BLOCK A

Session Topic:
Session Topic:
Session Topic:
Session Topic:
Session Topic:
Session Topic:
Session Topic:
Session Topic:
BLOCK B........
Session Topic:
Session Topic:
Session Topic:
Session Topic:
Session Topic:
Session Topic:
Session Topic:
Session Topic:

Session Topic:
green pharma

..................................................................................................................................... 2
Secondary adaptations: the fuel of diversification in parasites and protists..........c..c.c........ 3
Plant-microbe iINteractions........oouii it 5
Microbiology meets Maching [€arning........ccueieveieiiiiiiiee e 23
O[T Tor= | VT o] o} -V PR 33
INFECTION FOTUM c.eiiiiiiiiie ettt ettt st sae e st et b e sbe e st e st e eneees 38
SARS-COV2 aNd FEIMOVITUSES. ..ccueeiieiieiiieiteteetee sttt ettt ettt st esreesaee e s 171
Microbes and their metabolites underpinning host-microbe interactions ...................... 222
Genetics and ENOMICS fOIUML.....iii i e e e sbae e e e saaeeeeas 288
................................................................................................................................. 401
Tuberculosis: The forgotten PandemiC .......c..eeeeciiieeeciiie e e e 402
TEAChING SYMPOSIUM ....iiiiiiiiii et e e e e re e e e abe e e e e tteeeeentaeeeentaeeeennrenas 430
Microbial physiology, metabolism and molecular biology forum..........cccoccveviviiieninnnen. 441
Environmental and applied microbiology FOrum........cccccoveiiiiiiiiiee e 517
Antimicrobial resistance: from molecules to clinic, where are we Now? ..........ccovvvvvveeee. 602
Negative strand and double strand RNA VIFUSES ........cceeeveciiieeiciiee et 706
DINA VIFUSES ettt sttt sbe e s san e sane e snn e e sana s e snnes 745
POsitive STrand RNA VIFUSES......cociiiiiiiieiieeteet ettt s 770
A Greener Future: sustainable and scalable solutions in industrial biotechnology and

............................................................................................................................................ 806



BLOCK A

Display: Monday 17 — Tuesday 18 April
Presentation session: Monday 17 April (16.30-17.40)



Session Topic: Secondary adaptations: the fuel of diversification in
parasites and protists

POO1

Evolution and adaptation of a broken mitotic entry switch in
Schizosaccharomyces pombe

Chantelle Endeley ORCID iD'?, Maria Rosa Domingo-Sananes ORCID iD!

!Nottingham Trent University, Nottingham, United Kingdom. 2University of Nottingham, Nottingham,
United Kingdom

Abstract

The mitotic entry switch is a regulated biological process functioning as a bistable switch which enables
robust and abrupt entry into mitosis. While this system has been studied from a theoretical and
experimental perspective, little is known about the origin of the system and how it continues to evolve
and adapt. In this study, we use experimental evolution to determine how the system adapts when the
switch is defective. Wild type (PN1) and mutant (WeelA and Cdc25-ts (temperature sensitive)) strains of
the fission yeast Schizosaccharomyces pombe were evolved for over 200 generations. Evolved
populations and isolated single colonies were then phenotypically characterised (cell size, generation
time, and temperature sensitivity). Minimal changes in cell size at division and generation time were
seen in the evolved wild type and WeelA populations, but notable changes in cell size at division were
seen in the majority (>70%) of the single clones. Significant phenotypic differences were observed in the
evolved Cdc25-ts populations compared to the ancestral strain, with cell size at division, generation time
and temperature sensitivity all decreasing. Variations in phenotypes were apparent in the evolved
Cdc25-ts single clones, in terms of cell size, temperature sensitivity and generation times, suggesting the
existence of multiple adaptation pathways to defects in mitotic entry. While a reversion of the mutation
causing temperature sensitivity has not been observed in the evolved Cdc25-ts strains, work is ongoing
to determine the genetic basis of adaptation through genetic crosses and whole genome sequencing.


https://orcid.org/0000-0002-8744-9577
https://orcid.org/0000-0002-3339-8671

P002

Intestinal Parasitic Infections among Sudanese psychiatric patients; a
preliminary study.

Abdelhakam G. Tamomh ORCID iD, Hafiz Y. Mohammed, Israa A. Bashir, Ola O. Ali

University of El Imam El Mahdi, Kosti, Sudan

Abstract

Background: Intestinal parasitic infections are considered a major health problem, particularly in tropical
countries such as Sudan. Due to poor hygiene practices, psychiatric patients may acquire parasitic
infections. Until now, no published data or available information regarding the prevalence rate of
intestinal parasitic infections among Sudanese psychiatric patients, therefore, our present study aimed
to determine the prevalence of intestinal parasitic infections and the potential associated risk factors
among Sudanese psychiatric patients.

Methods: A hospital-based cross-sectional study was conducted and a total of 422 stool samples were
randomly collected from psychiatric patients attending the psychiatric section at Kosti teaching hospital
in the White Nile State of Sudan during the period from September 2021 to March 2022. Socio-
demographic data were gathered using a structured questionnaire. All stool samples were examined
using different parasitological techniques.

Results: The overall prevalence rate of intestinal parasitic infection among psychiatric patients was
120/211(56.8%) and non-psychiatric 66/211(31.3%). The prevalence rate of intestinal parasites (IPs)
among psychiatric patients were (Entamoeba histolytica (29.9%), Gardia lamblia (19.4%), Entamoeba
coli (5.2%%), A. lumbricoides( 0.9%) , Hymenolepis nana (0.9%), and Enterobius vermicularis (0.5%).
There was no relationship between intestinal parasitic infection and age, sociodemographic features,
sources of drinking water, contact with domestic animals, washing of hands, eating of raw
vegetables/meats, and having psychiatric disorders (P>0.05).

Conclusions: Studying the prevalence rate of intestinal parasites among psychiatric patients may help to
improve their health status, leading to better health services, diagnosis, and treatment.


https://orcid.org/0000-0003-2880-5751

Session Topic: Plant-microbe interactions
P003

Phyllospheric Bacterial Diversity of Helianthus annuus

SHAHIDA HASNAIN, SEHAR MAHMOOD

Institute of Microbiology and Molecular Genetics, Quaid e Azam Campus, University of the Punjab,
Lahore, Pakistan

Abstract

Background: Phyllosphere embodies the largest global interface of the aerial plant parts and exibit
diverse microbial communities. The microbial ecology of Phyllosphere is of great concern
regarding nature sustainability, agricultural worth, and economic importance.

Methodology: In the present work the bacterial diversity, population density and community structure
in terms of spatial and temporal variations of two varieties of sunflower were explored. During the
growth season, bacterial isolates were harvested from the abaxial and adaxial surface of dicotyledonous
leaf, young mature and old leaves of vegetative, reproductive and flowering stages of Hysun-33 and
Hysn-39 varieties of sunflower. Plant growth-promoting attributes of the individual bacteria and
consortium phyllosphere bacteria were evaluated in natural field conditions by applying inoculum on
seed. Using GFP-labelled Pseudomonas sp MeA-P42 images localization of epiphytic phyllospheric
bacteria on root, stem and leaves of both hybrids was examined using CLSM.

Results: Overall culturable bacterial carrying capacity of leaves remain same. Leaf associated bacteria
showed a paradigm shift in community composition and structure across the developmental stages.
Phyllospheric bacteria pronouncedly improves Helainthus annuus plant growth. Phyllosheric bacteria
colonized the aerial parts and roots of plant. Co-culturing of phyllospheric isolates Pseudomonas

sp. MehA-P41 and Bacillus sp. MehA-P43 with fungal strain Trichoderma hamatum showed significant
antagonistic activity against pathogens. Biocontrol activity against Sclerotinia sclerotium was taken as
the main function of chitinase enzyme produced by the phyllospheric bacteria.

Conclusion: Phyllosheric bacterial community exhibited variation with development stages of sunflower
plant. Bacterial inoculation improved plant growth significantly and revealed biocontrol activity.



P004

Elucidation of Bacillus sp. strain MHSD28 spore structure and development of
Bacillus-based formulation.

Sephokoane Cindy Makuwa ORCID iD, Prof Mahloro Hope Serepa-Dlamini ORCID iD

University of Johannesburg, Johannesburg, South Africa

Abstract

Endophytes are an endosymbiotic group of microorganisms that exist inside plant tissues without
causing any negative impact. It has several properties such as biocontrol through production of
antifungal metabolites and induction of disease resistance as well as plant growth promotion through
fixing biological nitrogen and increasing mineral uptake in plants. Furthermore, the application of
endophytes offers an alternate to the use of chemical fungicides in the management of plant diseases.
Bacillus species can produce spores, which gives them the ability to sustain harsh environmental
conditions. As a result, their capacity to produce endospores ensures that they can withstand
unfavourable environmental conditions, making them effective biocontrol agents. The objective of this
study was characterizing the spore structure and to develop a carrier-based formulation of a novel
bacterial endophyte Bacillus sp. strain MHSD28 as a biocontrol agent. Powder formulation of three
different carrier material which includes talcum powder, activated charcoal and sodium alginate were
evaluated and a talc-based formulation was optimized for longer shelf life in terms of storage
temperature and microbial concentration.


https://orcid.org/0000-0001-7786-4323
https://orcid.org/0000-0002-0573-1812

P0O05

Antibiotic resistance profile of E. coli isolates from lettuce, poultry manure,
irrigation water and soil in Kumasi, Ghana

Abigail Abena Anokyewaa Appau Appau, Linda Aurelia Ofori

Kwame Nkrumah University of Science and Technology, Kumasi, Ghana

Abstract

Background: Inputs such as irrigation water and poultry manure used in lettuce cultivation have been
found to be associated with antibiotic resistant pathogens. The study assessed the antibiotic resistance
profile of Escherichia coli found in these inputs.

Methods: A total of 156 lettuce, irrigation water, soil and manure samples were collected from 3 farms
over a period of 7 weeks. E. coli were enumerated using Most Probable Number technique. Using the
Kirby Bauer method, antibiotic sensitivity testing was performed against 225 biochemically confirmed E.
coli with twelve antibiotics. E. coli were screened for Extended Spectrum Beta Lactamase (ESBL)
production using Cefotaxime (CTX) and Cefotaxime/Clavulanic Acid (CTX/CLA) disc. ESBL positives were
confirmed with Polymerase Chain Reaction (PCR) and amplified using gel electrophoresis

Results: 98% of the samples were positive for E. coli. Microbial loads differed significantly among the
treatments. Manure recorded the lowest load while soil recorded the highest load. Relatively high
resistances were recorded for some members of the beta-lactam class; Meropenem — 94.2%, Ampicillin
—91.9%, Cefuroxime — 95.1%, Ceftriaxone — 94,7% and Cefotaxime — 94.2%. PCR confirmed presence of
ESBL gene blacrx-m one each from poultry manure, irrigation

water.

Conclusion: Occurrence of antibiotic resistant E. coli on vegetable farm inputs is alarming and poses
serious health threats to the public. Presence of ESBL blacrx.m genes on E. coli from farm inputs recorded
for the first time in Ghana requires enforcement by regulatory bodies on the inappropriate use of
antibiotics in the country.



P0O06

Getting to the root of the co-evolution of plants and their endophytic
Streptomyces

Louisa Perry ORCID iD, Damien Gayrard ORCID iD, Jake Newitt, Samuel Prudence, Matt Hutchings

John Innes Centre, Norwich, United Kingdom

Abstract

The bacterial genus Streptomyces has been well studied for its medicinally beneficial specialised
metabolites. Most commonly known as soil dwelling bacteria, their specialised metabolites play an
essential role in their ability to defend their environmental niches from microbial competition.
Understanding Streptomyces’ ecological role may provide new insights into why and how these
specialised metabolites are produced.

Previous studies have shown that some Streptomyces bacteria are wheat root endophytes (Prudence et
al., 2021) with some strains showing activity against the wheat pathogen, Wheat Take-all (Worsley et al.,
2020). Through lllumina and CCS PacBio sequencing we show that the abundance and composition of
the endophytic Streptomyces taxa vary between plant species of different phyla (liverwort (Marchantia
polymorpha), C-Fern (Ceratopteris richardii), wheat (Triticum aestivum) and barley (Hordeum vulgare)),
grown in the same agricultural soil, suggesting that some plants have evolved to specifically recruit
beneficial microbes. Streptomyces scabies-like species were most abundant in the endosphere of wheat
and barley, relative to the surrounding rhizosphere. We continue to explore how co-evolution might
have occurred between Streptomyces scab-causing relatives and these domesticated crop plants.

Prudence, S. et al., 2021. Soil, senescence and exudate utilisation: characterisation of the Paragon var.
spring bread wheat root microbiome. Environmental Microbiome.

Worsley, S. et al. 2020. Streptomyces Endophytes Promote Host Health and Enhance Growth across
Plant Species. Applied and Environmental Microbiology
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P0O07

Aromatic amino acids influence virulence gene expression in Pseudomonas
syringae

Chloe Harper®?, Nattapong Sanguankiattichai', Gail Preston?

YUniversity of Oxford, Oxford, United Kingdom. 2University of Warwick, Coventry, United Kingdom

Abstract

The plant pathogen Pseudomonas syringae utilises a type lll secretion system (T3SS) to suppress plant
immunity. T3SS expression is regulated by signals present in the plant environment. As precursors for
plant defence compounds, aromatic amino acids (AAAs) accumulate in the plant environment upon
infection and are rapidly taken up by P. syringae. However, they are a poor source of nitrogen or carbon
and at high concentrations can be inhibitory to P. syringae growth. We investigated the role of AAAs in
regulating virulence gene expression. Bioinformatic analyses showed that the aromatic amino acid
permease aroP, and the regulators tyrR and phhR are highly conserved across P. syringae pathovars,
whilst downstream metabolic genes have a varied distribution. Knockout mutants were generated for
aroP, tyrR and phhR in P. syringae pv. tomato DC3000, and the effect of AAAs on virulence gene
expression was assessed by measuring luminescent signals from /ux reporter constructs for the T3SS
regulator hrpL and the T3SS-secreted effector avrPtoB. The concentration of AAAs and the choice of
media (mannitol-glutamate (MG) media pH 7 vs. M9 fructose pH 5.5) significantly influenced the growth
and T3SS expression of WT and mutant P. syringae strains. Results obtained using AaroP strains further
suggested that AroP has a role in regulating virulence gene expression, which is further mediated by the
environment. Overall, our results show that AAAs can influence T3SS expression and that the
environment plays an instrumental role in regulating gene expression in P. syringae.



P0OO8

Bacterial microbiomes in irrigation water and leafy green vegetables associated
with small-scale farms in South Africa

Degracious Kgoale, Jarishma Gokul, Erika Du Plessis, Lise Korsten

University of Pretoria, Hatfield, South Africa

Abstract

Irrigation with poor-quality water can result in contamination of fresh produce with water- and food-
borne pathogens, especially in small-scale farming communities, where proper hygiene measures are
often neglected. To identify potential pathogens in the production environment and the shifts in
community structure because of their presence, we characterized the bacterial communities in irrigation
water and leafy greens from five small-scale farms in South Africa. lllumina MiSeq high-throughput
sequencing targeting the V4-V5 variable region of the 16S rRNA gene region revealed high relative
abundance of Proteobacteria, Firmicutes and Actinobacteria, including prominent families such as
Burkholderiaceae (48%), Enterobacteriaceae (34%), Bacillales family XII (8%), Rhodobacteraceae (3%),
Micrococcaceae (1.98%) and Pseudomonadaceae (1.79%). Diversity analysis showed that each farm
exhibited a unique bacterial profile with core communities specific to plant or irrigation water source
evident. Potential pathogenic Enterobacteriaceae such as Enterobacter, Salmonella, Shigella, E. coli,
Citrobacter and Klebsiella were the dominant genera identified overall. These findings highlight the
presence of specific bacterial communities in irrigation water and leafy green vegetables in different
areas and the existence of human pathogens within the irrigation water-fresh produce interface. This
research suggests that improved water quality in the small-scale production systems is necessary and
can aid in the prevention of potential foodborne outbreaks.



P0O09

Exploring the role of oxanthromicin, an antifungal metabolite produced by
endophytic Streptomyces, in the reduction of wheat take-all disease symptoms.

Jake Newitt?, Sibyl Batey?, Pedro De-Resende?, Louisa Perry?, Edward Hems?, Barrie Wilkinson?, Matt
Hutchings?®

John Innes Centre, Norwich, United Kingdom. ?BactoBio, London, United Kingdom

Abstract

Streptomyces is a genus of soil dwelling actinomycetes that plays an important role in plant health
through association with plant roots. They benefit their plant host by increasing nutrient availability,
enhancing plant growth, and preventing infectious disease. Specialised antimicrobial metabolites are
thought to underpin disease protection, although this is not clear. In this study, we explore the biological
and chemical interactions between Streptomyces isolated from wheat roots and wheat root pathogen
Gaeumannomyces tritici. (Wheat take-all) both in vitro and in planta, and the role of antifungal
secondary metabolites produced by Streptomyces in the wheat root endosphere.

The roots of field grown Kerin, Soisson and Paragon variety wheat plants were sampled at maturity and
54 Streptomyces spp. were isolated from both the rhizosphere and endosphere microbiome. A total of
17 strains were found to inhibit wheat take-all fungus in vitro and 3 of these showed a clear reduction in
take all disease symptoms in planta. Antifungal metabolites were successfully extracted for 15 strains.
The extract from Streptomyces spp. SES1, which showed the clearest reduction in disease was purified
using preparative HPLC, and several antimicrobial compounds were identified and structurally
characterized using NMR. The genomes for these strains were sequenced using a hybrid short/long read
approach. AntiSMASH analysis identified a candidate for the cryptic antifungal metabolites produced by
SES1.

This study explores the role of antifungal compounds produced by streptomycetes in the wheat root
microbiome and provides a platform for further probing the chemical ecology of wheat/Streptomyces
interactions.



PO10

Are we ready to harness effective but genetically modified Burkholderia and
Paraburkholderia biopesticides?

Gordon Webster ORCID iD, Alex Mullins ORCID iD, Yoana Petrova ORCID iD, Eshwar Mahenthiralingam
ORCID iD

Cardiff University, Cardiff, United Kingdom
Abstract

Fungal and oomycete damping-off diseases cause global crop losses. Chemical pesticides are used to
control disease, but with their withdrawal due to safety concerns, farmers have few protective options.
Until 1999, Burkholderia bacteria were used commercially as biopesticides in the US, but concerns
relating to their opportunistic pathogenicity led to a moratorium on their exploitation unless they could
be proven safe. Burkholderia produce multiple specialised metabolites with plant-protective properties,
including antimicrobial polyynes such as cepacin A. This metabolite is a key mediator in the ability of
Burkholderia ambifaria biopesticides to protect germinating peas against Globisporangium (formerly
Pythium) ultimum damping-off disease. We systematically investigated the biological control ability of
other polyyne-producing Burkholderia, Collimonas, Trinickia, and Pseudomonas bacteria. When applied
as a seed coat, B. ambifaria (cepacin A polyyne), and Burkholderia gladioli and Burkholderia plantarii
(caryoynencin pollyne), were the only species to effectively protect peas against G. ultimum damping-
off. Two genetic modification strategies to improve the safety profile of these opportunistic pathogen
species were investigated. Firstly, a virulence-attenuated third replicon mutant of B. ambifaria in which
gene-editing had removed this large virulence plasmid (>1000 genes), proved to be highly protective
against damping-off disease in greenhouse-scale pea experiments. Secondly, transfer of the B. gladioli
caryoynencin gene pathway to inherently safe Paraburkholderia species also facilitated effective
biocontrol of G. ultimum disease. In summary, genetically modified Burkholderia and Paraburkholderia
are effective as biopesticides. The next challenge will be to address the regulatory and societal
understanding needed to enable their wider testing and potential use.


https://orcid.org/0000-0002-9530-7835
https://orcid.org/0000-0001-5804-9008
https://orcid.org/0000-0002-2273-3390
https://orcid.org/0000-0001-9014-3790

PO11

Understanding resistance to Botrytis cinerea in strawberries

Finlay Bourquin®?, Charlotte Nellist?, Helen Cockerton?, Matthew Dickinson?, Tim Robbins?

!National Institute of Agricultural Botany, Cambridge, United Kingdom. 2University of Nottingham,
Nottingham, United Kingdom. 3University of Kent, Kent, United Kingdom

Abstract

Botrytis cinerea is a virulent necrotrophic pathogen responsible for causing soft fruit rot both pre- and
post-harvest in strawberries, consequently damaging crops throughout the production, transport and
retail stages. Strawberries are a high value crop, hence harvest losses at all stages of production have an
economic impact and resistance to fungicides is increasing. The aims of this project are to identify novel
strawberry susceptibility or resistance factors to B. cinerea and novel B. cinerea virulence factors.
Pathogenicity assays have been developed for Fragaria vesca leaves, F. vesca flowers, Fragaria x
ananassa fruits and for Nicotiana benthamiana leaves, and differences in B. cinerea virulence has been
found between isolates (p < 2.2e-16) and across strawberry organs and hosts. To investigate B. cinerea
virulence factors, isolates will undergo UV mutagenesis and pathogenicity testing. Should virulence be
altered, genome sequencing and analysis will be carried out, leading to an increased understanding of
the B. cinerea-strawberry pathosystem. To investigate strawberry susceptibility factors, F. vesca seeds
have been mutagenized, grown to maturity and the M2 generation will be screened for differences in
susceptibly or resistance to B. cinerea using the pathogenicity assays. Any plants exhibiting increased
susceptibility or resistance will undergo genome sequencing to determine which genomic loci are
responsible for the change in phenotype. As F. vesca is the dominant ancestor of cultivated
strawberries, this work could lead to the development of selective markers for breeding or targets for
genetic modification, which could result in the production of B. cinerea resistant strawberry cultivars.



PO12

Ficus thonningii Phyllosphere: Potential Source of Novel Antimicrobials

Anderson O Oaikhena ORCID iD*?, Morenike E Coker?, Wisnu Adi Wicaksono?, Iruka N Okeke?, Gabriele
Berg?

tUniversity of Ibadan, Ibadan, Nigeria. *Technical University of Graz, Graz, Austria

Abstract

Medicinal plants have been explored for antimicrobial potentials but their microbiomes have been
relatively understudied. Phyllosphere bacteria contribute to plant health, regulation and production of
antimicrobial compounds. We characterized the culturable leaf-microbiome of Ficus thonningii, a
tropical medicinal plant, and investigated their antimicrobial potential.

Fresh leaves of F. thonningii were collected. Bacteria was isolated from the leaves on 0.1X tryptone soy
agar containing cycloheximide and identified by 16S rRNA sequencing. Antimicrobial challenge tests on
selected control strains was conducted with agar well diffusion and the genomes of antagonistic isolates
and probable new species were lllumina sequenced. Genome mining was conducted using antiSMASH
and PRISM.

A total of 395 isolates were identified and belonged to four phyla- Proteobacteria (253), Firmicutes (94),
Actinobacteria (40) and Bacteroidetes (8). Bacillaceae (70) was the most predominant family detected,
and species belonging to Bacillaceae, Enterobacteriaceae and Xanthomonadaceae previously unknown
to science were recovered. Cell-free supernatant of 19 of 38 tested bacteria produced zones of
inhibition on challenge organisms including Escherichia coli, Klebsiella pneumoniae and Staphylococcus
aureus. A total of 311 biosynthetic gene clusters, including 284 previously undescribed were detected
from 35 sequenced isolates. Biosynthetic gene clusters were predicted to encode aryl polyenes, non-
ribosomal peptides, polyketides, lanthipeptides and terpenes, all groups of compounds with potent
antimicrobial activity.

Antimicrobial activity of phyllosphere bacteria from F. thonningii suggests that the plant’s microbiome
may contribute directly to observed medicinal effects. F. thonningii microbiome may be a rich source of
secondary metabolites that should be explored for antimicrobial drug discovery.


https://orcid.org/0000-0002-8803-5077
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Future Oak: a microbiome-wide association study of acute oak decline severity
in Quercus robur

Jim Downie ORCID iD?, Alejandra Ordonez ORCID iD?, Usman Hussain?, Marine Cambon ORCID iD?, Jasen
Finch ORCID iD?, Nathan Brown ORCID iD3, Sandra Denman ORCID iD?, James McDonald ORCID iD**

1Bangor University, Bangor, United Kingdom. 2Aberystwyth University, Aberystwyth, United Kingdom.
3Forest Research, Farnham, United Kingdom. *Birmingham University, Birmingham, United Kingdom

Abstract

Acute Oak Decline (AOD) is a complex decline disease of oak in which weeping stem lesions are caused
by a multi-species bacterial “pathobiome”, leading to tissue necrosis and often tree death. AOD is
spreading across the UK, causing concern about the future of oak trees, but to date there are no
effective means of management. One target may be the oak microbiome, which might contain microbial
taxa that facilitate protection against the activity of these pathogenic species, either through their direct
inhibition or competitive exclusion. To locate such microbial taxa, we are conducting a microbiome-wide
association study, characterising the leaf, stem and rhizosphere microbiomes of 300 Quercus robur trees
from 30 sites across the UK using shotgun metagenomic sequencing, as well as 16S rRNA and ITS
amplicon sequencing. These trees represent a wide range of AOD severity, from healthy trees to
severely affected. To date, we have constructed 424 bacterial and 965 fungal MAGs associated with the
oak phyllosphere. These MAGs provide key insight into the composition and function of the microbiome
with changing disease severity, as well as the physiological changes occurring in the tree following
disease onset. Future work will use a Bayesian mixed modelling approach to identify which, if any, of
these taxa are positively associated with oak health for further testing as part of a microbial treatment.


https://orcid.org/0000-0002-7175-0533
https://orcid.org/0000-0001-8116-4434
https://orcid.org/0000-0001-5234-4196
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Implementing a DNA-based diagnostic assay on a Lateral Flow Device (LFD) -
Development of in field tools for early detection of fungal storage rots of
strawberry

Olaide Ogunsanya®?*3, Richard Colgan ORCID iD?, Andrew Armitage ORCID iD*

!Natural Resources Institute, Chatham Maritime, United Kingdom. %International Institute of Tropical
Agriculture, Ibadan, Nigeria. 3Federal University of Agriculture, Abeokuta, Nigeria

Abstract

Botrytis cinerea is a devastating pre- and postharvest pathogen of over 1,000 plant species and
represents the primary disease of harvested strawberries. In strawberry, the fungus colonises open
flowers (primary infections) or fruit (secondary infections) and switches to a necrotrophic life stage upon
fruit ripening. Monitoring and control of the pathogen is critical, with risk of >80% losses in the absence
of treatment. Lab-based molecular diagnostics, designed directly from the pathogen’s genome, provide
high-specificity to the target organism. However, PCR and qPCR assays require access to lab-equipment,
molecular biology training and as such, cannot typically be deployed on-site.

We have developed an isothermal Recombinase Polymerase Amplification (RPA) assay, with results
detectable on a Lateral Flow Device. Comparative genomic analysis of four sequenced Botrytis cinerea
isolates, alongside 35 additional Botrytis spp. genomes, allowed identification of lineage-specific effector
complements to Botrytis cinerea. Design of primers and probes to these regions allowed specific
detection of B. cinerea amongst common fungal and oomycete pathogens of strawberry. With
increasing public familiarity of LFDs, such assays offer an opportunity to put genome-informed
molecular diagnostics in the hands of growers, agronomists and fruit processors.


https://orcid.org/0000-0002-0653-5845
https://orcid.org/0000-0002-0610-763X
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Providing human and machine readable FAIR data resources to explore and
intercompare diverse plant infecting pathogens

Martin Urban ORCID iD?, Alayne Cuzick?, James Seager?, Kim Rutherford?, Valerie Wood?, Dan Smith?,
Keywan Hassani-Pak?, Kim Hammond-Kosack®

1Rothamsted Research, Harpenden, United Kingdom. 2University of Cambridge, Cambridge, United
Kingdom

Abstract

Complex phenotypes, such as virulence, pathogenicity and resistance, are important observable traits
controlled by the genomes of interacting organisms and individual virulence/avirulence genes. PHI-base
(www.phi-base.org) is a gold-standard manually curated phenotype database that stores molecular
information on genes implicated in microbial disease. It aims to help researchers to uncover new
fundamental insights, share phenotype data in a machine readable format, and discover novel
intervention targets for disease control.

Our November 2022 release provides information on 283 pathogens tested on 234 hosts, covering
19,881 interactions and 8,993 genes curated from > 4,847 peer reviewed articles. PHI-base provides
information on target sites of anti-infective chemistries and the first host targets of pathogen effectors.
It is a primary information source for researchers studying plant, animal, and/or human pathogens.
Species neutral high-level phenotypes are implemented to allow comparative plant-pathogen analysis
using the Pathogen-Host Interaction Phenotype Ontology. PHI-base phenotypes are exported to
Ensembl, NCBI, UniProtKB, FungiDB and KnetMiner knowledge graphs. These resources link phenotypes
to genomes and evolutionary trees, and enable computational analysis that utilises comparative
genomics, gene network analysis, and mappings to biochemical pathways. We also demonstrate PHI-
Canto, a new web-based community annotation tool (canto.phi-base.org) that permits authors to
capture wild-type and mutant phenotype data at the point of publication. Knowledge graphs for the
microbial fungus Fusarium culmorum were created using KnetMiner and used to identify a number of
candidate virulence genes associated with secondary metabolite pathways.


https://orcid.org/0000-0003-2440-4352
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Multi-phasic identification of causative pathogen responsible for foliar and pod
diseases of African yam bean (Sphenosylis stenocarpa) in Nigeria

Olaide Ogunsanya'?**, Clement Afolabi®, Andrew Armitage?, Richard Colgan?, Elinor Thompson?,
Alejandro Ortega-Beltran?, Micheal Abberton?

INatural resources centre, Kent, United Kingdom. 2International Institute of Tropical Agriculture, Ibadan,
Nigeria. 3Federal University of Agriculture Abeokuta, Abeokuta, Nigeria. *University of Greenwich, Kent,
United Kingdom

Abstract

African yam bean (AYB; Sphenostylis stenocarpa, Fabaceae) serves as a security crop, which is used for
food, and feed, and it possesses medicinal properties. Despite the nutritional value of AYB, low grain
yield as a result of fungal diseases deters farmers from large-scale cultivation. The causal agents of the
pod and leaf blight diseases on AYB are largely uncharacterized. To investigate the prevalence of AYB
fungal diseases, a disease survey was conducted in 2018 in major AYB-growing areas in Nigeria.
Morphological and molecular assays were conducted to identify the causal agents and diseases
responsible for low grain yield in this crop. The 143 fungal isolates collected from diseased AYB leaves
and pods were identified by morphology and sequencing of the Internal Transcribed Spacer (ITS4 and 5).
Colletotrichum gleosporiodes complex, Neopestalotiopsis spp, Curvularia akaii, and Fusarium
oxysporum were recovered from leaf blight samples, whereas C. gleosporiodes complex and C.
truncatum were collected from pod blight diseased samples. Koch’s postulates were satisfied for C.
truncatum, and C. gleosporiodes complex, leading to progressive dark lesions on healthy detached AYB
leaves, pods, and flower buds. Other fungal pathogens did not produce any symptoms in healthy AYB
tissues. This investigation confirms that Colletotrichum species are the predominant agents of these
diseases, with evidence for host-preference of Colletotrichum spp. to different tissues. Given the
importance of AYB in Western- and Eastern Nigerian diets, accurate pathogen species identification is
vital to understand disease epidemiology and to deploy cultivars with appropriate resistance.
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Abstract

Potatoes, a critical food crop, are highly susceptible to pathogens and management practices to limit
disease are a balancing act. Dry conditions favour common scab (Streptomyces spp.), while wet
conditions favour blackleg (Pectobacterium spp.) disease. Watering regimes thus alter disease
susceptibility, but it is not known if this perturbs the soil microbiome and whether this affects crop
yields. Using field trials, we aimed to determine how the pathogen load of potato seed stocks (at 'Zero',
'Low', and 'High' levels of Pectobacterium spp) and irrigation management (unirrigated and three
irrigation regimes) impacted: i) crop yields; ii) disease development (blackleg or common scab) and iii)
microbial communities. Using sophisticated statistical tools, we quantified differences in microbial
communities between stocks, irrigation treatments, and sampling time. We found that irrigation
increased crop yields and increased blackleg symptoms in the Low and High stocks (22-34%) but not in
the Zero stock (2-6%). Blackleg disease developed at a similar rate and incidence in plots planted with
the Low stock as compared to the High stock. Not irrigating led to increased common scab symptoms (2-
5%) and reduced crop yields by ~100 tubers per hectare. Irrigation alone did not impact the composition
of the rhizosphere microbiome, but planting the seed tubers with a high blackleg pathogen burden
resulted in increased abundance of Planctomycetota, Chloroflexi and Acidobacteria species compared to
the Low and Zero stocks. We conclude that the initial pathogen burden on seed tubers substantially
affects soil community dynamics, while irrigation regime had little influence on the soil microbiome.
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Abstract

The Fusarium oxysporum species complex (FOSC) is a soil borne ascomycete with over 100 different
pathogenic formae speciales (f.spp.) adapted to different host plants including many crops of agronomic
importance. Fusarium oxysporum f. sp. lactucae (FOL) causes Fusarium wilt disease on lettuce and is
further subdivided into races showing differential pathogenicity on different host varieties. FOL race 1
(FOL1) is the most widespread and a particular problem in Southern Europe and USA. Recently, race 4
(FOL4) has emerged in Northern Europe predominantly affecting protected lettuce and causing
extensive losses of up to 50-80%. The genomes of the FOSC consist of a set of core chromosomes
showing high identity between members of the FOSC and a set of Lineage Specific (LS) chromosomes
rich in transposons and effectors that are unique to each f. sp. FOL1 and FOL4 have identical TEFlalpha
sequences suggesting a common origin. We assembled a range of FOL1 and FOL4 isolates from Europe
and compared them through long-read Nanopore genome sequencing and in planta transcriptome
analysis. Key differences in putative effector gene complement between and within FOL races as well as
comparison to other F. oxysporum f. spp. will be presented alongside differential expression data of
these effectors in lettuce.
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Abstract

Blackleg disease is a softrot disease of potatoes, which loses the UK production industry £50M every
year. In the UK, disease is principally caused by enterobacterial soft rot phytopathogen Pectobacterium
atrosepticum, but can also be caused by Pectobacterium parmentieri and Pectobacterium brasiliense.
Bacteriocins are proteinaceous, highly selective antibacterial proteins weaponised by bacteria to kill
related species and establish dominance in a niche. If used against pathogens, they could comprise a
safer alternative to chemical pesticides as they allow for selectivity. PX1 is a bacteriocin produced by
specific species of Pectobacterium and could potentially be used as a sustainable treatment against
blackleg disease. Pectobacterium spp. growth and pectolytic activity vary with temperature. Therefore,
bacteriocins must be effective for multiple Pectobacterium spp. and across a range of temperatures.
Using the spot test methodology, we examined the efficacy of PX1 against different species of
Pectobacterium (P. atrosepticum, P. parmentieri and P. brassiliense) at different temperatures (15°C and
27°C). We determined that nearly all of the 25 UK P. atrosepticum isolates tested were highly
susceptible to PX1, even when the bacteriocin was diluted to 6 nM concentrations. Mutants that
developed resistance after treatment were isolated for future characterization of the PX1 mechanism of
action. In contrast, two out of three P. brasiliense isolates tested and all 7 strains of P. parmentieri
tested were resistant to PX1. Overall, we established that PX1 is highly effective at killing P.
atrosepticum at temperatures between 15°C & 27°C and shows potential as a biocontrol agent.
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Abstract

Sap-sucking aphids detrimentally impact plants through direct feeding and the secretion of sucrose rich
honeydew, promoting saprophytic fungi and reducing the photosynthetic ability of a colonised host. The
capacity to also readily transmit devastative plant viruses renders aphids a notable threat to important
crop species. Common wheat, Triticum aestivum, is one such species affected by aphids and the viruses
they transmit, most prominently Barley yellow dwarf virus (BYDV). In terms of both worldwide
distribution and economic significance, BYDV is one of the most important viral diseases affecting cereal
crops, reducing yield by up to 80%. Genetic sources of resistance to aphids and/or BYDV may provide an
attractive control solution; this forms the basis for much of our work.

The presence and variation of BYDV strains across the UK has not been thoroughly explored, with purely
strains ‘MAV’ and ‘PAV’ reported. This is despite knowledge of BYDV diversity being crucial for
developing improved diagnostics, robust monitoring, effective disease management and the
identification of resistance-breaking viral variants. Here, work has explored UK BYDV diversity via viral
coat protein sequencing and phylogenetic analyses using viruliferous aphid samples collected from
suctions traps across the nationwide Rothamsted Insect Survey .

Besides BYDV-MAYV and PAV already known to be prevalent across the UK, our results suggest the
widespread occurrence of an unreported BYDV strain, PAS; this has potentially significant ramifications
and may be a key finding for improved disease management. Identified UK BYDV substrain variation has
also assisted with the development of UK-specific diagnostic assays.
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Abstract

Multi-drug resistant (MDR) Escherichia coli poses an alarming threat to global public health. MDR clones
of E. coli account for a significant proportion of bloodstream and urinary tract infections, which are
becoming increasingly difficult to treat with antibiotics. New methods to understand how these
pathogens emerge by identifying key evolutionary events throughout their formation will be vital for
future treatment strategies. The ever-increasing generation of genomic data provides a rich pool of
information that microbiologists can now explore with complex computational techniques to answer
important research questions. What are the common genetic signatures that underpin the evolution of
MDR clones? Do specific mutations or gene gain and loss patterns potentiate MDR clone formation? We
have curated a dataset of over 20,000 genomes representing the full phylogenetic diversity of E. coli to
allow us to address these questions. We quantified the burden of atypical mutations in protein coding
genes using the delta bitscore metric to then apply a machine learning approach to probe this unique
dataset. We assess the ability of a random forest classifier to identify atypical mutations in protein
coding genes that are precursory to MDR E. coli clone formation and evaluate how well signatures
identified by the random forest generalise across distinct E. coli lineages.
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Abstract

Understanding which genes contribute to the fitness of microbial strains in a habitat is one of the main
goals of functional genomics. However, there is a lack of computational approaches that facilitate such a
task. This type of analysis falls under a group of methods called Genome-Wide Association Studies
(GWAS). There are already several bioinformatic platforms for microbial GWAS, but available tools have
limitations as they use statistical hypotheses that are not appropriate for the analysis of genes
responsible for habitat adaptation. We developed a new tool called AURORA (AUtochthonous, Random
fOrest, Random wAlk) that can deal with confounders of typical GWAS (population structure and
recombination). Additionally, AURORA has two functionalities: machine learning algorithms, able to
recognize strains that differ significantly based on gene content from other strains from the same
habitat. These strains are most likely allochthonous and their presence in the dataset reduces statistical
power to detect significant associations. However, AURORA can also identify cases where the analyzed
strains are “nomadic” (i.e. are not specialized to a habitat). We demonstrate the utility of AURORA on
Limisilactobacillus reuteri whose adaptations to the rodent gastrointestinal system have already been
intensively studied, and essential genes experimentally identified. We show that AURORA can
unambiguously identify essential genes while other tools struggle with false negatives. Moreover, we
demonstrate that AURORA correctly classified Lactiplantibacillus plantarum as a nomadic species.
AURORA is implemented in the R programming language as an open-source package.
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Abstract

The origin of eukaryotes is a crucial event in the history of life on Earth. The development of complex
eukaryotic cells allowed for the emergence of more advanced organisms, paving the way for the
incredible diversity of life we see today.

While the details of this transition are still the subject of ongoing research, the scientific consensus is
that the last common ancestor of eukaryotes was a chimeric organism, formed from the merger of at
least two different prokaryotic cells - an Asgard archaeon and a bacterium, close to modern alpha-
proteobacteria. However, the specific order of events and the sequence in which the different features
of the eukaryotic cell emerged is not well understood. There is also controversy about the number of
symbiotic partners that contributed to eukaryogenesis.

In this study, we are using new phylogenomics methods that take into account the endosymbiotic
nature of eukaryotic organisms, recognizing that eukaryotic genes can have multiple evolutionary
histories. For instance, eukaryotic genes can come from the archaeon, the mitochondrial symbiont, or
the other symbionts that may have been engulfed along the way, or could be acquired as a result of
horizontal gene transfers.

With the help of these methods, we are planning to investigate the prokaryotic origins of individual
eukaryotic families and the timing of individual events during eukaryogenesis.
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Abstract

Of known viruses, over half infect multiple species and spillover events between populations can lead to
outbreaks of disease, both from novel viruses and novel strains of known viruses. Tools to inform viral
surveillance are therefore essential to controlling the risk of emerging viral disease, so the maintenance
host populations for these viruses can be rapidly identified and effective control measures designed. The
"need for speed" in epidemic response recommends the use of models based on viral genome
sequence.

Using machine learning models based on gradient boosted tree algorithms, we have leveraged viral
genome data to make predictions of the host taxon of a virus based on features calculated as
biologically-informed summary metrics of its genomic information. Our previous approaches centred on
models based on viral phylogeny and summarised genome composition. We present here improved
models incorporating novel amino acid- and protein motif-based features, integrating functional
understanding of viral proteins and their host interactions into our genome-derived models, which
achieve state-of-the-art accuracy.

Using these novel renderings of viral sequences we propose a lightweight model with similar predictive
capabilities using a smaller set of features designed to incorporate viral protein post-translational
modification and protein-protein interaction. Additionally, we find that these sequence representations
can be mapped to phylogeny, providing insights into virus-host coevolution.

Crucial to the development of these models is engagement with real-world application; our future work
will aim to deliver our models to stakeholders via a user-friendly interface and gain feedback on avenues
to improve model performance and usefulness.
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We estimate the causal dependence on genetic background for the establishment of an incoming gene
or set of genes. We do this by development of a machine learning approach where we evaluate the
“importance” of the contribution of genetic background to the presence or absence of a focal gene. We
use a diverse set of complete genomes from Escherichia coli. These genomes have evolved divergent
gene content over time — so much so, that a gene that is horizontally transferred from one sequence
type (ST) to another will find itself in a considerably different ensemble genetic background. In many
ways, we are testing a natural equivalent of a “historical difference experiment”. To understand the
roles of contingency, repetition, and determinism on pangenome evolution, we developed a random
forest approach, where decision trees are constructed using nodes to represent a gene family within the
pangenome. At each node, the genomes are divided into two groups, according to whether a member of
the gene family is present or absent. In this way, the decision tree can predict the presence or absence
of a gene based on the path taken through the tree. We find that evolutionary history has structured the
E. coli pangenome in a way that results in a significant amount of gene content predictability in any
given genome, and that evolution has repeated itself in this pangenome many times. This is the first
incarnation of a machine learning system of modelling pangenomes. Future versions will include
promoters and other metadata.
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Abstract

Chronic wounds (principally pressure sores, venous leg ulcers and diabetic foot ulcers) are a drain on
global health services and remain a major area of unmet clinical need. Chronic wounds are characterised
by a bacterial biofilm which hinders innate immune response and can prevent wound healing. Recently,
research has delved into “biofilm-based wound care” as an effective strategy for healing wounds, where
the first step of treatment is to disrupt the biofilm. Bioactive glass fibres, which have a “cotton-wool”
appearance, offer a promising biofilm-based wound care treatment for chronic wounds. Fibres can be
doped with antimicrobial metal ions, for example, silver and copper, which will be released when fibres
are packed into the wound. Here, an in vitro chronic wound biofilm model has been developed. This
model is used to test the antimicrobial activity of fibres doped with silver and copper on single-species
and dual-species biofilms containing common bacterial species found in chronic wound biofilms
Pseudomonas aeruginosa and Staphylococcus aureus. Ag-doped fibres possessed stronger antimicrobial
effects against single-species P. aeruginosa biofilms and dual-species biofilms than Cu-doped fibres,
which were more antimicrobial against single-species S. aureus biofilms. However, there was a larger
reduction in viability in biofilms treated with copper-doped fibres followed by silver-doped fibres rather
than 2 sequential treatments of silver-doped fibres. Experimental results are compared to results from a
partial differential equation mathematical model of the system, furthermore, the mathematical model is
used to make predictions about the likelihood of biofilm eradication based on fibre and biofilm
properties.
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Abstract

An association between certain bacteria and colorectal cancer (CRC) has recently been established. We
analysed metagenomic and gene expression data from 57 CRC tumour samples and their normal paired
controls. Using the R-tsne algorithm the samples were grouped based on their metagenomic profile.
Five clusters were identified and analysed with Deseqg2 to reveal significant differences in the
metagenomic profiles of the groups. Bacteria such as Fusobacterium nucleatum and Porphyromonas
gingivalis were significantly associated with tumour-sample rich clusters and a depletion of bacteria
such as Bifidobacterium breve - a potential probiotic was observed. Differences in gene expression
between clusters with high abundance of these bacteria and those with low abundance were observed.
Significant differences in the expression of genes such as those involved in apoptosis and in cellular
proliferation were noted. R-tsne clusters were also generated based on the expression profile of the
samples. Consensus TME was used to estimate immune cell abundance allowing for the determination
of differences in immune cell activity between clusters. Furthermore, pathway analyses were performed
to determine the activity of hallmark signalling pathways between the clusters. Several tetraspanin
proteins are known to regulate attachment of various bacteria to epithelial cells. Therefore, pathway
activities in function of Tetraspanins were investigated and a correlation analysis performed. Differences
in the activities of hallmarks such as myc targets and WNT beta signalling were positively correlated with
high expression of TSPAN6. Understanding the metagenomic and expression profile of CRC tumours can
further the understanding of the role of bacteria in CRC.
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Abstract

Gene-gene interactions between accessory genes in pan-genomes have been an area of focus in recent
years, with programmes dedicated to detecting possible links between genes being developed.
However, most of these programmes are only able to detect pairwise interactions between genes and
many of the interactions can be explained by the phylogenetic signal of the pan-genome. To identify
more complex relationships between genes, we ask if it is possible to predict the presence of a focal
gene based on the gene content of the rest of the genome. If prediction is possible, this implies the
presence of interactions between the focal gene and other accessory genes. To test whether the
prediction of gene presence could be used to identify interactions we downloaded 788 publicly available
Rhizobium leguminosarum genomes from the genome taxonomy database. We then filtered based on
multiple metrics to select only high-quality genomes and constructed a pangenome. After only retaining
accessory genes with low phylogenetic signal, we trained random forest classifiers to predict the
presence of each gene based on the rest of the accessory genome. We then extracted feature
importance to construct networks that indicate how genes contribute to explain the presence of each
other. Groups of tightly connected genes could signify biologically relevant relationships between genes
and/or environments. We expect that this approach can be easily applied to multiple species and other
types of data (e.g., single-nucleotide polymorphisms and phenotypes) and can help direct further
research.
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Abstract

Proteomics involves the characterisation and analysis of protein expression in a sample. Typically
tandem mass spectrometry and peptide fragmentation are followed by a database search to identify
peptides (and hence proteins) from the mass spectra. However, using this approach, 75% of spectra
remain without a significant peptide match. While historically database searching provided greater
sensitivity, advancements in de novo peptide identification directly from mass spectra makes it a viable
alternative. A deep knowledge of mass spectra data is key to the optimal design of de novo algorithms,
which ideally could be tested, refined and evaluated using artificial data. To this end, we characterised
tandem mass spectra with regards to noise and missing fragmentation cleavages. Noise peaks were
found to account for more than 80% of the total peaks, while more than 70% of the spectra had at least
one missing fragmentation cleavage. By modelling noise and introducing it into artificial spectra, we
were able to substantially increase the performance of a state-of-the-art algorithm (PointNovo) trained
on augmented artificial data and tested on real data. This work highlights the potential improvements
that can be made to the utility of artificial spectra. Customisable test data in the form of realistic
artificial spectra would allow for the evaluation of de novo algorithms under all possible conditions of
both missing fragmentation cleavages and noise. Comprehensive algorithm evaluation and a greater
understanding of the underlying data are essential to the design and development of the next
generation of de novo peptide identification algorithms.
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Abstract
Background:

Antimicrobial resistance (AMR) genes are found to be ubiquitous within microbiomes, even when
antimicrobial usage is absent. To identify AMR phenotype, the most common method is to use a
laboratory-based assay. Yet, when dealing with microbiome samples, many species are difficult to
culture within the laboratory. To avoid this, a computational approach may be more favourable. AMR
gene finder tools are efficient at determining the AMR genotype, but they have a lower accuracy when
predicting AMR phenotype and they do not investigate the action of non-AMR annotated genes. To
address this, we generated 23 machine-learning (ML) models specific to the major drug classes of
therapeutic antibiotics to allow accurate prediction of AMR phenotypes from genotypic data.

Methods:

To evaluate the relationship between AMR phenotype and the organism's genotype, 16,950 genomes
from BV-BRC which had corresponding MIC values were used to build 23 decision tree (DT) models. Two
different types of DT models were developed based on the presence and absence of AMR genes and all
functional genes.

Results:

The DT models could predict AMR phenotype accurately using known AMR genes and from all functional
genes, the average accuracy was 91.7% and 92.2% respectively. The results found that gene co-
occurrence, presence and absence of AMR and non-AMR genes are key factors to analyse when
identifying AMR phenotype from genomic data. Our results highlight the downfalls of commonly used
AMR gene-finder tools. This emphasizes why we should continue to research the relationship between
AMR phenotype and genomic data.
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Abstract

Autophagy is a crucial and highly conserved catabolic process essential in the battle against intracellular
pathogens. Viruses have evolved several ways to alter the host defense mechanism. Likewise, PPRV also
interacts with components of defense system of the recipient host causing enhanced autophagy. In this
study, we demonstrated that PPRV N protein interacts with core components of the class Il
phosphatidylinositol-3-kinase (PI3K) complex that induces autophagy in the host cell. The LC-MS analysis
indicated the interaction of PPRV N protein with core components of PI3K-complex which were further
validated by co-immunoprecipitation and GST-pulldown assay. The immunofluorescence studies were
performed using confocal microscopy. The functional significance of these interactions was analyzed by
monitoring the autophagic activity in cultured cells. The proteomics data suggested the interaction
between PPRV N protein and cellular autophagy proteins. Co-immunoprecipitation data clearly showed
that viral N protein and PI3K-complex proteins interact with each other stably in whole cell lysates.
However, GST-pulldown assay showed that VPS34 protein of PI3K-complex interacts directly with PPRV
N. Furthermore, co-localization studies showed that viral protein nicely co-localizes with the host
proteins but the interaction does not affect the sub-cellular localization of the host protein. Formation
of autophagosomes was identified morphologically by transmission electron microscopy (TEM).
Immunoblot analysis of LC3B and p62/SQSTM1 indicated that PPRV N protein causes increase in
autophagic activity inferring to induction of autophagy. Together, our findings provided the evidence
that PPRV N protein has a critical role in the induction of autophagy mediated by PI3K complex of the
host.
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Background The impact of infectious diseases, particularly of viral origins, on human health is enormous,
exemplified by the COVID-19 pandemic. Viral infection is a complex process involving the interaction of
both viral and host components, and many viruses have developed strategies to hijack host cellular
pathways to enable propagation. One of the major reasons for a lack of effective interventions is limited
understanding of viral entry and replication and how these can be targeted to limit disease. Here we use
H1N1 influenza to demonstrate how high content imaging, alongside supportive assays and in vivo
models, can be used to screen for efficacy testing, and to determine the mechanism of action of
antivirals.

Methods Both primary and continuous cells were infected with HIN1, with or without antivirals over a
time-course and co-stained for viral structural elements or replication markers, together with host sub-
cellular localization markers. Images were taken using a Cell Insight CX7 HCS Platform. A range of
antivirals were screened for their ability to prevent HIN1-induced cell death in an MTT assay. A murine
infection model, testing antivirals, was also employed.

Results Antiviral screening showed inhibition of H1N1 infection in vitro and in vivo over-time. Specific
antivirals blocked H1N1 entry, replication or egress as shown by quantitative high throughput imaging-
based analysis of intracellular trafficking of the virus, supported by in vivo model data.

Conclusions Taken together, this screening platform combines in vitro and in vivo assays to offer a
powerful approach to identify novel antivirals or nAb.
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Abstract

Background: Human papillomavirus (HPV)-mediated Oropharyngeal Cancer (OPC) incidence is
increasing, with high-risk HPV16 and 18 causing ~86-90% of cases. OPC aetiology is not well established
but believed to be comparable with Cervical Cancer, where HPV infects traumatised epithelium such as
the tonsillar reticulated crypts. We will investigate the natural history of HPV within the oropharynx.

Methods: Biobank-sourced OPC sections (n=5) underwent p16 immunohistochemistry and HPV in situ
hybridisation (HPV ISH) for HPV confirmation as per current NHS guidelines. Multiplex
immunofluorescence was performed using CK7, EGFR, PD-1, PD-L1, ER and CD8 biomarkers, together
with HPV16 E2/E6/E7 and HPV18 E6 antibodies.

Our clinical study (Derby, Burton, and Leicester hospitals) recruits adults over 18 years undergoing
routine tonsillectomy. Participants donate non-cancerous tonsils and answer a short lifestyle
questionnaire on demographics, sexual behaviours and drinking/smoking habits. HPV-positive tonsils
identified by gPCR undergo histological characterisation and ancillary testing as above.

Results: Three OPCs were p16/HPV ISH-negative, with two OPCs p16/HPV ISH-positive. Both p16/HPV
ISH-positive samples demonstrated non-keratinising and keratinising (hybrid) morphologies. Two
p16/HPV ISH-negative samples demonstrated non-keratinising morphology, which is rare, as this is
synonymous with HPV infection. Unfortunately, HPV antibodies demonstrated non-specific staining,
with positive staining in negative controls and alternate tissue types.

Conclusions: Not all non-keratinising OPCs are p16/HPV ISH-positive, therefore it is not synonymous
with HPV infection. Commercially available HPV antibodies tested to date show non-specific staining.
The ongoing work will further understand OPC aetiology, and aims to establish alternative marker(s) for
HPV detection in clinical samples.
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Expanding the capacity of PrimalScheme algorithms to handle pan-species
variation

Dr. Josh Quick, Christopher Kent ORCID iD
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Abstract

During the last 3 years, amplicon sequencing has emerged as the dominant method for viral whole
genome sequencing, due to its low cost and high sensitivity. Due to the widescale adoption and
experience in Covid sequencing, this is an ideal and impactful time to further the ability of amplicon
sequencing.

One of the main issues with the current generation of PrimerScheme design is variation between the
primer and genome sequences cause reduced primer binding affinity, leading to amplicon dropout and
loss of coverage. The old method of handling this is to avoid regions with variation. However, once
variation reaches a certain point this "subtractive" approach leaves little to no available primers to use
in the scheme.

In this project, we have generated new methods which can handle variation, and Tm normalisation via
dynamic primer length, which vastly increases the number of available amplicons to use. These new
methods have enabled the generation of pan-virus schemes such as pan-measles and pan-RSV, which
have been designed to accommodate all variability currently found within the given TAXID.

A typing mode has also been generated, in which amplicons which the greatest Shannon entropy
(variance) are picked, to provide the most information with the least number of amplicons. This enables,
both differentiating between different virus species and the generation of typing information for the
virus strain. As intra-virus variance is often due to selection pressure, the regions covered are biased
towards regions of public health interest such as RBD and highly-antigenic sites.
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Abstract

Cancer is a major global disease because of its high morbidity and mortality. Although established
treatments such as surgery, chemotherapy and radiotherapy have improved patient survival, new
therapeutic approaches are needed. One approach involves oncolytic viruses which can be developed
using conditionally-replicating adenovirus (CRAD) vectors. These vectors are designed to replicate
selectively in cancer cells and kill them. We aim to develop CRADs as a potential therapy for pancreatic
and other cancers of the digestive tract using cancer-specific promoters. Initial studies have been
focussed on the identification of suitable cell lines that show either high or low levels of expression of
the CEACAMS protein that is often highly expressed in pancreatic cancers compared to normal
pancreatic epithelial cells. The activity of the CEACAMS5 proximal promoter (cloned in a reporter gene
plasmid) in such cell lines was tested using luciferase assays. This confirmed that the CEACAM5
promoter was specifically active in cells that expressed high levels of CEACAMS protein. The CEACAMS5
promoter was then incorporated into an Adenovirus 5 genome in place of the immediate early E1A
promoter by recombineering, for eventual intra-tumoral delivery of the virus. The Adenovirus 5 fibre
was also replaced with that of Adenovirus 35 to expand the cell tropism of the virus. The resulting
recombinant Adenovirus (pCEA-Ad5/F35) and the parental Ad5/F35viruses have been analysed by
transduction of the identified cell lines by cell viability (MTS) and viral replication (intracellular hexon
staining) assays. Results of these analyses will be presented.
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Abstract

Nanoparticles synthesized by the use of medicinal plants have been proven more beneficial in the field
of medicine. They can be used as an antimicrobial, antibiofilm, antitumor, and drug delivery agent.

Titanium dioxide nanoparticles were synthesized by using crude extract of Rosa indica , Titanium
butoxide [Ti(OBu)4] (precursor), and Ethylene Glycol. The change in color from orange to dark brown
confirmed the nanoparticle synthesis. The TiO2-NPs nanoparticles gave a characteristic peak at 294nm
in the UV-Visible absorption spectrum. FTIR spectrum showed peaks at 467cm-1, 554cm-1, 1070cm-1,
1390cm-1 and 1638cm-1. The range of 20 for the X-ray diffraction analysis set between 30°-80°,
revealed the Brookite structure of Titania nanoparticles. Agar well diffusion assay and MIC
determination showed growth inhibitory effects of TiO2-NPs and extract of R.indica on Bacillus, E.coli &
Pseudomonas. 2,3,5- Triphenyl-Tetrazoliumchloride reduction showed that non respiring cells appeared
creamy white, and viable cells appeared red in color on the plate around clear zones. Cell proliferation
MTT ((3-[4, 5- dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium bromide ) assay showed the change in
color in the presence of metabolically active cells.

With the increasing concentration of TiO2- NPs and rose extract slime production, bacterial cell
adherence, cell aggregation, planktonic cell density, tightly bound cells decreased significantly, which is
a clear indication of antibiofilm activity. Hence the synthesized nanoparticles are a good candidates for
biofilm dispersion/ detachment and have a killing effect on bacteria.
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Abstract
Background:

The most common organism that causing urinary tract infections in diabetic patients is Escherichia coli,
which is also one of the most common resistant bacteria in humans. Diabetic patients are more likely to
develop urinary tract infections due to frequent urination and high blood sugar levels. The aim of this
study was to determine the antimicrobial susceptibility of Escherichia coli isolated from diabetic patients
in Mogadishu, Somalia

Methods: This is a descriptive cross-sectional study conducted at Ummah Hospital, Mogadishu, Somalia,
from November 2020 to April 2021. Urine samples were taken from diabetic patients attending or
admitted at the hospital with target sample size of 350 participants. All samples were cultured in CLED
media (Himedia, India). Biochemical tests were performed to identify the isolated organisms. Kirby-
Bauer disc diffusion was used to determine antibiotic susceptibility.

Results: Out of the total 350 urine, E. coli was isolated in 220(63%). All isolates were found to be
resistant to cefpodoxime (100%). In addition, high resistance rates were observed with ofloxacin
(90.8%), ciprofloxacin (77.5%), amikacin (60.8%), ceftriaxone (58.3%) and cefepime (51.7%). The most
sensitive antibiotics were colistin and imipenem (99.2% and 88.3% respectively) followed by gentamycin
(70%).

Conclusions: The results of this study show high rates of antimicrobial resistance to ofloxacin,
ciprofloxacin, amikacin, ceftriaxone and cefepime. colistin, imipenem and gentamycin are considered
suitable for empirical treatment of E. coli in the study area. Continuous antimicrobial susceptibility
monitoring in both community and hospital settings is recommended.

Keywords: UTI, diabetes mellitus, E. coli, Antibiotic resistance, Somalia
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Abstract
BACKGROUND

Understanding chronic wound infection is limited by a paucity of relevant laboratory models. A model
with clinical relevance has value for wound care, diagnostics, antimicrobial stewardship, and advancing
knowledge of microbial interactions in complex biofilm infections.

METHODS

A biofilm flow device was modified to mimic the chronic wound environment. This included introducing
simulated wound fluid, a collagen-based 3D biofilm matrix, and a five-species mixture of clinically
relevant bacteria (Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia coli, Enterococcus
faecalis, and Citrobacter freundii). Total viable counts determined population composition over 14 days,
and reduction of resazurin for metabolic activity. Transmission electron microscopy and confocal
microscopy established biofilm architecture, and the efficacy of topical antimicrobial treatments was
determined by total viable count over 72h.

RESULTS

Mixed biofilms were cultured for 14 days with consistent numbers of bacteria that exhibited reduced
metabolic activity, which increased with a high dose of glucose. S. aureus was recovered from biofilms
as a small colony variant, but as a normal colony variant if P. aeruginosa was excluded from the system.
Bacteria within the biofilm did not co-aggregate but formed discrete species-specific clusters. Biofilms
demonstrated differential tolerance to the topical antimicrobials Neosporin and HOCI, consistent with
protection due to the biofilm lifestyle.

CONCLUSION

The modified a polymicrobial biofilm flow system simulated a chronic infected wound where the
bacteria therein exhibited characteristics matching those of real-world wound biofilms. This yields a
powerful in vitro tool that is versatile, inexpensive, and pivotal for understanding chronic wound
infection.
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Knowledge and practices regarding toxoplasmosis among High School and
University female students, and pregnant women: A cross sectional study in
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Abstract

This study retrospectively analyzed the seroprevalence of anti-T. gondii antibodies among a total of
2262 subjects during a nine-year period (January 2010 to December 2018) in Kuwait. We documented a
low level (540 of 2262; 23.9%) of seropositivity for T. gondii among all subjects. Although there was no
significant difference in seropositivity rate between male and female subjects, the number of
seropositive non-Kuwaiti females (294; 71.4%) was significantly higher than Kuwaiti females (118;
28.6%) (P<0.001%). The annual number of seropositive cases varied between 28-103 cases during the
study period. The age of subjects ranged from <1 to 90 years with a mean of 30.2 years (95% ClI: 29.6,
30.8). The mean age of seropositive female subjects (34.4 years) was significantly higher than that of
males (28.7 years) (P=0.001). Furthermore, the seropositivity was significantly higher in subjects >30
years of age in comparison with those <30 years of age (P<0.001). An overwhelming majority of
seropositive subjects had anti-Toxoplasma IgG antibodies (n=508; 94.1%) while both 1gG and IgM
antibodies were found in 29 (5.4%) subjects. Only 3 (0.5%) patients were positive for IgM antibodies
alone. The seroprevalence rates recorded in this study were significantly lower than the incidence of
53.1% for IgG and 13.8% for IgM anti-T. gondii antibodies reported earlier in a retrospective cohort
study conducted >10 years ago. The decreasing trend in toxoplasmosis seroprevalence in Kuwait is
attributed to improvement in economic and literacy status, and well-organized awareness campaigns by
increasingly modern health facilities throughout the country.
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Abstract

Most infections involve a biofilm component, and these infections are associated with poor patient
outcomes due to the intrinsically antimicrobial resistant (AMR) nature of cells when growing as a
biofilm. As well as this inherent resistance to antibiotics, it has been shown that horizontal gene transfer
(HGT) can occur within biofilms allowing evolution of high-level resistance. However, it is not clear what
factors influence the rate of HGT within biofilms.

To study this, we established a model multispecies biofilm community. A panel of Escherichia coli food
isolates were grown in competition with Salmonella enterica serovar Typhimurium, and viable numbers
of each species were measured over time. The E. coli and S. Typhimurium mixed species biofilms were
grown on different substrates and at different temperatures to test their stability under different
conditions. Marked versions of both species were created to monitor plasmid movement between
species within communities.

Three E. coli food isolates were found to co-exist and form stable communities with S. Typhimurium
(with no significant differences (p = 0.05) found between numbers of the two species on both glass and
steel beads) at both 37°C and 22°C. A range of common epidemic plasmids carrying different resistance
genes have also been characterised and assessed for their mobility in both species. We have used this
model to assess factors that impact the movement of an IncFll plasmid carrying blacrx.m-14 between the
species in different conditions. We describe here some key conditions that impact the development of
AMR within biofilms.
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Abstract

Liver resident macrophages, Kupffer cells (KCs), are essential in maintaining homeostasis of the liver and
the development of immunotolerance. Recent data in a murine sepsis model suggested Streptococcus
pneumoniae evades uptake by KCs through a serotype dependent manner. However, differences in
microanatomy between species can lead to translatability issues therefore, we aim to investigate if
serotype dependent uptake by KCs also occurs in a human liver segment perfusion model.

Authorisation was approved for the perfusion and infection of human liver segments and spleens
(ClinicalTrial.gov Identifier: NCT05255042, REC 21/PR/0287, and ClinicalTrial.gov Identifier:
NCT04620824, REC 18/EM/0057 respectively). Each organ was perfused with supplemented Oxyglobin
and infected with a cocktail of S. pneumoniae and Streptococcus mitis strains containing a mixture of
invasive and carriage serotypes for six hours. Samples were taken for bacterial counts and microscopy
analysis.

Serotype-dependent uptake by KCs was not observed in both 106 and 107 CFU doses. In comparison to
the spleen, majority of the bacteria were removed within less than an hour of infection at 107 CFU. At a
higher infective dose of 108 CFU, the spleen again was able to demonstrate effective killing independent
of serotype expression. Tissue resident macrophages in both organs was found to be associated with
bacteria.

The results in this study suggested that the role of tissue resident macrophages differs from each organ
and although KCs may not play a huge role in differential killing of pneumococcus, it does partake in
bacterial killing potentially at a lower efficiency compared to the spleen.
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The role of sub-species variation in Fusobacterium nucleatum in virulence of
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Abstract

Historically, Fusobacterium nucleatum has been described as a commensal organism, but discovery of its
role in the development of two of the most abundant non communicable diseases worldwide: caries and
periodontitis, along with the well-defined mechanisms in the development of colorectal cancer has led
to its emergence as an important human pathogen.

This Gram negative anaerobe has a complex genome that includes genes displaying a diverse
evolutionary origin, extending to those found in Gram positive and archaeal genomes. This complexity
extends within the species itself, with four assigned sub-species which cannot be distinguished through
traditional 16s rRNA identification.

We present an evaluation of sub-species variation in virulence and antimicrobial sensitivity through
virulence factor screening by PCR and in vitro testing against a panel of antimicrobial agents. These tests
have been validated on four test strains and extended to clinical isolates obtained from the oral cavity of
healthy volunteers.

Our approach seeks to establish how variation in the carriage and gene dosage associated with key
virulence factors relates to the development of pathologies including cancer. In addition, we wish to
understand how sensitivity to clinical and experimental antibiotics differs between sub-species and
individual isolates, and consequently evaluate different therapeutic approaches for targeting F.
nucleatum.

We hope that that our findings will provide a foundation for improved surveillance and treatment of this
pathogen.
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Combined effects of acetic acid, commercial vinegars and medical-grade honey
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Abstract

Vinegar and honey are common ingredients in historical and traditional medical remedies across time
and across cultures, often being combined to treat skin, wound and other soft-tissue infections. The
individual potential of these complex natural products to kill pathogenic microbes is reflected in current
clinical use of acetic acid and medical-grade honeys to treat wounds colonised with biofilm-forming
bacteria. We characterised a range of commercial vinegars and found that some vinegars had lower
MICs against Staphylococcus aureus and/or Pseudomonas aeruginosa than would be predicted from
their acetic acid content alone. In one case, this translated into vinegar having a much lower ECso against
mature biofilms than predicted from its acetic acid content, suggesting the presence of compounds that
potentiate or synergise with acetic acid to enhance biofilm-killing efficacy. Further, we assessed the
ability of selected vinegars, and acetic acid, alone and in combination with medical-grade honey wound
gels, to eradicate mature biofilms. Our results show potential for combined acetic acid + honey
treatments to yield synergistic activity against S. aureus biofilms, and for certain vinegar+honey
combinations to yield synergistic activity against both S. aureus and P. aeruginosa biofilms. There has
been very little research into the potential for vinegars to contain compounds which potentiate or
synergise with the antibacterial activity of acetic acid, and almost no published research into
combination acetic acid + honey dressings. Our results suggest that both of these research avenues
could produce useful suggestions for further development of effective bioactive dressings to combat
biofilm infection.
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Abstract

Background

The use of automated broth-microdilution systems for caspofungin antifungal susceptibility testing (AST)
for Nakaseomyces glabrata is prone to high inter-laboratory variation. We aim to review caspofungin
minimum inhibitory concentrations (MICs) of clinically significant N.glabrata isolates, as reported locally
and compare with reference laboratory results for the same isolate.

Methods

All clinically significant N.glabrata isolates from 2019-2021 inclusive were reviewed. Caspofungin MICs
were obtained locally using the VITEK2 system and strains were referred to the Mycology Reference
Laboratory for confirmatory testing via E-Tests. MICs were compared using categorical and essential
agreement.

Results

Of the forty-one isolates reviewed, marked discrepancies were noted in interpretative breakpoints
between assays, producing 16 Minor and Major Category Errors. Categorical agreement was found to be
22%, with the VITEK2 over-estimating resistance. Doubling dilution differences revealed an essential
agreement of 61% within +1 log2 dilution.

Conclusion

Performing caspofungin AST using broth-microdilution methods is prone to high inter-laboratory
variation, and potentially results in the mis-classification of susceptible isolates as highlighted in our
study. The use of E-tests has been shown to be highly reliable and not prone to inter-laboratory
variation. It may be worthwhile looking into adopting a similar testing approach locally from an
economic and patient-centred view.
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Abstract

Avian oncogenic viruses cause a significant burden both financially and to global food security within the
commercial poultry farming industry. Marek’s Disease Virus (MDV) and Avian Leukosis virus (ALV) are
two of the most notable. MDV is a highly contagious viral neoplastic disease in chickens resulting in T-
cell ymphomas. Avian leukosis virus is a retrovirus that can lead to B-cell ymphomas. Both viruses
currently cause sporadic outbreaks and are endemic globally. In MDV T-cell malignancies arise from
MDYV latent infection but the processes contributing to the transformed phenotype remains to be
thoroughly investigated. To identify essential genes of the transformed phenotype of host (HP8) cells we
performed a genome-wide loss-of-function screen in HP8 cells. We mutagenized an MDV-transformed
cell line with 75,000 sgRNAs. Cells lost during selection from the pool of sgRNA-transduced cells most
quickly could be identified by targeted PCR and sequencing. The HP8 cell line screen identified 281 host
genes uniquely essential to HP8 cells. ALV have a defined set of specific receptors for viral entry to host
cells, beyond these receptors less is known on genes required for ALV infection and replication. To
identify these genes, we used a similar methodology but subsequently infected with ALV-GFP virus in
combination with fluorescent associated cell sorting we identified 675 genes involved in viral infection
and replication. Using this unbiased systematic approach to analyse genes has the potential to guide and
increase our understanding of viral transformation in MDV and the requirements for ALV infection and
replication.
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Abstract

Catheter-associated urinary tract infections (CAUTIs) represent one of the major healthcare-associated
infections in Egypt. Pseudomonas aeruginosa is a common bacterium linked to CAUTIs, yet little is
known about P. aeruginosa isolates contributing to CAUTIs in Egyptian clinical settings. Between
October and November 2021, 31 isolates were recovered from the Urology and Nephrology Center,
Mansoura, Egypt. These were characterized phenotypically [antimicrobial resistance (AMR), biofilm
formation] and by whole-genome sequencing. They were confirmed to be P. aeruginosa based on
average nucleotide identity analysis with the genome of P. aeruginosa DSM 50071". The genomes
represented eight different multilocus sequence types — 244, 357, 381, 621, 773, 1430, 1667, 3765. AMR
testing (EUCAST) showed the isolates were highly resistant to quinolones, and to a lesser extent
tobramycin and cephalosporins. In silico analyses revealed all isolates encoded an arsenal of AMR genes
predicted to confer resistance to aminoglycosides, B-lactamases and fluoroquinolones, with many of
these (OXA-395, OXA-494, OXA-520, OXA-846, OXA-847, OXA-903, OXA-914, PDC-5, PDC-11, PDC-14, and
PDC-16) not previously reported in Egypt. One isolate carried a pBT2436-like megaplasmid, representing
the first report of such a genetic element in P. aeruginosa from the Middle East and North Africa region.
Isolates formed strong (24/31), moderate (6/31) or weak (1/31) biofilms. Characterization of their
biofilm-associated genes is ongoing. The present study represents a detailed analysis of P. aeruginosa
isolates contributing to CAUTIs in Egypt. Results will inform development of improved monitoring and
treatment regimens for CAUTIs in the source hospital and potentially throughout Egypt.
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Abstract
Background

Studies suggest that Streptococcus gallolyticus bacteraemia is associated with colonic tumours
(premalignant and malignant) and full bowel examination is recommended. Furthermore, these lesions
may serve as portals of entry for invasive infections. The aim of this study is to assess whether these
associations are noted through evaluation of treatment and referral pathways for S.gallolyticus
bacteraemic patients.

Methods

A retrospective chart review was performed for all inpatient presentations resulting in a positive blood
culture for S.gallolyticus from January 2015 to January 2020 inclusive. Demographic data, antimicrobial
therapy and investigative information including echocardiography, radiology and endoscopy was
noted.

Results

A total of 11 patients were identified, with an average age of 79 years. All patients suffered significant
co-morbidity. Each individual was treated with targeted antibiotic therapy, validated by follow-up
negative blood cultures. Echocardiography outruled infective endocarditis in all cases. Simple contrast
computerized tomography was performed for all persons, with a colorectal tumour identified in 1
person. 8/11 cases proceeded to undergo colonoscopy. 2 cases revealed adenocarcinomas, 3 cases
identified non-dysplastic adenomas, and the remainder was clear. There was no endoscopic follow-up.
The remaining 3 patients were neither referred nor had any evidence of endoscopic evaluation.

Conclusion

Majority of cases were in line with recommendations understanding the relationship between
S.gallolyticus and colorectal cancer. However, notable deficits lie in the absence of scheduled follow-up.
Whether this was due to patient preference, endoscopist decision or reassurance of a single negative
endoscopy report or clear radiographic imaging is unclear and further study is recommended.
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Abstract

Biothreat agents and pandemic capable pathogens can reside in a variety of different tissue types and
organs. Once they have set up in the host cells, the pathogens have evolved mechanisms making them
highly skilled at evading innate or adaptive immune responses. Thus, these pathogens can be highly
virulent and difficult to clear if left untreated. Treatment using antibiotics and antivirals have been
found to be very effective in managing infections, however total clearance of the pathogens is difficult
as the tissues they reside in can be inaccessible to therapies. Therefore, there is a demand to develop a
delivery system to target these hard-to-reach areas. Non-ionic surfactant vesicles (NISVs) have long
been used as a delivery system for drugs and vaccine adjuvants. These vesicles are well characterised
and can entrap both lipophilic and hydrophilic molecules. NISVs are very similar to an organic
counterpart, liposomes. However, NISVs can deliver the same results with reduced toxicity due to the
absence of phospholipids. NISVs also are readily modifiable, with the addition of bile salts to enhance
stability for oral drug delivery, and the addition of ligands to their membrane for use in cell receptor
targeting. Bile salt NISVs (bilosomes) can be used for the delivery of antibiotics (such as doxycycline,
levofloxacin, ciprofloxacin), while the ligand NISVs have been used to deliver antibodies across the blood
brain barrier (BBB). This PhD will explore the development novel formulations of the NISV for specific
tissue targeting and the oral delivery of antibiotics restricted to IV use.
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Abstract

Staphylococcus aureus is a dominant pathogen of cystic fibrosis (CF) airways. Gastroesophageal reflux
affects 80% adults and 40% children with CF resulting in bile aspiration into the lungs. We investigated
the impact of bile on biofilm formation by CF isolates of S. aureus. Using genetically related strains, ED83
and EDS86, isolated from the same patient we found that both formed biofilm in media containing bile
but, for ED86, biofilm formation was completely dependent on the presence of bile. Dispersal by
treatment with sodium metaperiodate but not proteinase K demonstrated biofilms were comprised of
polysaccharide. Exopolysaccharide poly-B(1-6)-N-acetylglucosamine (PNAG) mediates staphylococcal
biofilm accumulation with biosynthesis relying on the icaADBC operon. Quantitative RT-PCR established
icaA gene expression was upregulated upon addition of bile to the medium. Confocal microscopy and
western immunoblotting consolidated this by showing the quantity of extracellular PNAG produced by
bacteria grown in the presence of bile was greater than without bile. S. aureus biofilms grown in media
containing bile were significantly more resistant to dispersal by oxacillin. Similarly, biofilms formed in
the presence of bile better resisted disruption by human neutrophils than those without. In summary,
our data indicates that bile induces expression of the icaADBC operon, increasing production of
exopolysaccharide and that this protects the bacteria from the human immune system and antibiotics.
This suggests that bile is an important host signal that can alter the behaviour of S. aureus. Current
studies are focused on elucidating the molecular relationship between bile and sensorial networks in S.
aureus.
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Abstract

Salmonella enterica is a zoonotic pathogen of global importance, responsible for an estimated 93 million
cases of human non-typhoidal salmonellosis annually, with infections commonly acquired via the food
chain from farmed animals. Salmonella infection can range from self-limiting gastroenteritis, where the
bacteria are largely gut restricted, to invasive typhoid-like disease where Salmonella spreads
systemically to organs like the gallbladder, liver and lymph nodes. Colonisation of both the
gastrointestinal tract and gallbladder requires tolerance to bile, albeit at different concentrations,
making bile an important environmental cue. While the mechanisms of Salmonella bile resistance have
been well-studied in S. Typhimurium and, more recently, in S. Typhi, little is known about other
serovars. The aim of this study is to investigate bile resistance in invasive host-restricted serovars in
livestock including S. Dublin (cattle) and S. Choleraesuis (pigs), and gastroenteritis-causing S.
Typhimurium to understand serovar-specific differences in the type of disease caused. This will be done
by characterising the global transcriptomic responses of all three serovars using RNA-Seq following
exposure to host-specific bile at intestinal (3%) and gallbladder concentrations (10%) of ox-bile and
porcine bile. The involvement of two component systems (TCS) in bile resistance in S. Dublin will also be
investigated by screening of a library of 31 TCS sensor kinase (SK) transposon insertion mutants in 3%
ox-bile and identifying those with enhanced or reduced growth compared to the wild-type. Taken
together, these studies will inform how diverse Salmonella serovars survive in reservoir hosts.
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Abstract

Klebsiella pneumoniae is a leading cause of nosocomial and community acquired infections, making K.
pneumoniae the second pathogen associated with the most deaths attributed to any antibiotic resistant
infection. K. pneumoniae colonises the nasopharynx and the gastrointestinal tract in an asymptomatic
manner without dissemination to other tissues; importantly gastrointestinal colonisation is a requisite
for infection. Our understanding of K. pneumoniae colonisation is still based on interrogating mouse
models in which animals are pre-treated with antibiotics to disturb the colonisation resistance imposed
by the gut microbiome. In these models, infection disseminates to other tissues. Here, we report a
murine model to allow for the study of the gastrointestinal colonisation of K. pneumoniae without tissue
dissemination. Hypervirulent and antibiotic resistant strains stably colonise the gastrointestinal tract of
an inbred mouse population without antibiotic treatment. The small intestine is the primary site of
colonisation followed by a transition to the colon over time without dissemination to other tissues. Our
model recapitulates the disease dynamics of metastatic K. pneumoniae strains able to disseminate from
the gastrointestinal tract to other sterile sites. Colonisation is associated with mild to moderate
histopathology, no significant inflammation, and no effect on the richness of the microbiome. Our
model sums up the clinical scenario in which antibiotic treatment disturbs the colonisation of K.
pneumoniae resulting in dissemination to other tissues. Finally, we establish that the capsule
polysaccharide is necessary for the colonisation of the large intestine whereas the type VI secretion
system contributes to colonisation across the gastrointestinal tract.
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Abstract

Salmonella enterica is a zoonotic pathogen responsible for 93.8 million annual cases of gastroenteritis
globally. Livestock are a major reservoir of Salmonella and human infections are commonly a
consequence of handling or ingestion of contaminated food products. Salmonella serovars can broadly
be divided into generalists like S. Typhimurium that typically cause acute gastroenteritis in humans and
animals, and host-restricted serovars such as S. Dublin and S. Choleraesuis that cause systemic disease in
cattle and pigs, respectively, and occasionally in humans. Like other Gram-negative organisms,
Salmonella produces outer membrane vesicles (OMVs) that bleb from the bacterial surface during
growth and can play a role in pathogenesis by fusing to host cells to deliver virulence factors and
manipulate the host immune system. The aim of this research is to characterise the OMV proteomes of
S. Typhimurium, S. Dublin and S. Choleraesuis when exposed to intestinal levels of bile to identify
serovar-specific protein packaging that may relate to differences in the type of disease these serovars
cause in livestock. Strains were cultured in Luria-Bertani (LB) broth and in the presence of 1% ox and
porcine bile until late logarithmic phase of growth. Culture supernatants were collected, concentrated
and subjected to density gradient ultracentrifugation to purify OMVs, which were quantified using
nanoparticle tracking analysis and a bicinchoninic acid assay. Visualisation of OMV preparations using
SDS-PAGE indicates differences in OMV protein content between the serovars that are more
pronounced in LB than in bile. Mass spectrometry will be used to confirm these observations.
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Abstract

Cobweb disease, caused by members of the genus Cladobotryum is a major concern for growers of the
white button mushroom (Agaricus bisporus). Fungicides are currently employed to manage this disease,
however the number of approved fungicides is decreasing rapidly. Biocontrol agents are being
investigated as alternative, more environmentally friendly treatment options. In this work a large-scale
growth trial which investigated the treatment of cobweb disease during A. bisporus cultivation was
carried out. The resistance of two C. mycophilum strains (1546 & 618) was investigated against two
fungicides (Prochloraz-Mn and Metrafenone). Prochloraz-Mn could control both strains of C.
mycophilum with efficacy values of 73% against 1546 and 70% against 618 (p-value >0.05). Metrafenone
could only control strain 618 with efficacy of 96% (p-value >0.05) but was not effective against strain
1546. Two biocontrol treatments were also included in this trial. B. velezensis QST 713 is the active agent
in the commercially available biocontrol product Serenade ® while B. velezensis Kos is a novel strain
which has been shown to be inhibitory to C. mycophilum in vitro. The commercially available strain QST
713 was not effective against C. mycophilum 1546 in vivo. The novel Kos strain did show some efficacy
against the C. mycophilum in terms of reducing disease incidence (efficacy=30%) but did not perform as
well as the fungicide treatments. Fungicides will continue to play a role in disease treatment on
mushroom crops, however their role will be limited in the future necessitating the development of
novel, environmentally sustainable control strategies.
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Abstract

Burn wounds are frequently colonised with pathogenic bacteria resulting in infections, delayed healing
times, and increased cost of treatment. Acetic acid has antimicrobial, bactericidal, fungicidal, and
antibiofilm activity against a range of clinically relevant bacteria including Acinetobacter baumannii,
Pseudomonas aeruginosa, and Staphylococcus aureus. This study aims to increase our understanding
about the mechanism of killing of bacteria by acetic acid and to establish if acetic acid-resistant mutants
can arise. We found that at concentrations above 1% (v/v) acetic acid exerts bactericidal activity against
S. aureus by inducing lysis while we found the MIC values to be in the range of 0.04-0.16% (v/v) acetic
acid. To determine if acetic acid resistance can emerge spontaneously, we exposed P. aeruginosa, A.
baumannii and S. aureus to acetic acid concentrations close to the minimum inhibitory concentration
(MIC) [0.1-0.5%(v/v)]. No resistant mutants were recovered indicating that resistance is unlikely to
emerge in a single step following exposure to acetic acid. To determine if bacteria become more
tolerant to acetic acid following prolonged exposure to sub-MIC concentrations, we serially passaged S.
aureus and P. aeruginosa in medium containing % of the MIC. Following 15 serial passages we did not
detect any increase in tolerance to acetic acid. Our results highlight the promise that acetic acid holds as
an antibacterial agent that can decolonise sites such as infected burn wounds.
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susceptibility and virulence in Proteus mirabilis
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Abstract

Chlorhexidine (CHD) is a cationic biocide used ubiquitously in healthcare settings. Proteus mirabilis, an
important pathogen of the catheterised urinary tract, is often described as intrinsically "resistant" to
CHD containing products used for catheter infection control. To identify the mechanisms underlying
reduced CHD susceptibility in P. mirabilis, we subjected the CHD tolerant clinical isolate RS47 to random
transposon mutagenesis and screened for mutants with reduced CHD MICs. One mutant recovered from
these screens (designated RS47-2) exhibited ~ 8-fold reduction in CHD MIC. Complete genome
sequencing of RS47-2 showed a single mini-Tn5 insert in the waaC gene involved in LPS inner core
biosynthesis. Phenotypic screening of RS47-2 revealed a significant increase in cell surface
hydrophobicity compared to the wildtype and confirmed defects in LPS production congruent with waaC
inactivation. Disruption of waaC was also associated with increased susceptibility to a range of other
cationic biocides, and human serum but did not affect susceptibility to antibiotics tested.
Complementation studies showed that repression of smvA efflux activity in RS47-2 further increased
susceptibility to CHD and other cationic biocides, reducing CHD MICs to values comparable with the
most CHD susceptible isolates characterised. In vitro bladder models showed that formation of
crystalline biofilms and blockage of urethral catheters was also significantly attenuated in RS47-2. Taken
together, these data show that aspects of LPS structure and upregulation of the smvA efflux system
function in synergy to modulate susceptibility to CHD and other cationic biocides, and that LPS structure
is also an important factor in P. mirabilis crystalline biofilm formation.
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Abstract

Staphylococcus aureus is a leading cause of life-threatening nosocomial and community-acquired
infections. S. aureus was initially considered an extracellular pathogen, though cumulating evidence
demonstrates that it can invade a range of host cells. Nevertheless, the significance and pervasiveness of
the S. aureus intracellular lifestyle remain controversial. Here, we evaluated the ability of S. aureus to
invade, replicate and persist inside host cells, employing 191 S. aureus clinical isolates collected from
patients with bone/joint infections, bacteremia, and infective endocarditis. By applying fluorescence
microscopy-based infection assays and automated image analysis, we characterized in detail the
interaction of these clinical isolates with four host target cells, specifically epithelial and endothelial
cells, osteoblasts, and macrophages. This multiparametric analysis revealed that 187 out of 191 S.
aureus isolates (98%) invade host cells and that a large fraction of those replicates within infected cells.
Furthermore, most isolates persisted within host cells at 48h post-infection, particularly in macrophages
and endothelial cells. Nonetheless, the isolates presented distinct intracellular lifestyles in non-
professional or professional phagocytes. Phenotypic clustering of the isolates highlighted interesting
intracellular behaviours. Among these, a group of isolates exhibited a striking phenotype characterized
by high and prolonged intracellular replication, albeit inducing delayed host death both in vitro and in
vivo. We discovered that these isolates are deficient for the staphylococcal cysteine protease
staphopain A. Overall, this study demonstrates that the intracellular lifestyle is a prevalent feature of S.
aureus clinical isolates, highlighting the importance of eliminating intracellular bacteria for the effective
treatment of staphylococcal infections.
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Abstract

The burden of respiratory infections is a significant global concern, causing 4 million deaths annually.
Diagnosing these infections is challenging as patient symptoms are not always pathogen-specific and
culture as the ‘gold standard’ has limited sensitivity. Therefore, empirical treatment over directed
therapy if often necessary, hindering attainment of antimicrobial stewardship goals. Molecular
approaches such as the TagMan Array Card (TAC) represent a faster and more sensitive alternative.
However, these are higher cost and cover a limited breadth of organisms. To address these
shortcomings, this study developed a HT-qPCR respiratory panel (R-Panel) able to detect up to 93
respiratory organisms (viruses, bacteria and fungi) and antimicrobial resistance genes in 96 samples
simultaneously.

Samples originated from 157 Intensive Care Unit (ICU) suspected pneumonia patients, with documented
results from microbial culture and TagMan Array Card (TAC). We retrospectively analysed the BAL
extracts using our R-Panel, before comparing levels of pathogen detection across the three methods.

Only 79 (50%) samples yielded detection of at least one organism by culture. The R-Panel and TAC
demonstrated superiority for the detection of multiple organisms, and showed correlation with
detections for the majority of targets. 76.5% of targets were detected by both culture and the R-Panel.
In terms of concordance with culture, the difference between TAC and R-Panel was not statistically
significant (p=0.28).

The R-Panel developed in this study could be customised to detect both existing and emerging
respiratory pathogens and AMR genes. This would support timely, directed antimicrobial therapy to
improve treatment effectiveness and reduce antimicrobial resistance.
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Abstract

A cross-sectional baseline survey was conducted at Kibaha Town Council (KTC), Pwani Region (Tanzania),
to assess awareness and practices of smallholder dairy producers towards antimicrobial use (AMU). The
aim was to improve consumers’ confidence towards consumption of milk and other dairy products.
Quantitative data were collected from a total of 30 randomly selected respondents that keep dairy
cattle in 3 administrative wards of Tumbi, Picha ya Ndege and Maili-Moja. A structured questionnaire
was administered through face to face conversation between the interviewer and the interviewees. Six
other respondents participated in the Focus Group Discussions for qualitative data collection. Data were
analysed using the statistical package for social science (SPSS, Version 16) and Microsoft Office Excel
2010. There were more male respondents (63.3%) than female whereas the level of education was
primary (46.7%), secondary (33.3%) and tertiary level for remaining 20%. About 76.6% respondents
(Males 53.3% and females 23.3%) were using antimicrobial agents to treat lactating dairy cows, mainly
Oxytetracycline (OTC 20%), Penicillin and Peni-Strep, but respondents with tertiary education rarely
administered antimicrobials themselves. The common diseases being treated were diarrhea (46.7%),
mastitis (43.3%) and respiratory diseases (36.7%). A proportion of this milk with antimicrobial residues
was fed to calves (33.3%), sold to milk collection centres (26.7%), fed to other animals (26.7%) and little
was consumed by the family at home (6.7%). In conclusion, dairy producers administer antimicrobials to
lactating animals by themselves and thereby, posing health challenges among the milk consumers. We
advise them to avoid the unnecessary AMU.
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Abstract

Electrotransformation of genomic material into bacteria, including Gram-negatives such as Escherichia
coli, is a key tool for cloning and mutagenesis. However, the transformation efficiency (the relative
uptake of the aforementioned genetic material) remains limited in some bacterial strains, especially
with electroporation of large, foreign DNA (>10Kb). The aim of this research is to optimise
transformation efficiency to subsequently permit the utilisation of electroporation to transform bacteria
with bacteriophage genomes. The use of different transformation media and temperature was explored,
in addition to altering cell permeability through the use of a polymyxin antibiotic derivative, polymyxin B
nonapeptide. In this study, the electroporation efficiency of E. coli K-12 strain MG1655 and urosepsis
isolate CFT073 transformed with plasmid vectors was significantly improved, using a combination of the
methods mentioned above. Subsequently, a large plasmid vector was transformed by the novel
methods. Moreover, it was then shown that using the novel method for transformation, the genome of
a bacteriophage virus was transformed into strain MG1655 at an efficiency 480-folds greater than that
of the standard transformation protocol. This bacteriophage targets MG1655 and prototypic urosepsis
isolate CFT073. The transformation of MG1655 with bacteriophage DNA will permit phage genome
manipulation in a non-pathogenic background, to allow for eventual therapeutic use in the treatment of
urinary tract infections and sepsis resulting from infection with uropathogenic E. coli, such as strain
CFT073.
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Abstract

Biocides such as chlorhexidine (CHD) are widely used in infection control measures. The Gram-negative
pathogen Proteus mirabilis (P. mirabilis) frequently causes catheter associated urinary tract infections,
however clinical isolates are often tolerant to higher CHD concentrations than found in many clinical
products. Our previous work has identified highly tolerant clinical isolates which contain mutations that
modulate both efflux activity and cell surface charge.

We employed directed evolution approaches coupled with genomic and transcriptomic analyses to
determine the prevalence and impact of these mutations in P. mirabilis clinical isolates. We surveyed a
panel of ~550 genomes and mapped genomic to phenotypic changes in ~80 clinical strains. Expression
changes in significant genes, and cross-resistance to antibiotics and other biocides was assessed.
Virulence profiles were determined using serum-based assays.

Mutations which upregulate SmvA efflux pump expression were highly prevalent (60% of genomes) and
significantly associated with high tolerance to CHD and other biocides. Many of the more susceptible
clinical isolates contained mutations in lipopolysaccharide and surface charge modulation associated
genes. However, adaptation to CHD can reverse these mutations and significantly increase tolerance to
other biocides and membrane acting antibiotics. Increased virulence was also common in these isolates.

We have here demonstrated the high prevalence of mutations associated with CHD and biocide
tolerance within the wider P. mirabilis clinical population, as well as the potential for less tolerant strains
to gain these mutations through CHD adaptation. This leads not only to higher biocide tolerance, but
also increased virulence and cross-resistance to certain antimicrobials.
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Abstract

The aim of the project was to establish if the presence of glucose to kick-start microbial metabolism in a
complex biofilm, made the bacteria more susceptible to antimicrobial treatment.

Five of the most common species of bacteria that contribute to chronic wound infections were chosen
to create the biofilm (Staphylococcus aureus, Pseudomonas aeruginosa, Citrobacter freundii,
Enterococcus faecalis and Escherichia coli). These five species were cultured in an agarose-collagen
matrix and placed into a Duckworth Biofilm Device. Four assays were conducted and varied by being
supplemented with simulated wound fluid, simulated wound fluid and D-glucose, and with or without a
topical antimicrobial treatment (Neosporin). The bacteria were recovered at 24-, 48- and 72-hour
timepoints and community compositions were determined by total viable count using selective agars.

Data analysis showed no significance in the antimicrobial susceptibility of the bacteria in the presence of
glucose and the original hypothesis that glucose would raise the tolerance of biofilm bacteria to
antimicrobial treatment was rejected. Greater antimicrobial susceptibility and a reduction in bacterial
numbers over time was observed in the Gram-negative species between 48 and 72 hours, whereas a
slight increase in bacterial numbers was seen in the Gram-positive species in the same time frame under
the same conditions.

Although there was no significance in the data, the Gram-positive species within the biofilm showed a
slight decrease in susceptibility to antimicrobial treatment when metabolically active and reflects the
difficulties in the treatment of chronic wound infections for people with underlying health conditions
such as diabetes.
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Abstract

Non-typeable Haemophilus influenzae is a commensal-turned pathogen with emerging biofilm lifestyle
properties. In Chronic Obstructive Pulmonary Disease (COPD), a progressive inflammatory syndrome of
the lungs, NTHi proliferations account for approximately 25% of periodic acute exacerbations of COPD
that lead to hospitalisation. This research aims to characterise host-pathogen interactions using two
COPD lung-derived, biofilm-forming NTHi strains by co-culturing NTHi on a small airways epithelium
(SAE) grown at air-liquid interface (ALI) model system with improved pathophysiological relevance to
the COPD small airways.

The relative expression of 18 biofilm-associated genes were quantified by RT-gPCR and advanced
imaging techniques including fluorescence in-situ hybridisation (FISH) and biofilm matrix stains SYPRO
Ruby, Calcofluor White, Concanavalin A and TOTO-1 were used to assess differences in biofilm strategies
and structure between the NTHi strains. The integrity of the model system was also evaluated for de-
differentiation, cytotoxicity, tight junction barrier degradation and increased permeability using TEER,
LDH and FITC-Dextran assays, respectively.

Differences were detected in NTHi gene expression between NTHi strains, highlighting the particular
importance of genes conferring adhesin expression, hypoxia and oxidative stress tolerance and cell
surface modifications — all hallmarks of the biofilm lifestyle. Florescence imaging revealed extracellular
NTHi aggregates consistent with biofilm formation, and analysis of pro-inflammatory cytokine release
has demonstrated time- and strain-dependent host innate immune responses to NTHi biofilms
confirming that relevant host-pathogen interactions are occurring in the model. Together these findings
may help explain the persistence of NTHi in the COPD lung and may expose novel therapeutic targets
against NTHi biofilm strategies.
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Abstract

Aspergillosis is a lung infection caused by Aspergillus fumigatus affecting more than 3 million
immunosuppressed individuals annually. Novel drugs for aspergillosis are needed due to the prevalence
of azole-resistant A. fumigatus. The entomopathogen Beauveria bassiana and Aspergillus coexist in
insects, raising the potential of B. bassiana as a source of antifungals against A. fumigatus. To this end,
dual plating of B. bassiana and A. fumigatus was performed to determine candidate strains with
inhibitory effects. The inhibition was quantified by measuring radial growth of A. fumigatus in the
presence of B. bassiana on six commonly used fungal media. Finally, pre-inoculation of B. bassiana 2, 1,
and 0 days before A. fumigatus provided insights on potential time-dependent mechanisms. B. bassiana
strain ATCC 74040 has a statistically significant inhibitory effect (Student t-test, P-value<0.001) on A.
fumigatus as shown by an observable inhibition halo in dual plating. Among the 6 tested media, the
highest inhibition of A. fumigatus is seen in yeast extract sucrose (YES; 67.3%), followed by potato
dextrose agar (PDA; 52%) and Sabouraud dextrose agar (SDA; 40%). A statistically significant difference
(Student t-test) in inhibition of A. fumigatus is observed on PDA (P-value<0.001), YES (P-value<0.01) and
SDA (P-value<0.005) when B. bassiana is pre-inoculated 1 day as compared to simultaneous inoculation,
despite no significant differences in B. bassiana radial growth, suggesting the inhibition may be due to a
lag phase component. This finding provides a potential candidate for novel drug development against A.
fumigatus which is urgently needed to tackle azole-resistant strains.
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Abstract

Melioidosis, caused by the tropical, soil-dwelling bacterium, Burkholderia pseudomallei, is an infectious
disease which is often nicknamed “the Great Mimicker” due to its non-specific and varied clinical
presentations. Multiple organ involvement and sepsis are severe manifestations of the disease,
associated with the ability of B. pseudomallei to escape the initial site of infection and disseminate
systemically. However, the mechanisms and pathways involved in B. pseudomallei dissemination are
poorly understood. We hypothesise that by identifying bacterial factors involved in this process, we can
shed insight into this aspect of B. pseudomallei pathogenesis. Previously, Transposon-directed Insertion-
site Sequencing (TraDIS) was performed to identify novel B. pseudomallei virulence factors. We have
recently reanalysed this dataset to identify genes important for dissemination by comparing the
population of mutants that were capable of colonising the initial infection site of the lungs with the
population of extrapulmonary mutants found in the spleen. Candidate genes have been selected by
bioinformatic analyses for further characterisation, including genes encoding a chemotaxis protein and
an esterase. Unmarked deletion mutants for each gene have been constructed in the model organism
Burkholderia thailandensis, and characterised using a range of in vitro assays including infections in lung
epithelial cell cultures. Elucidating the role of these genes may provide insight into dissemination
mechanisms employed by B. pseudomallei, thereby increasing our understanding of B. pseudomallei
pathogenesis for the development of new therapies and diagnostics.
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Abstract

| am interested in understanding better the interactions between microbes in human airway infection
scenarios, and in particular, whether these interactions change if the system is perturbed e.g., through
the introduction of new species or following antibiotic challenge. In order to tease apart the ecological
interactions between species, we have developed a statistical-mathematical pipeline for analysing
microbial population dynamics data in the cystic fibrosis (CF) airways. The airways of people with CF are
frequently infected by a mixture of species, including well known pathogens such as Pseudomonas
aeruginosa (PA) and Staphylococcus aureus (SA). To investigate this further, we obtained time-series
data (containing information about species presence/absence for the period 2008-2020) from the UK
Cystic Fibrosis Registry. Based on these data, we have been able to establish the long-term ecological
relationship(s) between species e.g., whether pairs of species display commensalism, amensalism,
parasitism etc, along a rolling time-frame. Our data indicate that ecological relationships are shaped not
only by antibiotic treatment, but also by other forms of medical intervention. We have also been using
the pipeline to model inter-species interactions in an experimentally-perturbable in vitro polymicrobial
model of the CF airways. This has allowed us to quantify the ecological impact of mutating key genes,
and to study, in defined conditions, the influence of antibiotics on inter-species interactions. In
summary, we have developed a pipeline which accurately captures the dynamic nature of inter-species
interactions in complex, polymicrobial infection scenarios.
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Abstract

Infection with the stomach-colonising oncobacterium Helicobacter pylori is usually asymptomatic but
can lead to development of gastric adenocarcinoma. H. pylori secretes vacuolating cytotoxin A (VacA),
which induces vacuole formation and disruption of intercellular junctions in gastric epithelial cell lines
and contributes to pathogenesis. Effects of VacA on cell lines are clear, and although reproducible, cell
lines do not accurately represent the physiological epithelia or architecture of the stomach. Recently,
alternative approaches to model infection of the stomach have emerged, such as the use of primary
human gastric organoids. Using these models of infection may increase understanding of how VacA
contributes to gastric carcinogenesis. In this project a recently established healthy gastric organoid
mucosoid monolayer was used to determine whether different allelic forms of H. pylori VacA target
specific cells within the stomach and interrupt intercellular junctions. Cellular phenotypes were
characterised using immunofluorescence to confirm the presence of all relevant components of the
model, such as E-cadherin, MUC5AC, stem, parietal and chief cells. Organoid monolayers and AGS cell
lines were then exposed to extracts from H. pylori strains expressing the active (s1/i1) or inactive (s2/i2)
forms of VacA (s1/il or s2/i2). As expected, vacuolation was more prominent in cell lines exposed to the
s1/i1 form of VacA. No vacuolation was found in organoid monolayers, however. Live H. pylori cells will
be used in further work to determine whether this difference is also seen in a coculture system and
whether VacA targets specific cell types or disrupts intercellular junctions within the monolayer.
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Abstract

Non-typeable Haemophilus influenzae (NTHi) colonises the lungs of people with cystic fibrosis (CF) in
infancy. An understanding of early lung colonisers may become increasingly important as modulator
therapy progresses, which could stop patients progressing to “classic” chronic infection with later stage
pathogens, like Pseudomonas aeruginosa. There is currently little research on NTHi lung infection in CF,
compared with later stage pathogens.

| am using an ex-vivo pig lung model as a high validity model for respiratory infections, combined with
synthetic CF sputum media (SCFM) to mimic the nutritional composition of CF sputum. This is the first
time this model has been used for NTHi. | aim to answer key questions about how NTHi infection affects
CF lung disease progression including:

e What is the biofilm structure of NTHi on host lung tissue?

e Does the growth of NTHi as a biofilm in the lungs affects susceptibility to standard antibiotic
treatment?

e Does NTHi alter the lung environment to assist other CF pathogens to colonise the lungs?

| have optimised the formulation of SCFM for use with NTHi, determining that supplementation with
additional molecules found in CF lung mucus is required for biofilm growth in vitro. This was assessed
through growth curves and static biofilm assays. Using this supplemented SCFM, NTHi biofilm forming
ability, biofilm structure and antibiotic susceptibility can be assessed in the lung model. | will use this
optimised model to better understand the physiology and ecology of early-stage pathogen infection in
CF, and elucidate the role of NTHi in CF disease progression.
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Abstract

Staphylococcus aureus is a multi-drug resistant human pathogen responsible for a variety of diseases,
from skin infections to bacteraemia. Complement is a tightly regulated proteolytic cascade which
simultaneously labels microorganisms and recruits immune cells to facilitate phagocytosis. S. aureus has
the largest number of complement disarming proteins, collectively termed complement evasins (CE),
identified among pathogens. We are interested in understanding the individual contribution of CEs to
complement inhibition which could direct future therapies.

To measure S. aureus-mediated complement inactivation, we modified a serum bactericidal assay
employing complement susceptible E. coli incubated with normal human serum in the presence or
absence of S. aureus supernatant. We screened a panel of 14 genetically diverse S. aureus strains, which
indicated CE as a variable virulence trait. Next, we created mutants of all secreted CE in two S. aureus
genetic backgrounds and identified 3 key secreted proteins SCIN, SSL7 and aureolysin that cause
significant reduction in complement inactivation when disrupted.

Our assay was optimised to include computational colony counting permitting high-throughput
screening of 134 closely related genome-sequenced clinical isolates. Our results indicate that this
phenotype varies substantially even within the same clonal group. Genome-wide association studies
identified several hypothetical proteins associated with complement evasion. Lastly, we identified a
moderate correlation between CE and cytotoxicity, both secreted virulence factor phenotypes. We
highlighted the role of several two-components regulators important in CE but not cytotoxicity. Future
work will dissect the specific regulatory pathways of individual CEs, facilitating a greater understanding
of staphylococcal immune evasion mechanisms.



P069
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Abstract

Pseudomonas aeruginosa (PA) is designated by the WHO to be a critical priority pathogen. In many
airway infection scenarios, PA shares the niche with a veritable “zoo0” of other microbes, including Gram-
negative, Gram-positive and fungal species — yet little is currently known about how these co-habiting
species affect the response of PA to antibiotic challenge, or about how targeting of one species affects
the trajectories of others. These are the topics that | will be addressing in my presentation.

PA is a very aggressive pathogen, and has proven difficult to stably co-culture with other species in vitro.
However, this problem has been recently overcome with the introduction of a robust experimental
platform that allows us to stably co-culture PA in artificial sputum medium with other airway-associated
microbes, including Staphylococcus aureus (SA) and Candida albicans (CA), for long periods of time. All
three species frequently co-colonise the airways of people with cystic fibrosis.

We found that the presence of other species greatly enhances the survival of PA when challenged with
antibiotics, compared with survival of the species in monoculture. Some elements of this enhanced
resistance were heritable, whereas others are associated with phenotypic adaptation. The relative
efficacy of anti-pseudomonal antibiotics could be improved when they were applied in combination.
However, this combination therapy, which is a common tactic deployed in the clinic, inadvertently led to
a “blooming” of the fungal pathogen. The possible biochemical basis for this antibiotic-mediated
population remodelling (e.g. quorum sensing, virulence factors, Type VI Secretion etc.) will be discussed.
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Survival of Streptococcus dysgalactiae on soil and farm bedding substrates, and
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Abstract

Background: Streptococcus dysgalactiae subspecies dysgalactiae (SDSD) is the leading cause of
infectious arthritis (joint ill) in young lambs. This study aims to: (i) use laboratory-modelling of the farm
environment to determine SDSD survival on soil and bedding, in damp and dry states, and (ii) provide
farmers with practical guidelines for disinfection.

Methods: Sterilised unused straw, wood shavings, and soil, were added to universals either dry or
dampened with sterile water. A 0.5 McFarland suspension of a clinical SDSD isolate was added and
substrates were stored aerobically in a humidity-controlled incubator across 7 time points (1-21 days),
following an initial day O reading. Average temperature and humidity was deduced using real-time farm
data and were cycled in two-hour intervals over a 24-hour period. The study was repeated with the
addition of calcium oxide at laboratory conditions, for 10-60 minutes. Samples were cultured on
Streptococcal-selective media at 37°C.

Results: At day 14, there was a decrease in SDSD of 2.1 and 2.0 log average cfu/ml in straw and damp
straw, respectively; SDSD was unculturable by day 21. Soil and damp soil maintained SDSD survival
across all time points; by day 21, there was 0.5 and 1.3 log decrease in cfu/ml respectively. In wood
shavings, SDSD was unculturable at all time points. Calcium oxide addition rendered SDSD unculturable
after 10 minutes across all substrates.

Conclusion: The importance of a dry, clean lambing environment is highlighted, further supporting
current advice on bedding/pen management. Calcium oxide offers a potential disinfectant for SDSD.
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Abstract

Background In addition to reducing the burden of pathogens within the lung during an infection, it is
also essential to consider limiting aberrant immunopathology. To understand how to best screen novel
immunomodulators within the context of influenza infection, we have assessed a variety of in vivo and
ex vivo readouts, in both BALB/c and C57BL/6J mice.

Methods Animals were divided into six groups for influenza A/PR/8/34 infection (standard v high dose)
including controls. Bodyweight and clinical scores were monitored. At termination on day 6, plasma and
bronchoalveolar lavage fluid (BALF) were taken for cytokine detection. Lung immune cell infiltrate was
examined by flow cytometry. Lung tissue was taken for histopathology and viral titres. Additional
readouts such as BALF protein quantification and lung consolidation were used to assess gross lung
damage.

Results Following infection at day 6, cellular lung infiltrate shows a clear depletion of alveolar
macrophages in both strains indicating infection. While C57BL/6J mice presented higher survival, BALB/c
mice presented with higher clinical scores, tissue damage and levels of key inflammatory mediators such
as IL-6.

Conclusion Data from these key readouts differ between mouse strains, which likely supports the
differential skewing of the helper T cell responses of BALB/c and C57BL/6J mice. This data demonstrates
that mouse strain and influenza dose are critical when designing experiments to test the efficacy and
mode of action of immunomodulators. While both models are useful, influenza infection in BALB/c mice
provides a larger window for therapeutic intervention with novel immunomodulators.
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Abstract

Introduction: Entamoeba histolytica infections range from asymptomatic, intestinal amoebiasis to extra-
intestinal abscesses formation. The difference in the clinical outcome of the Entamoeba histolytica
infections could be attributed to genetic diversity and parasite intrinsic factors such as virulence, the
current study conducted to investigate Entamoeba histolytica strain diversity through the presence of
the main virulence gene (cysteine protease 5) in the asymptomatic samples and compared to the
symptomatic specimens. The study also examined the presence of another gene (phospholipase B) in
symptomatic and asymptomatic samples.

Materials and Methods: nested PCR was utilized to detect the cysteine protease 5 gene among 40
symptomatic and 57 asymptomatic samples of E. histolytica (all samples were identified as E. histolytica
by PCR prior to analysis). The phospholipase B gene was also targeted in the symptomatic and
asymptomatic samples using a nested PCR technique.

Results: for the cysteine protease 5 gene, 100% of the symptomatic samples were positive, yet only
75.43% of the asymptomatic samples were positive, a statistically significant difference. The
phospholipase B gene was also present in a significantly greater proportion of the symptomatic (80%)
than asymptomatic (59.65%) samples.

Conclusions: the significant differences in the presence of both genes, indicating variation in the genetic
makeup between symptomatic and asymptomatic samples of E. histolytica, results in differences in the
clinical outcome of the disease.
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Abstract

Mycobacterium avium subspecies paratuberculosis (MAP) is a widespread bacterial pathogen and is the
causative agent of Johne’s Disease. It appears worldwide, with large economic losses from the livestock
industry and it has been shown to be associated with Crohn’s Disease in humans — although, the
argument of MAP being zoonotic is still largely debated. Johne’s Disease affects the intestine of several
ruminant species including cattle, goats, and sheep; it has no cure, despite repeated efforts of
developing a number of diagnostics to combat the disease, producing an unclear picture of how we
move forward. However, emerging evidence within gut microbiome research and the environmental
preferences of MAP may unlock the answers needed to understand the transmission of this pathogen.
This project aims to take what we know and delve further into gut microbiome composition research,
alongside environmental assessments of selected farmland including soil and water sources, to
understand the effect of treatments and vaccines in parasitic and MAP co-infected animals - and to
hopefully develop improved preventative/control measures. The first year of this project has focused on
developing and optimising a qPCR assay, to improve the detection and quantification of MAP in
environmental and faecal samples, with hopes of applying said optimised assay into current
identification and diagnostics. Over time, we expect to apply our findings to the real-world, which will
hopefully improve the outcome of livestock affected by Johne’s Disease.
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Abstract

Inverse autotransporters, or type 5e secretion systems, are adhesins of Gram-negative bacteria
exemplified by intimin of enteropathogenic and enterohaemorrhagic Escherichia coli. The adhesive
extracellular region of intimin (the passenger) is exported through the outer membrane-embedded B-
barrel domain through a hairpin-like intermediate. The energy for folding is provided by the sequential
folding of individual domains in the passenger. We have solved the crystal structures of the outer-
membrane proximal domains DOO and DO, which are both immunoglobulin (Ig)-like domains. However,
whereas DO is structurally very similar to the D1 and D2 domains of intimin, DOO is more divergent. DOO-
like domains are predicted at the N-terminus of most inverse autotransporters, and recent crystal
structures from other representatives of the family confirm this prediction. The connector between DOO-
DO forms an S-shaped hydrophobic loop that appears to confer a rigid orientation to the DO0-DO
tandem. By contrast, the connections between D0O-D1 and D1-D2 are flexible. Making the DO0-DO
connector flexible by replacing the residues with glycine and serine did not have an effect on the
stability of the domains but had a drastic effect on protein levels in vivo. Simulations show that the rigid
connector between D00-DO increases the reach of the adhesin, whereas the flexibility between DO, D1
and D2 domains allows the distal adhesive D3 domain to adopt the optimal orientation for receptor
binding. Thus, alternating rigid and flexible regions within the intimin passenger are important for its
function.
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Abstract
Background

Aspergillus fumigatus is an opportunistic pathogen and is rarely the sole isolate from an infected lung, it
often interacts and competes with bacterial pathogens in the microenvironment. Previous work has
demonstrated Pseudomonas aeruginosa has antagonistic physical and secretory affects on fungal
development, similar affects are attributed to Klebsiella pneumoniae physical interactions although little
is known about the secreted factors contributing to the observed affects.

Methodology

Cultures of A. fumigatus (48 hrs) were exposed to 25% (v/v) K. pneumoniae culture filtrate and the
effect on wet weight and gliotoxin production was assessed after 24 hours. Qualitative proteomic
analysis was employed to identify possible inhibitory proteins in K. pneumoniae culture filtrate. Label
free quantitative proteomics was used to characterise the changes in the A. fumigatus proteome
following exposure to K. pneumoniae culture filtrate

Results

Exposure of A. fumigatus to K. pneumoniae culture filtrate inhibited fungal growth and increased
gliotoxin production. Qualitative proteomic analysis of the K. pneumoniae culture filtrate identified
proteins associated with metal sequestering, enzymatic degradation and redox activity which may
impact fungal development. Proteomic analysis of A. fumigatus revealed reduced abundance of proteins
involved in fungal growth and development and increased abundance of proteins encoded by 5 of the
12 genes associated with the gliotoxin biosynthesis cluster

Conclusion
Exposure of A. fumigatus to K. pneumoniae culture filtrate results in a reduction in growth but an

increase in gliotoxin production and in the abundance of associated proteins. Such an interaction in vivo
could exacerbate infection, having adverse patient implications.
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Abstract

Numerous pathogens are capable of causing ventilator associated pneumonia (VAP), including
Pseudomonas aeruginosa, Klebsiella pneumoniae and Candida albicans. Here, we showcase a
reproducible model that simulates the chemical, biological, and material environment of biofilms
implicated in VAP. Defined as a pneumonia occurring after more than 48 hours of mechanical ventilation
via an endotracheal tube (ETT) or tracheostomy tube, VAP results from biofilm forming on the ETT and
seeding the lower airways with pathogenic microbes. The prevalence of VAP varies between 9-65% with
mortality rates as high as 76%. Furthermore, VAP drives the use of broad-spectrum antibiotics, adding to
already high selection pressures and further increasing antibiotic resistance. Currently there is a lack of
accurate in vitro models of the VAP environment. This greatly limits our understanding of how the VAP
environment alters pathogen physiology and the efficacy of existing and novel therapies. In our biofilm
model each of the critical pathogens are grown on ETT segments in the presence of a novel synthetic
airway surface liquid (ASL) growth medium and porcine trachea to simulate the VAP environment.
Antibiotic susceptibility testing (AST) in this model reveals that these pathogens require far higher
concentrations to eradicate, if eradicated at all, compared to when grown under the standard laboratory
conditions usually employed for AST. Our model can be used to inform on how the VAP environment
alters biofilm formation and antibiotic susceptibility. This model is a promising platform for the testing
of new and existing therapies to tackle VAP.
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Abstract

Clostridioides difficile is an antibiotic resistant bacterial human pathogen that colonises the large
intestine in the absence of a healthy competing gut microbiota. Current treatments for C. difficile
infection (CDI), the most common cause of healthcare-associated gastrointestinal disease, entail use of
antibiotics that perpetuate gut dysbiosis and enable disease recurrence. This highlights an urgent
requirement to further understand the fundamental biology of this pathogen so novel therapies can be
sought. A promising, albeit unexploited, target for new therapeutics is the process by which C. difficile
forms spores, dormant cell forms resistant to environmental stressors and the primary CDI infectious
agent. Sporulation begins with an asymmetrical cell division, and entails substantial peptidoglycan
remodelling as the smaller forespore is engulfed by the larger mother cell prior to spore maturation. The
molecular details of sporulation require further unravelling to find potential pharmaceutical targets to
interrupt this process, thereby eliminating the CDI transmission route. SpolIP is a dual amidase and
endopeptidase involved in peptidoglycan remodelling during engulfment, but the localisation of SpollP
in vivo and the identity of its endopeptidase catalytic residues remain unknown. Previous work has
identified two cleavage sites targeted by the SpolVB2 peptidase, proposed to be a mechanism of
liberating enzymatically active SpollP isoforms. Our current work seeks to further investigate this, with
each isoform having been generated using inverse PCR and tested for enzymatic activity using
peptidoglycan digestion assays. By furthering understanding of the mechanisms of forespore
engulfment, the crucial pursuit of novel CDI therapies will be aided.
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Abstract

Klebsiella pneumoniae (Kp) presents a major threat to global health. Previous studies have described
multiple methods to generate Kp vaccines, from live-attenuated, vesicle, to conjugated vaccines. Despite
this, no vaccine currently exists that can prevent Kp infection or reduce virulence. One reason for this
may be the vast genetic of Kp. To investigate how this diversity impacts antibody responses, a collection
of 175 clinically relevant isolates was procured and characterised. From this collection, outer-membrane
vesicles (OMVs) were harvested from 5 isolates and used to immunise mice. The resulting 5 groups of
polyclonal sera were harvested, characterised, and screened against live isolates using high content
imaging (HCI). We found that the OMV derived polyclonal antibodies were cable of both homotypic and
heterotypic binding to extracted OMVs, proteins and polysaccharides. Screening all 175 isolates against
the 5 serum groups and a mixed serum group using HCl revealed that the polyclonal antibodies were
only cable of strongly binding (binding >70% of bacteria imaged) 3-25 of the isolates and binding 39-133
of the isolates binding weakly (binding <30% of bacteria imaged) depending on serum group. This study
represents the first use of HCl to screen an antibody response against a large collection of Kp isolates.
We have demonstrated that OMV derived antibodies are capable of binding a number of unrelated
isolates, however this is likely to be a small section of global Kp population. Future work will focus on
investigating isolate characteristics that contribute to antibody binding, in order to increase isolate
coverage.
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Abstract

Extra-intestinal pathogenic Escherichia coli (EXPEC) is a major cause of urinary tract infections,
bacteraemia and sepsis. CFT073 is a prototypic, urosepsis isolate. This laboratory, among others, has
previously shown that strain CFT073 is serum-resistant, with virulence factors such as the
exopolysaccharide capsule and other extracellular polysaccharides imparting resistance to the
complement system. In this study, the regulation and interplay of lipopolysaccharide (LPS) and capsule
in CFT073 serum resistance was further characterised, with surface charge being implicated as a major
determinant to cell integrity, association of exopolysaccharides with the cell and subsequently, serum
resistance. Additionally, it was shown that culture supernatants were protective in standardised serum
killing assays, when compared to fresh medium. Diluting cultures in fresh medium in place of
conditioned medium significantly increased sensitivity of CFTO73 to serum, indicating that a secreted
factor may provide resistance to serum. Haemolysin, a pore-forming toxin, is secreted by CFT073 in a
calcium-dependant manner. A CFT073 hlyA mutant is significantly more sensitive to 50% serum than the
wild-type, implicating haemolysin in the response of CFT073 to serum. In addition to acting as a toxin
upon secretion, it has been shown that HlyA forms a complex with LPS and can modulate host immune
responses whilst cell associated. The effect of the LPS-HIyA complex on capsule expression and serum
resistance was examined and characterised. This study is the first to identify haemolysin as a virulence
factor promoting resistance to serum in CFT073, acting as both a secreted factor and whilst associated
with the cell.
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Abstract

Periodontitis is caused by a combination of oral biofilms and host immune responses mounted towards
pathogens in these biofilms. Neutrophils are the dominant innate immune cells in gingival tissues and
the oral cavity, where their antimicrobial responses not only kill bacteria, but also cause collateral tissue
damage, promoting chronic inflammation. Fusobacterium nucleatum, an anaerobic opportunistic
pathogen, is a key structural organism in periodontal biofilms. Five subspecies are known to date:
animalis, fusiforme, nucleatum, polymorphum and vincentii. While the subspecies-specific
immunogenicity has been investigated in neutrophil-like cell lines, immune responses by human
neutrophils are largely understudied.

Human neutrophils isolated from peripheral blood were stimulated with planktonic and biofilm-grown F.
nucleatum subspecies. Generation of intra- and extracellular reactive oxygen species (ROS) was
guantified, as well as formation of neutrophil extracellular traps (NETs). Secretion of anti- and
proinflammatory cytokines, neutrophil elastase and matrix metalloproteinase-9 was quantified by
enzyme-linked immunosorbent assay (ELISA). Phagocytosis by neutrophils was assessed using flow
cytometry.

ROS and NETs production stimulated by planktonic and biofilm-resident F. nucleatum subspecies will be
discussed. Differential cytokine profiles as well as production of antimicrobial enzymes by neutrophils
will be shown. Phagocytic ability of neutrophils will also be presented.

Apart from its association with periodontitis, F. nucleatum has also been described in systemic diseases
(colorectal cancer for example). Understanding subspecies-specificimmunogenicity and pathogenicity of
F. nucleatum can help unveil novel bacterial and/or biofilm targets for antimicrobial therapies as well as
neutrophil targets to mitigate tissue damage in periodontitis and systemic diseases.
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Abstract

Periodontitis is the leading cause of tooth loss in adulthood, driven and propagated by a dysbiotic shift
in the subgingival pathogenic plaque biofilm and characterized by a dysregulated and excessive
inflammatory host response. Morin, a natural botanical substance, has been widely shown to have
antimicrobial properties, and therefore offers potential for use in the management of periodontitis. This
study aims to evaluate the antimicrobial activity of mucoadhesive systems containing morin, against
periodontal pathogens. These systems improve morin’s solubility stability and allow sustained release of
morin, thereby enhancing the therapeutic potential. Periodontal bacteria, Porphyromonas gingivalis
(W83) and Fusobacterium nucleatum (Fn/23), grown both as a biofilm and planktonic culture, were
treated with the system. For both, the system containing morin (2mg/mL of morin) and control (system
without morin) were added to respective wells at the beginning of the experiment. For planktonic
cultures any inhibitory effects were determined with both turbidity assessment and by counting colony
forming units (CFU). A live/dead staining assay and CFU counting were utilized to determine the effect of
the system on bacterial viability in mature biofilms. Microbial viability for both P. gingivalis and F.
nucleatum (Log CFU/mL — planktonic culture and mature biofilm) and the turbidity (planktonic culture)
reduced after exposure to the morin system compared with the control. Images of mature biofilms using
the live/dead staining assay and confocal microscopy, confirmed the CFU/mL findings. Results suggest
that the system containing morin is capable of inhibiting two key periodontal pathogens and offers
therapeutic potential.
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Abstract

Indwelling urinary catheters are used extensively for long-term bladder management. However, they are
associated with high infection rates; catheter associated urinary tract infections are the most prevalent
source of healthcare-associated infection. A primary cause of catheter blockage is colonisation of the
catheterised urinary tract by the urease producing bacteria Proteus mirabilis, which forms extensive
crystalline biofilms. Blockage can initiate the onset of serious medical complications. In response, we
have developed a novel infection-responsive catheter coating, to simultaneously provide early warning
of blockage, and reduce crystalline biofilm formation. The coating comprises of a pH sensitive upper
layer of poly(methyl methacrylate-co-methacrylic acid) and a base layer of poly(vinyl alcohol) loaded
with therapeutic agents and a fluorescent dye (5(6)-Carboxyfluorescein). Elevation of urinary pH due to
P. mirabilis urease activity results in the dissolution of the upper layer and release of the therapeutic
agents and dye contained in the base layer. Release of the dye into the urine provides a visual indicator,
and an early warning of potential catheter blockage. An In vitro model of the catheterised urinary tract
was used to evaluate the efficacy of coatings loaded with either acetohydroxamic acid (a urease
inhibitor) or ciprofloxacin (as therapeutic agents). A significant increase in blockage time was observed
when 5 mg mL* acetohydroxamic acid and 5 mg mL™ ciprofloxacin were individually incorporated into
the coatings. This theragnostic coating constitutes a promising strategy for the localised delivery of
therapeutic agents to delay urinary catheter blockage by reducing crystalline biofilm formation.
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Abstract

Mycobacterium avium subsp. paratuberculosis (MAP) is a contagious bacterium that causes the chronic
and enteric Johne’s disease in ruminants such as cattle. Johne’s disease affects the small intestines and
is characterised by gut inflammation and diarrhea. MAP is transmitted via the faecal-to-oral route and
invades the gut epithelium of the small intestines through poorly characterised mechanisms. Microfold
(M) cells are specialised immune cells of the gut epithelium that have been described as portals of entry
for several gut pathogens. These cells can be induced in culture through receptor activator of nuclear
factor-«B ligand (RANKL) stimulation. We used a murine 3D enteroid model to show that M cell
abundance does not correlate with increased MAP infection. RT-qPCRs from in vitro enteroid
experiments showed that markers for M cell expression (GP2, SpiB, Sox8 and CCL20) were significantly
increased following RANKL treatment. GP2 and bacterial invasion were also visualised by
immunohistochemistry and confocal microscopy. Increased M cell abundance did not correlate with
increased MAP infection.

However, another invasive enteric bacterial pathogen, Salmonella enterica serovar Typhimurium, did
exhibit increased intracellular bacteria in enteroids when M cells were stimulated. This suggests that
Salmonella Typhimurium uses M cells for increased invasion of enteroids. Our data suggest that MAP
uptake and survival is not M cell-dependent, and that MAP may be taken up by other cells. A thorough
understanding of early entry mechanisms of MAP into the host gut may aid the development of novel
strategies to reduce transmission and prevalence of Johne’s disease.
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Abstract

Staphylococcus aureus (S. aureus) is a leading cause of bacteraemia, a life-threatening infection of the
bloodstream. For the last two decades, the mortality rate from S. aureus bacteraemia has remained
consistently high, highlighting the need for novel therapeutics to improve patient outcome. In previous
work, we used a combination of functional genomics and in vivo competition assays to identify the TcaA
protein as a novel virulence factor critical for the ability of S. aureus to cause bacteraemia. Here, we
show that expression of TcaA is induced upon exposure to human serum and that this mediates an
increase in wall teichoic acid (WTA) content in the cell wall. We found that this response alters the
sensitivity of S. aureus to several antimicrobial agents, including peptides and fatty acids present in
human serum, and several antibiotics with distinct mechanisms of action. Currently, we are investigating
how this response contributes to virulence, our hypothesis being that this response increases the ability
of S. aureus to adhere to epithelial and endothelial cell lines under flow conditions, promoting survival in
the bloodstream and organ dissemination. To understand how TcaA contributes to WTA biosynthesis
upon entry to the bloodstream, we are performing co-immunoprecipitation (Co-IP) experiments on
cultures uninduced and cultures where tcaA expression is induced by serum. Collectively, our data
demonstrates that TcaA contributes to S. aureus virulence by altering cell wall architecture, a process
which is critical for full virulence of S. aureus during bacteraemia.
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Abstract

Pseudomonas aeruginosa and Staphylococcus aureus have been deemed critical and high priority
pathogens, respectively, due to high levels of resistance (WHO, 2017). The novel N-heterocyclic carbene
(NHC) silver(l) acetate complex, SBC3, derived from 1,3-dibenzyl-4,5-diphenylimidazol-2-ylidene (NHC*),
has previously shown strong activity against bacterial pathogens, yet little is known about the mode of
action.

Label-free quantitative proteomic analysis was employed to ascertain protein abundance changes in P.
aeruginosa (Gram-negative) and S. aureus (Gram-positive) exposed to SBC3. Following protein
extraction and peptide purification, peptides were loaded onto a QExactive LC-MS/MS mass
spectrometer. MS/MS data were processed through the Andromeda Search engine MaxQuant v.1.6.3.4
using P. aeruginosa PAO1 and S. aureus NCTC 8325 databases. Statistical and graphical analyses were
carried out by processing the resulting LFQ values through the statistical software tool, Perseus
v.1.6.6.0.

Both cell types demonstrated increased abundances of outer membrane and cell wall
organization/synthesis proteins. Increased abundances of drug efflux, alginate biosynthesis and cell
redox homeostasis in P. aeruginosa were indicative of a cell stress response. S. aureus showed increased
abundance of proteins associated with cell redox homeostasis and DNA repair. Anaerobic respiration,
the type Il secretion system, twitching motility and ABC transport were significantly decreased in SBC3-
treated P. aeruginosa. Protein synthesis, cell redox homeostasis, protein lipoylation and virulence
protein pathways were significantly decreased in S. aureus.

The results provide insight into the differential mode(s) of action of a novel silver-based formulation and
highlights the potential for the treatment of Gram-positive and -negative mono or dual-infections.
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Abstract

Background: Cronobacter sakazakii is an opportunistic food-borne pathogen predominately associated
with infant formula, with current inhibition methods reliant on manufacture and reconstitution
guidelines. Fatty acids are gaining interest as potent antimicrobials which are safe to consume. This
research explores the efficacy of fatty acids as antimicrobials to combat C. sakazakii.

Methods: Oleic acid, linoleic acid and a-linolenic acid ranging from 31.25uM to 1000uM, were
individually introduced to overnight C. sakazakii cultures. The impact of each exogenous fatty acid was
observed in terms of bacterial viability and virulence. Growth over 24-hours was recorded using a
FilterMax™ F5 Microplate Reader at 37°C. Biofilm formation, a key virulence trait, was assessed using
the Crystal Violet assay. All results were statistically examined and graphed using Minitab™.

Results: a-linolenic acid concentrations as low as 31.25uM reduced growth when compared to the
positive control, while oleic acid and linoleic acid were not shown to significantly impact growth. A 1-log
reduction of the bacterial culture was observed following incubation with 1000uM a-linolenic acid. This
is theorized to be due to reduced membrane integrity leading to cell lysis. Oleic acid and linoleic acid at
125uM reduced biofilm formation by 47.9% and 46.8% respectively, while the same concentration of a-
linolenic acid resulted in a 52.5% reduction when compared to the positive control.

Conclusion: Exogenous polyunsaturated fatty acids including a-linolenic acid reduce the growth and
biofilm formation of the food-borne pathogen C. sakazakii. This data may inform novel inhibition
approaches.
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Abstract
1.Introduction:

CF lung infections are polymicrobial in nature. Traditional diagnosis of CF infection identifies priority
microbial pathogens after growth which does not capture the full diversity of microorganisms present.
We used culture-independent approaches to explore fungal community composition in adult CF patients
who had participated in the OligoG phase 2b clinical trials.

2.Methods:

To examine the fungal diversity, total sputum DNA from 45 Pseudomonas aeruginosa (PA) and 13
Burkholderia cepacia complex (BCC) infected individuals was analysed by next generation sequencing
(Hlumina) of the ITS2 region. ITS2 sequences were processed using QIIME2. Downstream analysis was
conducted with R statistical software.

3.Results:

A total of 2600 different Amplicon Sequence Variants (ASVs) were identified across the dataset
indicating the presence of multiple fungal taxa. Filtering to a threshold of 4000 sequence reads resulted
in 2 samples being excluded; 1510 ASVs were present across the remaining 56 samples. Comparison of
the PA versus BCC samples demonstrated less fungal diversity in CF adults infected with BCC (Simpson
index; p-value 0.04). Non-metric multidimensional scaling analysis of the fungal community composition
also demonstrated fungal diversity differences between the BCC and PA infected patients. Candida
albicans, Candida dublinensis, Candida parasilosis, Aspergillus, Diutina, Fusarium, Podoshaera, and
Aurobasium species were the most common fungal taxa encountered in both PA and BCC infected
individuals.

4. Conclusion:
Initial mycobiome analysis of CF individuals who participated in the OligoG clinical trial shows that P.

aeruginosa infected CF patients harbour a different fungal diversity to B. cepacia complex positive
individuals.
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Abstract

Pseudomonas aeruginosa is an opportunistic pathogen that causes chronic pulmonary infections in
Cystic Fibrosis patients, dominating and damaging the lung environment. P. aeruginosa can deliver
bacterial-derived toxins into competing neighbours to inhibit growth or kill via the contact-dependent
inhibition (CDI) systems. However, the role of CDI systems in Pseudomonas infection in Cystic Fibrosis
clinical isolates remains unclear. Here we bioinformatically and experimentally investigate the CDI
systems encoded in P. aeruginosa strain PA14. Using bioinformatics, genetic domains were elucidated
and evaluated to determine putative toxin-immunity module functions. We show that PA14 encodes
two CDI systems with putative tRNase activities and demonstrate that both CDI systems encode a
functional toxin/immunity pair, further supporting their role in antibacterial activity. We constructed
whole operon deletion mutants and see no impact of these systems upon motility or biofilm formation.
However, we show a role for both systems in interbacterial competition. Finally, we identified regions
conserved between and within genetically distinct system types to produce recombinant proteins for
antibody production for use as a tool to determine CDI activation status in clinical isolates. Our study
further delineates the genomic organisation and role of CDI systems in P. aeruginosa interbacterial
competition which may contribute to the niche dominance observed in P. aeruginosa infection. We
propose the use of competitive systems as a mechanism of P. aeruginosa dominance in the Cystic
Fibrosis lung.


https://orcid.org/0000-0002-0206-1128
https://orcid.org/0000-0003-3506-1199
https://orcid.org/0000-0002-0313-9265

P0O89

Pyrones as cross species modulators of virulence potential

Muireann Carmody ORCID iD, Gerard McGlacken ORCID iD, F. Jerry Reen ORCID iD

University College Cork, Cork, Ireland

Abstract

Understanding of the complexity of microbial signalling and communication networks has grown in
recent decades following disruptive discoveries in quorum sensing, interspecies, and interkingdom
communication. However, the field of interspecies and interkingdom communication remains a
challenging interface where signalling, coercion, and cues occur spatiotemporally to influence the
dynamics of mixed microbial communities in their host ecosystems. In gram-negative bacteria, the
classical quorum sensing (QS) system usually consists of a LuxI-type autoinducer synthase that produces
a small signalling molecule and a LuxR-type receptor that detects this small molecule to control
expression of specific genes. The era of genomics revealed that many species of bacteria encode
proteins with homology to LuxR receptors but do not encode the paired Luxl. Initially it was thought that
these LuxR orphans enable bacteria to listen for the signal, without themselves producing. However,
more recently, alternative small molecule activators of LuxR receptors have been reported, suggesting
alternative synthases may exist in these genomes.

The orphan LuxR-type receptor, PIuR, in Photorhabdus luminescens can detect a-pyrones, specifically
derivatives of 3-alkyl-4-hydroxy-6-isobutyl-2H-pyran-2-one. We investigated how QS molecules
produced by P. luminescens could be interpreted by other species of bacteria to determine if a form of
interspecies communication was prevalent for this chemical class of signal. Pyrones (both natural and
derived) were found to alter multicellular phenotypic behaviour in gram negative and gram positive
pathogens. These data suggest pyrones may play a role in shaping microbial community function, with a
role for LuxR receptors in competing species yet to be elucidated.
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Abstract

Uropathogenic Escherichia coli (UPEC) are a predominant cause of catheter associated urinary tract
infections (CAUTI). UPEC often form biofilms on the catheter surface, which are recalcitrant to antibiotic
therapy. Existing anti-infective catheter coatings have been shown to display limited efficacy and may
select for resistance due to the use of a single biocide. Furthermore, at biofilm eradication
concentrations, biocides often display cytotoxicity, limiting their antiseptic potential. Quorum sensing
inhibitors (QSls) provide a novel anti-infective approach to disrupt biofilm formation on the catheter
surface and help prevent CAUTI.

This work aimed to 1) identify effective antimicrobial concentrations with minimal cytotoxicity of
biocides combined with QSls, 2) profile the release of these agents from a sol-gel coating and 3) quantify
biofilm formation upon the combined antimicrobial impregnated sol-gel coatings.

From the panel of antimicrobials, biocides: polyhexamethylene biguanide, benzalkonium chloride and
silver nitrate in combination with QSI trans-cinnamaldehyde or furanone-C30, demonstrated
antimicrobial synergism against UPEC biofilms. However, furanone-C30 was cytotoxic at concentrations
below those required for bacteriostatic activity. Elution of the antimicrobials from the sol-gel coating
demonstrated distinct profiles, silver nitrate eluted rapidly from the coating within 24 hours, whereas
benzalkonium chloride did not elute. When biocides with QSIs were combined in the sol-gel coating,
there was a significant reduction in biofilm formation.

Of the combinations tested, polyhexamethylene biguanide and silver nitrate in combination with trans-
cinnamaldehyde demonstrated synergistic antimicrobial activity at non-cytotoxic concentrations. These
antimicrobials eluted from the sol-gel coating and inhibited biofilm formation, making them a potential
for use in further studies.
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Abstract

Despite being a persistent member of the nasal microbiome in around 30% of humans, Staphylococcus
aureus can cause severe skin and soft tissue infections, as well as life-threatening infections such as
sepsis and pneumonia. The copB-mco operon encodes the CopB P-type ATPase and Mco multicopper
oxidase that contribute to copper hypertolerance and increase survival of S. aureus within macrophages
and in whole human blood. As the neutrophil is an important defence against S. aureus bloodstream
infection, we hypothesised that copB and mco promote survival of S. aureus within the neutrophil. Here
we aimed to determine if the copB-mco operon is upregulated when S. aureus is internalised within the
neutrophil phagosome. A fluorescent reporter construct consisting of the copB-mco promoter fused to
GFP was generated in S. aureus. This enabled detection of copB-mco promoter activation in conditions
relevant to those experienced within the phagosome, using Western immunoblotting and flow
cytometry. This reporter system will be a valuable tool for understanding when and where the copB-mco
genes are expressed both in in vitro and ex vivo infection models of S. aureus infection.
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Abstract

Bacterial dormancy occurs in over 80 bacterial species and is usually induced in response to
environmental stress. When bacteria are exposed to prolonged environmental stress many cells in a
population will not cope with those prolonged conditions and will die unless that stress is removed.
Some cells (<1%) will turn into a dormant sleep like state. These dormant cells are metabolically active
but are unable to form colonies on standard culture media making them hard to detect. Once the
environmental stress has been removed those dormant cells can ‘resuscitate’ and become culturable
once more, restoring their ability to grow on media. The ability of these dormant cells to go undetected
by conventional microbiological practices could lead to an underestimation of total viable cells in
environmental and clinical samples. In this project, we tested seafood samples for the presence of
culturable and dormant Vibrio cells and whether sodium lactate can help recover dormant Vibrio cells
into a culturable form. Vibrio species are the most common cause of seafood associated gastroenteritis
and their presence in seafood samples is a concern for the seafood industry. Thus, our ability to detect
dormant Vibrio cells in the environment and understand how to wake them up from a dormant state
will be important to predict and prevent disease potential in the future.
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Abstract

Enterohaemorrhagic Escherichia coli (EHEC) is a major foodborne pathogen, and a significant cause of
zoonotic disease. EHEC has a remarkably low infectious dose, resulting in outbreaks that manifest in
bloody diarrhoea, and in extreme cases, acute renal failure. Treatments against EHEC are limited, as
antibiotics exacerbate infection by triggering the expression of toxins that lead to renal failure.
Understanding EHEC pathogenesis is therefore crucial to the development of novel treatments. EHEC
sense environmental nutrients as “signals” in the gut to fine-tune the expression of their primary
virulence factor, the Type 3 Secretion System (T3SS), which is essential for effector protein delivery into
host cells. However, the mechanisms underlying how EHEC exploit different nutrients are poorly
understood.

L-arabinose is an abundant sugar found widely in plant cell walls and can support EHEC growth as a sole
carbon source. Here, we found that growth on L-arabinose also significantly enhanced T3SS expression.
Deletion of the genes required for arabinose uptake, metabolism and associated regulation revealed
that this phenotype relies upon L-arabinose breakdown and not just merely “sensing” its presence.
Furthermore, transcriptomic analyses revealed that L-arabinose specifically regulates a novel
carbohydrate uptake system, that is encoded on a horizontally acquired genetic element and is
significantly enriched in EHEC strains across the E. coli phylogeny. We propose that additional nutrient
uptake systems allow EHEC to outcompete the native gut microbiota as well as contribute to virulence
regulation. Deciphering nutrition-related pathogenic mechanisms could lead to novel treatments,
including dietary interventions, as an alternative to antibiotics.
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Abstract

Bone and joint infections (BJIs) are severe infections with 18-73% of cases caused by Staphylococcus
aureus. Blls have high rates of recurrence which has been associated with the persistence of S.
aureus inside bone cells, where it evades host immune responses, antibiotics and detection.
Understanding the host and bacterial factors that control intracellular infection is thus crucial for
developing better treatment and diagnostic strategies.

To examine bacterial and host responses during intracellular infection of bone-forming osteoblasts, we
first used live-cell imaging to track S. aureus persistence in MG-63 human osteoblasts. Dual RNA
sequencing analysis was then performed at early times during S. aureus osteoblast invasion and
intracellular replication (1.5 and 5 h post-infection) to simultaneously analyse bacterial and host
transcriptional responses. Following cell infection, S. aureus upregulated known adhesin genes (ecb, efb,
fnbp) while toxins (-hemolysin, enterotoxin A) and agr family proteins (agrA, agrB, agrC) were
downregulated. Metabolic pathways, including glucose, amino acid and nucleotide metabolism, plus
previously uncharacterised surface proteins and regulators, also changed significantly in intracellular S.
aureus. In contrast, only a few genes in infected osteoblasts showed significant change compared to the
control cells. Notably, SQSTM1, TAP1 and IFNGR2, which participate in host immune responses, were
downregulated in infected osteoblasts along with RNA splicing genes and small nuclear RNAs such as
Ubatac small nuclear. Experiments to characterise interesting bacterial proteins involved in adhesion
and regulation of intracellular infection are ongoing. Overall, this study provides new insights into early
host-pathogen interactions between intracellular S. aureus and infected osteoblasts.
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Abstract
Background

Pseudomonas aeruginosa is an opportunistic pathogen that commonly infects the cystic fibrosis (CF)
lung, promoting an accelerated decline of pulmonary function. It exhibits significant resistance to innate
immune effectors and antimicrobials by expressing specific virulence factors and by acquiring adaptive
mutations during chronic infection. Cefiderocol is a novel siderophore cephalosporin with activity
against Gram-negative pathogens, including P. aeruginosa. We aimed to assess the in vitro efficacy of
cefiderocol against P. aeruginosa isolates in a CF population.

Methods

The study was conducted in a large tertiary hospital with a specialist adult CF service caring for
approximately 300 patients. All first isolates of significant respiratory pathogens among this cohort are
cryopreserved at -80°C. Antimicrobial susceptibility testing to cefiderocol was performed as per EUCAST
Disk-Diffusion (Version 10) for all first isolates of P. aeruginosa from 2017-2022 inclusive.

Results

Forty-one isolates were tested. None were categorised as multi-drug resistant (MDR) or pan-drug
resistant (PDR) strains. The average age of patients was 27 years; with the average age at which P.
aeruginosa was first isolated being 24 years (IQR 18-28). As per interpretative breakpoints, with a zone
of 222 mm indicating susceptibility to cefiderocol, only 3 isolates were deemed resistant, with an overall
average disk-diffusion zone of 27.1 mm.

Conclusion

Cefiderocol exhibited excellent in vitro anti-Pseudomonal activity. Further studies are necessary to
evaluate its efficacy against MDR and PDR strains.
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Abstract

Introduction: Colistin is a last resort antibiotic to treat infections caused by multi-drug resistant
Klebsiella pneumoniae in the ICU. However, resistance to colistin is being increasingly reported.

Material and Methods: The retrospective study was conducted in mixed medical-surgical ICUs of a
tertiary-care hospital in Delhi, India from January to December 2019. Forty-four adult patients with at
least one culture positive for colistin-resistant Klebsiella pneumoniae (CRKP) were included. Complete
demographics, clinical history, management and outcome available for 20 patients was evaluated.
Bacterial identification and antimicrobial susceptibility testing was performed by Vitek-2. Colistin MIC
was determined by broth microdilution.

Results: Forty-seven CRKP were isolated from 44 patients. Twenty-six strains were isolated from blood,
ten from endotracheal aspirates, seven from urine and four from pus samples. All but one isolates were
resistant to third-generation cephalosporins, betalactam+betalactam inhibitor combinations,
fluoroquinolones, carbapenems whereas 6.3% isolates showed susceptibility to aminoglycosides. All
isolates were negative for mcr-1, mcr-2, mcr-3 and mcr-4 genes. Eleven patients had a history of surgery
and three of previous ICU admission in past 30 days. Nineteen patients had an indwelling central venous
catheter, 19 a urinary catheter and 18 were on mechanical ventilation. Eighteen out of 20 patients had
received colistin therapy before isolation of CRKP. CRKP was isolated after a median 11 days of ICU
admission and 7.5 days of colistin therapy. A 60% mortality rate was observed.

Conclusion: Colistin resistance Klebsiella pneumoniae show resistance to all other group of antibiotics
leading to difficult to treat infections in ICU and high mortality.
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Abstract

Streptococcus pneumoniae is a genetically diverse pathobiont capable of adapting its metabolism to
survive in the nutritionally-challenging nasopharyngeal niche. Galactose, the most abundant
carbohydrate in the nasopharynx, supports pneumococcal colonisation and biofilm formation on the
mucosa, acting as both an attachment site and metabolic source. Targeting pneumococcal galactose
utilisation therefore represents an attractive opportunity for the development of novel therapeutics. In
this study, we assessed the potential of fluorinated galactose analogues (Gal-3F, Gal-4F, Gal-6F) against
pneumococcal type strains (D39, TIGR4) and clinical isolates (serotypes 3, 6B, 19F). Biofilm formation
and established 48-hour biofilms were assessed by crystal violet staining (biomass) and colony forming
unit enumeration (viability), with validation through confocal imaging (live/dead) and scanning electron
microscopy (SEM). Adherence to Detroit 562 epithelial cells was measured by cfu enumeration, and
planktonic metabolism assessed by *H-NMR. Initial testing using type strain D39 revealed that treatment
with 1-2% w/v Gal-3F significantly reduced biofilm formation (p<0.05), with 2% Gal-4F showing only a
small reduction, and Gal-6F having no impact, suggesting that the site of fluorination is important.
Furthermore, 2% Gal-3F impaired biofilm formation of all pneumococcal isolates tested. Confocal and
SEM imaging confirmed a reduction in biomass, with biofilms demonstrating disrupted architecture and
evidence of cellular distress. Viability was also reduced 2-log (p<0.01). Whilst epithelial adhesion was
not affected, preliminary *H-NMR analyses indicate that Gal-3F elicits a change in metabolic activity.
Overall, these data highlight the potential of fluorinated galactose analogues as novel treatments for
prevention of pneumococcal biofilm infection.
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Abstract

Vibrio vulnificus infection is a leading cause of seafood related deaths, either through primary
septicaemia or neurotic wound infection. V. vulnificus contains two type 6 secretion systems (T6SS);
T6SS1 and T6SS2. T6SSs are protein nanomachines which can facilitate killing of non-kin bacterial
species. Previous V. vulnificus co-culture killing assays using T6SS mutants observed T65SS1 and T6552’s
role in temperature dependent killing. This study further tests these mechanisms using Vibrio fluvialis as
the ‘prey’ bacteria. In vitro co-culture assays were set up using V. vulnificus and mutants in T65S1 and
T6SS2 as the attacker strain and V. fluvialis as prey. After incubation at 30°C and 37°C for 5 hours, Miles
and Misra dilutions were carried out and plated on selective agar for CFU calculation. The results
demonstrated the role of V. vulnificus T6SS in killing of V. fluvialis at 30°C. V. vulnificus 106-2A mutated
for T6SS1 and T6SS2 both failed to kill V. fluvialis. No significant killing was observed in co-culture assays
at 37°C highlighting the temperature dependent nature of the T6SS’s. Future work can test these
findings in vivo in a recently developed oyster model of infection to elucidate the interations of these
strains in the environment.
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Abstract

Background: Streptococcus dysgalactiae subspecies dysgalactiae ‘SDSD’ is the predominant cause of
infectious arthritis (joint ill) in neonatal lambs. Difficult to isolate in mixed bacterial culture, PCR could
aid detection and diagnosis. Therefore, this study aims to validate a PCR test for SDSD and test its
applicability in field samples from farms with a history of joint ill.

Methods: Five published primer sets for PCR were compared. Rudimentary testing for strain diversity,
sensitivity, specificity, and cross-reactivity was conducted. Further confirmation of primer sensitivity and
specificity was conducted by DNA quantification and sequencing of the PCR product, respectively. Swabs
were collected from ewes (n=350), joint taps were taken from joint ill lambs (n=6), and environmental
samples (n=253) were collected across four farms with a history of SDSD joint ill.

Results: Two PCR primer sets produced visible bands via agarose gel electrophoresis up to and including
a dilution factor of 103, from an original 4.4 ng/ul suspension. The PCRs were screened against a panel
of 20 different bacterial species, including a variety of Streptococcal species. No products were formed
by one PCR for any bacteria featured. 16s sequencing of the PCR product was conducted, confirming a
100% match to known SDSD genomes. The remaining primer set was adapted for real time PCR, allowing
rapid screening of field samples.

Conclusion: Rapid detection of SDSD aids treatment and investigation of transmission routes and
bacterial sources, without relying on culture. Following further validation, the PCR described could be a
diagnostic tool for SDSD joint ill.
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Abstract

Biomaterial associated infections have an high failure rate and are not easy to treat with classical
antibiotics due to biofilm formation and antibiotic resistance. There is the need to search for new
effective antimicrobial agents that can be use directly on implant materials and are less prone to
develop resistance. In this context, antimicrobial peptides (AMPs) seem to have great potential because
of their broad antimicrobial activity, low toxicity, and ability to induce an immune response.

Using bioinformatic tools, new AMPs were designed modifying the human B-defensins’ natural
sequences based on physico-chemical properties, such as hydrophobicity and charge, molecular
structures, and dynamics. These new AMPs are now being used in the AIMed consortium
(https://aimed-itn.eu/) to functionalise several materials creating antimicrobial surfaces and coatings,
which will allow for an optimised and localised release of the antimicrobial agent directly to the
infection site, without affecting the systemic microbiota.

The new AMPs were produced by Solid-Phase Peptide Synthesis (SPPS) using an automated microwave
synthesiser, followed by preparative-HPLC (High Performance Liquid Chromatography) purification, with
the aid of Liquid Chromatography-Mass Spectrometry (LC-MS) and Matrix-Assisted Laser
Desorption/lonization Time of Flight (MALDI-TOF) to track elution times and molecular masses before
and after the purification. Secondary structures were also investigated by Circular Dichroism (CD)
spectroscopy.

The antimicrobial and antibiofilm activities of these AMPs were evaluated against a panel of Gram-
positive and -negative bacteria namely Staphylococcus aureus, Staphylococcus epidermidis,
Streptococcus mutans, Pseudomonas aeruginosa and Escherichia coli. Their cytotoxicity has also been
studied on osteoblastic cells.
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Abstract

Antimicrobial resistance is no longer a looming crisis, but a problem of today. Rapid discovery and
development of new drugs is key to saving millions of lives, and understanding an antibiotic's
mechanism of action (MoA) and finding novel mechanisms and new classes of antibiotics could be
game-changing. There are many techniques to assess MoA, however, with several being time-consuming
and expensive, there remains a need for a quick, cost-effective, high-throughput assay. Here, we present
a simple-to-use, cost-effective tool to aid the identification of the MoA of a compound through the use
of E. coli biosensors. We have utilised a published E. coli fluorescent reporter strains library where GFP is
used to measure promoter activity within living cells. With the use of liquid handling systems, we have
screened the entire library (~2,000 biosensors) and characterised E. coli’s cellular response to numerous
antibiotics with known mechanisms of actions. In doing so, we have determined a ‘fingerprint’ for
different classes of antibiotics. Using this, we have narrowed down key promoters and generated a tool
that can be challenged with sub-inhibitory concentrations of a novel compound to see if a known
mechanism of action ‘fingerprint’ is seen. For example, upregulation of recA, lexA and polB is a marker
of an antibiotic that affects DNA replication. This tool comes with the advantages of being low cost,
easy to use, with minimal chemical hazards and scope to be used for high-throughput, making it a
valuable tool to assist drug development of novel antimicrobial compounds.
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Abstract

People with cystic fibrosis (CF) face a considerable burden of chronic infection from bacteria such as P.
aeruginosa. This necessitates a need to develop more efficacious antimicrobial treatments. Current
preclinical models used in antimicrobial development translate poorly to the clinic, hindering
development. It is necessary to streamline the preclinical development pipeline, to develop models that
reflect crucial factors of the CF environment, and can be assessed for treatment-responsive, host-
derived biomarkers associated with positive clinical outcomes.

This project aims to optimise in vitro and in vivo preclinical models that capture essential aspects of the
CF host environment, including host factors and biomarkers that are associated with the resolution of
airway exacerbation in a clinical setting. Current work involves the optimisation of an in vitro cell culture
model with infection of P. aeruginosa. Planktonic P. aeruginosa growth on a lung adenocarcinoma cell
(A549) monolayer results in considerable cytotoxicity, a consequence of growth in nutrient-rich cell
culture media. As a result, the model has been adapted for A549 growth on cell culture inserts, with cell
culture media in the basal compartment and P. aeruginosa in the apical compartment, cultured
variously at an air-liquid interface or in the presence of CF sputum mimics. Here, we present our
optimisation of a cell culture model for CF antimicrobial development.

Streamlining and standardisation of the preclinical antimicrobial development pipeline will increase the
efficiency of product progression and facilitate collaboration between clinicians, industry, regulators and
academics. This will ultimately improve clinical outcomes for those with CF.



P103

Understanding environmental and biocide survival of Candida auris through
transcriptional profiling

Alicia Ware ORCID iD?, Christopher Delaney?, William Johnston?, Lesley Price?, John Butcher?!, Gordon
Ramage?, Ryan Kean?

1Glasgow Caledonian University, Glasgow, United Kingdom. 2University of Glasgow, Glasgow, United
Kingdom

Abstract

Background: Candida auris is a problematic fungal pathogen, recently elevated to the Critical Priority
group of fungal pathogens by the World Health Organisation. Of key concern is its ability to cause
outbreaks within intensive and chronic care units, which is facilitated through its environmental
persistence. This current study investigated the role of biofilms in surviving disinfection using a semi-dry
surface biofilm (SDB) model and transcriptomic profiling.

Methods: In this study, two phenotypically distinct isolates of C. auris were grown in an optimised SDB
model consisting of consecutive 48hr cycles with/without media across a 12 day period. Disinfection was
performed using clinically relevant protocols of sodium hypochlorite (NaOCl) treatment and evaluated
using conventional plate counting and live/dead qPCR. RNA-sequencing was performed on NaOCl and
untreated SDBs in comparison to planktonic cells.

Results: Isolates were found to grow robust biofilms using the SDB protocol, and could tolerate all
treatment parameters, with only 2-3 logio-reductions observed at highest concentrations.
Transcriptional profiling identified genes corresponding to ABC transporters (CDR1, CDR2), heat shock
proteins (HSP10, HSP70) and metal acquisition (SIT1, PGA7) were strongly upregulated in SDBs
compared to planktonic cells.

Conclusion: We have optimised a SDB protocol in which C. auris biofilms can mediate tolerance to
adverse conditions such as NaOCI disinfection, suggesting a lifestyle through in which this problematic
yeast can environmentally persist and transmit. Mechanistically, the upregulation of small-molecule and
haeme-iron transport have been identified as a potential survival mechanism.
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Abstract

Iron-deficiency anaemia is the most common hematologic problem in the world. Although oral iron
supplements are the most common therapy applied, intravenous (1V) iron is considered superior in both
efficacy and safety in certain clinical situations. However, since pathogenic bacteria require iron for
growth and infection, and blood is (normally) highly iron restricted, there is potential for IV-iron
treatment to support growth of bacterial pathogens. Further, catecholamine stress hormones (e.g.
norepinephrine, NE) act as iron-mobilisation agents mediating delivery of iron to bacteria. Thus,
conditions or treatments that raise catecholamines may increase infection potential particularly when
combined with IV-iron. Thus, we have explored whether IV-iron formulae together with NE support
growth and virulence of bacterial pathogens under serum-like conditions.

Growth experiments were performed with Salmonella Typhimurium in a non-serum based minimal
medium supplemented with a range of iron compounds or commonly available IV-iron formulae (e.g.
iron dextran, iron sucrose and ferrous gluconate). In addition, NE and transferrin were included.

The results revealed that partially (15-20%) iron-saturated transferrin (Tf) provides an iron deficient
environment by arresting bacterial growth, while greater saturation levels of Tf support growth.
Inclusion of NE overcame the bacteriostatic effect of Tf-mediated growth inhibition. Importantly, growth
stimulation by second generation of IV-iron formulae was concentration dependent and reversed by
apo-Tf, but this effect was countered by NE. Future work will focus on the impact of IV-iron formulae
and NE on bacterial growth in serum-based media.
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Abstract

Staphylococcus aureus is a virulent and antibiotic-resistant pathogen causing suite of superficial and life-
threatening diseases. S. aureus pathogenicity involves the secretion of proteases which can act on host
proteins, promoting immune evasion and bacterial proteins, altering the stability of key virulence factors
central in colonisation and infection.

We determined the proteolytic activity of 134 genome-sequenced USA300 clinical isolates using casein
hydrolysis assay (CHA). Our aim was to understand whether protease expression was conserved across
these isolates, investigate if infection source impacted expression and finally, using genome-wide
association studies (GWAS), to identify loci implicated in protease regulation.

We confirmed the suitability of CHA through screening isogenic protease and virulence regulator
mutants previously shown to impact protease activity. Interestingly we observed a significant level of
variability in protease activity across the isolates despite high genetic relatedness. We also identified
differences in protease expression between different isolation sources, where bacteraemia isolates
expressed less protease comparing to isolates from skin carriage or skin and soft tissue infections.
Following our GWAS analysis we identified 60 loci that were statistically significantly associated with
altered protease activity. Using Nebraska Transposon library, we confirmed that 31 of these loci had
altered protease activity when disrupted. These loci were annotated as conserved hypothetical proteins,
hydrolases, membrane proteins and drug transporters, permeases and an AraC family DNA-binding
response regulator. Future work will narrow in on how these proteins regulate protease expression. This
study highlights the complexity of protease regulation in S. aureus and deepens our understanding of S.
aureus pathogenicity.
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Abstract

Legionella pneumophila is an intracellular pathogen responsible for Legionnaire’s disease — a severe
form of pneumonia. L. pneumophila utilises a complex multi-protein machinery, the Dot/lcm Type 4
Secretion System (T4SS), to deliver over 330 effector proteins which manipulate host cells. Many exert
their roles through direct interactions with host proteins, modulating their interactomes. Identification
of these targets, but also the impact on their interactome is key to dissect the infection process.

Methods such as yeast-two-hybrid screens yielded important insights but do not reflect the state of the
infected cell. Its proteome changes due to numerous translocated effectors, host responses and
manipulation of translation.

We previously developed a tandem-affinity purification system that relies on biotinylation of a tag (Bio-
tag) fused to effectors after delivery into host cells expressing the biotin ligase BirA, enabling
determination of effector interactomes, but this system has moderate power to reveal the wider
interaction network of the host targets.

Therefore, we tested new systems, which use effectors fused to promiscuous biotin ligases such as
TurbolD, which efficiently, but unspecifically biotinylate proteins within their close proximity. This allows
for isolation of host targets and their interactome by streptavidin pull down and subsequent mass
spectrometry analysis. The activity of promiscuous biotin ligase alone or fused to an effector did not
compromise bacterial replication. Moreover, we show that the biotin ligase-effector fusions are
translocated by the Dot/Icm T4SS and allow biotinylation of different subproteomes, suggesting that
they are useful additional tools to dissect Legionella-host interactions.
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Abstract

Prototheca species are an unusual group of algae that are non-photosynthetic pathogens of diverse
mammalian species. They most commonly infect cattle, typically causing mastitis and reducing milk
yields. Cases have been reported from around the world, but to date there have been no clinical case
reports from the UK. Global prevalence, and thus impact, remains unclear.

We have developed a sensitive PCR-based method to detect the presence of Prototheca cells in milk at
densities as low as 100 cells per ml. Here we use this method on a set of bulk milk samples to detect,

and identify to species level, bovine Prototheca infection in the UK. Furthermore, we highlight potential
challenges with current Prototheca surveillance in the UK in terms of specificity and possibly sensitivity.

We hope that this new method will encourage more detailed analysis of Prototheca infections in cattle
in order to inform future epidemiological research and reduce the impact of this disease on the UK
dairy industry.
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Abstract

With antibiotic resistance prevalence increasing, there is a need to develop new and more effective
therapies to treat Helicobacter pylori infection. There is growing interest in the potential for therapeutic
use of lytic bacteriophages wholly or in combination with antibiotics for the treatment and eradication
of multidrug resistant bacteria. Our study aimed to analyze the prevalence and diversity of prophage
genes in a UK collection of H. pylori isolates and explore their therapeutic potential.

PHASTER and PhiSpy were used to identify prophage genes in the bacterial genome sequences of 32 H.
pylori strains isolated from the stomachs of 18 patients. ViPTree was used to generate a proteomic tree
based on the genomic sequences of the identified prophages, to determine how related the prophages
are and how similar or different they are to other previously identified prophages of Helicobacter pylori.

Most of the H. pylori genomes we analyzed did not contain prophages. Two prophage clades were
identified within the genomes of five of the 32 bacterial strains. One of these clades was similar to the
previously reported H. pylori phage KHP40 and another is more distantly related although represented
by only relatively short sequences. This suggests that the prevalence of prophages in H. pylori genomes,
and likelihood of finding novel prophages with therapeutic potential using this type of genomic analysis,
are relatively low. We are also screening river water samples collected downstream of combined sewage
overflows for the presence of phages with lytic activity against H. pylori and other bacterial species.



P109

Synthesis of cationic polymers with antimicrobial and antibiofilm activity.

Natasha Reddy, Freya Harrison, Sébastien Perrier

University of Warwick, Coventry, United Kingdom

Abstract

As a result of antimicrobial resistance, we edge closer to a post-antibiotic era and the development of
novel antimicrobials is urgently required. Biofilm formation plays a significant role in bacterial
persistence and resistance to antibiotics, with up to 80% of bacterial infections being linked to biofilm
forming bacteria. Antimicrobial peptides offer a platform to base the development of the next
generation of antimicrobials. These small peptides selectively target bacteria, with limited development
of resistance. Unfortunately, the cost associated with their production and their toxicity are barriers to
their widespread clinical application. By utilising polymer chemistry, specifically using reversible-addition
fragmentation chain transfer (RAFT) polymerisation, we have synthesised polymers that mimic aspects
of these natural peptides. These polymers are proving to be a promising platform for the development
of novel antimicrobials as their antimicrobial effects and toxicity can be tuned, while keeping production
costs low. We synthesised an ammonium containing polymer, which has previously been shown to
exhibit antimicrobial and antibiofilm activity against Pseudomonas aeruginosa. We tested its
antimicrobial effects using MIC assays against a panel of 5 bacterial and fungal pathogens of concern, in
media mimicking clinically relevant conditions (synthetic wound fluid). Following this we used a Calgary
device to determine its biofilm eradication potential. Future work will investigate synergy between the
polymer and existing antimicrobials. The goal of this work is to elucidate suitable combinations of
polymer and antimicrobial to test for biofilm eradication efficacy in high validity biofilm models.
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Abstract

Increasing antibiotic resistance rates are a concern for both mortality and the economy. Biofilm
formation is implicated in higher levels of antibiotic resistance through preventing diffusion of
antibiotics to their targets, and changes in bacterial physiology. Pseudomonas aeruginosa is an
opportunistic and key pathogen, which is greatly implicated in the lung infections of those with cystic
fibrosis. P. aeruginosa is also a well-regarded model organism for studying biofilms. | have established
that antibiotic susceptibility in planktonic environments varies depending on the media that P.
aeruginosa is grown in, which can affect the classification of the pathogen as either sensitive or resistant
to an antibiotic. | have also investigated antimicrobial resistance in biofilm models including an ex vivo
pig lung model of cystic fibrosis (EVPL), comparing PA14 WT strain with a PA14 transposon mutant in the
gene pelA, which cannot make the main PA14 biofilm scaffold polysaccharide and so cannot produce a
mature biofilm. Despite this, in the EVPL model, both PA14 WT and pelA” mutant had equally high levels
of resistance to colistin and meropenem. This suggests that mechanisms beyond biofilm production aid
the increase in antibiotic resistance. Transcriptomics was used to explore the effect that growth
environment has on resistance and what factors beyond the biofilm matrix contribute to increased
resistance in the EVPL. Key differences in the expression of specific efflux pumps and two-component
systems between WT and pelA were found, these will be further explored to establish the importance of
these mechanisms for resistance in the EVPL.
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Abstract

Staphylococcus aureus is a leading cause of bloodstream infections and a significant portion of the
morbidity associated with infection can be attributed to the ability of S. aureus to dysregulate
haemostatic functions through interaction with platelets via Microbial Surface Components Recognising
Adhesive Matrix Molecules (MSCRAMMs). These cell wall-anchored proteins have been widely studied
in nutrient-rich media, but information about their function in nutrient-limited media, such as blood
plasma, is limited. As such, we have been studying the effect of iron limitation on the ability of S. aureus
to modulate platelet function in vitro, with a particular focus on the haem-uptake machinery, Isd. S.
aureus mutants for two cell wall-anchored Isd proteins, IsdB and IsdA, were precultured in RPMI 1640
medium, followed by an additional overnight culture in RPMI 1640 with or without iron
supplementation. Overnight cultures were then introduced to platelet-rich plasma and subsequent
platelet aggregation was measured using light-transmission aggregometry. Early data suggests an iron-
dependent effect on the lag time between bacterial inoculation and initiation of platelet aggregation, as
well as the time for platelets to reach maximum aggregation. These findings may further implicate iron-
regulated proteins as an important factor in the haemostatic modulation ability of S. aureus in
bloodstream infections.
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Abstract

Nasal carriage of Staphylococcus aureus is a risk factor for invasive disease, with infections often seeded
by colonizing strains. Transitioning from commensal to pathogen involves a change of niche, and with
different selection pressures. Understanding how S. aureus adapts in an infection context can help us to
understand how it causes disease and how we might be able to stop it.

Here we investigate differences between carriage and infection associated isolates by characterizing a
collection of S. aureus strains derived from invasive clinical infections (n=105) and compare them to
matched nasal strains isolated from the same patients (n=85). Genetically related strains isolated from a
non-infected carrier group termed “population controls” (n=87) are also included for comparison.

When comparing growth dynamics, hemolysis, biofilm formation, and the production of the immune
evasion pigment Staphyloxanthin, we see no systematic differences between our carriage and infection
isolates. However, there is considerable phenotypic variation between the 277 S. aureus isolates, the
genetic basis of which we are investigating by GWAS.
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Abstract

Candida albicans and Pseudomonas aeruginosa are highly important pathogens capable of causing
severe nosocomial infections, including ventilator-associated pneumonia (VAP), which is responsible for
high hospital mortality rates. Both species form biofilms, increasing their antimicrobial tolerance and,
when cultured together, can positively influence each other’s growth. We aimed to grow single and
dual-species C. albicans and P. aeruginosa biofilms in a new media that mimics the airways surface liquid
of the airways in VAP. Firstly, the growth of these mixed-species biofilms was optimised within the new
VAP model by growing polymicrobial biofilms over different time periods compared to monomicrobial
biofilms and then conducting colony counts and Crystal Violet staining. Once optimised, these biofilms
can be screened for susceptibility to antimicrobials to determine if increased antimicrobial resistance,
which has been observed in other environments, results from growth in the VAP environment. Breaking
down extracellular matrix components may restore antibiotic susceptibility in various environments. It
may explain the mechanisms of antibiotic tolerance in VAP, previously indicated to be highly correlated
to extracellular matrix constituents in C. albicans biofilms. Furthermore, this VAP model may help
determine the mechanisms behind interspecies interactions and virulence expression in the VAP
environment. Our work will shed light on the mechanisms behind the high levels of virulence and
antimicrobial tolerance seen in potentially fatal ventilator-associated pneumonia.
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Abstract

Weaning is a critical life period for piglets, during which they are susceptible to post-weaning diarrhoea
(PWD), primarily caused by enterotoxigenic Escherichia coli. This is both a welfare and an economic
concern, resulting in weight loss, morbidity and mortality.

Zinc oxide (Zn0) is added to piglet feed to reduce PWD and boost growth. However, ZnO
supplementation may promote antimicrobial resistance (AMR) through linkage of AMR and metal
resistance genes, and is an environmental concern due to accumulation of zinc in slurry. From June
2022, the sale of piglet weaner feed supplemented with high ZnO levels was banned in the EU, and will
be phased out by 2024 in the UK. There is expectation that PWD will become harder to manage,
increasing the already high antibiotic usage within the pig industry.

The aim of this study is to investigate the impact of ZnO withdrawal on piglet health, growth and gut
microbiome. We are recruiting 20 farms to a longitudinal study during the ZnO withdrawal UK transition
period. Pooled pen faecal samples will be collected from ten pens each per weaner, grower and finisher
pig stage before, and at two time-points after, ZnO withdrawal. This biobank of samples will be used to
examine changes in bacterial microbiome, AMR and metal resistance gene prevalence, and PWD
pathogen carriage, by qPCR, RT-gPCR, and 16S sequencing. These findings will be interpreted, alongside
farm level epidemiological data, to identify management factors which may mitigate the impact of ZnO
withdrawal on PWD incidence and poor weight gain.
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Abstract
Background

Novel therapeutics are needed to treat lung infections in people with cystic fibrosis (CF) caused by
problematic antibiotic resistant pathogens. Members of the Burkholderia genus are known to produce a
variety of specialized metabolites with antimicrobial properties. Two of them, enacyloxin Ila and
gladiolin, were investigated as potential novel therapeutics against multidrug-resistant CF pathogens
Burkholderia multivorans and nontuberculous mycobacteria (NTM).

Methods

Specialized metabolites were extracted following bacterial growth of Burkholderia ambifaria and
Burkholderia gladioli on basal salts medium agar supplemented in glycerol to induce the synthesis of
enacyloxin lla and gladiolin, respectively. Antibiotic susceptibility was evaluated for tobramycin,
meropenem and enacyloxin lla, alone and in combination for a panel of B. multivorans strains.
Enacyloxin Ila was also tested to determine its impact on virulence functions such as swimming motility
in B. multivorans.

Results

Antibiotic susceptibility assays indicated that enacyloxin has a lower minimal inhibitory concentration on
B. multivorans (1-4 pg/mL for MICgo) than meropenem (16 pg/mL for MICg) and tobramycin (32 — 128
ug/mL for MICsgo). Meropenem and enacyloxin lla appeared to have an additive effect when combined
against B. multivorans. Adjacent growth of B. ambifaria and B. multivorans impacted the motility of B.
multivorans on a strain-dependent level. A collection of CF NTM isolates has been assembled and
undergoing testing for susceptibility to gladiolin

Conclusion

Enacyloxin Ila has promising activity against B. multivorans compared to existing antimicrobials. Further
work is needed to evaluate the activity of gladiolin on NTM.
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Abstract

Host recognition of the enteric pathogen Salmonella enterica triggers production of cytokines such as
interferon (IFN), which induce the expression of IFN-stimulated genes (ISGs). As they are expressed in
concert, the individual roles of many ISGs are not well understood. The study of IFNs has predominantly
focussed on their role during viral infection and less is known about their effect during bacterial
pathogenesis. To address this, we used the non-typhoidal S. Typhimurium to infect epithelial cells
following treatment with IFNs. We demonstrate that pre-treatment with type | IFN significantly
decreases bacterial numbers in infected samples. However, there was no significant difference following
treatment with type Il IFNA. Furthermore, using flow cytometry, we show that both the percentage of
infected cells and the bacterial burdens within infected cells are decreased in IFNB treated samples.

To study infection in greater detail, we utilised a fluorescent reporter, Salmonella INtracellular Analyzer
(SINA) and flow cytometry, to investigate the intracellular localisation of S. Typhimurium in IFNb treated
samples. We found a decrease in the cytosolic population, which hyper-replicates, and an increase in the
dormant population, which does not replicate. These data suggest IFN inhibits infection of epithelial
cells by preventing invasion and affects bacterial burdens by disrupting the intracellular lifestyle of S.
Typhimurium. To investigate further, we conducted a screen of over 500 ISGs to determine which
mediate the changes observed. We believe the results of this screen will lead to mechanistic insights
into how IFN is able to interfere with S. enterica infection.
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Abstract

Staphylococcus aureus is one of the five leading pathogens responsible for bacterial cause of death
globally. Prevention of transmission, which can occur through contaminated surfaces including
healthcare textiles, represents one approach as a part of a multipronged strategy to tackle this burden.
Lignin derivatives are produced as by-products of the paper industry where they are commonly burnt to
recover energy from waste, however, they are low-efficiency fuels. The objectives of this study were to
validate the antimicrobial activity of lignin derivatives and their efficacy once applied as coatings of
textiles used in healthcare.

To examine the antimicrobial activity of lignin derivatives, minimum inhibitory concentration (broth
dilution) and bacteria cell viability (alamarBlue™ bioassay) tests were performed against a selection of
bacterial species: S. aureus, Escherichia coli, Pseudomonas syringae and Bacillus pumilus. For the
healthcare textiles evaluation, lignin impregnation into the fabrics was made via free-meniscus coating.
The efficacy of the coating treatment was tested against S. aureus ATCC® 6538 employing the BS I1SO
20743 protocol.

Antimicrobial activity was found to be positively associated with the concentration of lignin derivative
used and better efficacy was demonstrated against gram-positive species. For S. aureus, there was an
82% of loss of cell viability after 3h incubation in 0.1 g/mL lignin derivative; S. aureus cell viability also
decreased following incubations of 2-6 h on lignin derivative-coated fabrics.

The findings of this study indicate that the development of lignin derivative treatment of fabrics may
present a possible approach to reducing pathogen transmission.
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Abstract

Cold atmospheric plasma (CAP) has shown potential as a non-antibiotic treatment option for infections,
particularly in orthopaedic procedures where medical devices can provide a site for biofilm formation
and the prevalence of antimicrobial-resistant microbes is a concern. In this study, CAP was used to
combat methicillin-resistant S. aureus (MRSA) and Pseudomonas aeruginosa biofilm models using
different plasma devices as a potential treatment for hospital-acquired infections.

With MRSA, the results showed that all devices were effective at reducing the bioburden of biofilms,
with some producing up to a 4-fold reduction in 120-sec plasma treatment. In addition to the quantity
and presence of specific reactive species, factors such as treatment surface, manipulation of the device,
and carrier gas were found to be important contributors to the antimicrobial activity of CAP.

With P. aeruginosa the results showed that CAP pre-treatment resulted in a decrease in the minimum
biofilm eradication concentration values for all three strains tested, indicating enhanced susceptibility to
antimicrobials. Isothermal microcalorimetry showed that the combination of CAP and antibiotics was
most effective at increasing time-to-peak metabolism of the biofilms, indicating enhanced susceptibility.
Transcriptomic analysis revealed that P. aeruginosa responds to the oxidative stress caused by CAP
through the upregulation of enzymes that degrade reactive oxygen and nitrogen species and by
triggering a stringent response leading to the formation of persister cells within the biofilm. Overall,
these findings suggest that CAP may be a promising alternative for the treatment of bacterial infections,
particularly in cases where traditional antibiotics may not be effective.
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Abstract

Pseudomonas aeruginosa and Burkholderia species are opportunistic pathogens that can cause infection
in cystic fibrosis patients, resulting in worsening clinical outcomes and reduced quality of life. The
microenvironment of the CF lung is complex and has been shown to alter the efficacy of antibiotics, with
in vitro assays often poorly predictive of antibiotics likely to demonstrate efficacy in a clinical setting.
There is a great need to improve in vitro assays so that they can better replicate the complex CF lung
microenvironment. Improvements in these systems would aid drug discovery, increasing the chance of
identifying new antibiotics to treat life threatening and life limiting infections in CF patients.

Traditional MIC screens utilise cation adjusted muller hinton broth, as recommended by the CLSI
guidelines. However, it is widely becoming accepted that use of traditional culture media often doesn’t
reflect the situation in the CF lung. This has resulted in many labs using specialised media types including
artificial sputum media (ASM) which has been shown in previous publications to alter the MIC of several
key clinical antibiotics in P. aeruginosa PAO1. Here we demonstrate the use of an artificial sputum
media in an MIC assay, under both aerobic and microaerophilic conditions, to determine the impact of
different growth conditions on the MIC of clinically relevant antibiotics. This provides a convenient
screening platform in which to select novel antimicrobials relevant to CF-associated pathogens.
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Abstract

Background: Sepsis accounts for 20% of death worldwide(WHO) and is a major global health threat,
particularly in LMICs due to delays in early diagnosis and prompt management. Carbapenem-resistant
significant members of Acinetobacter calcoaceticus Acinetobacter baumannii(CR-SM-ACB) complex have
emerged as an important cause of sepsis, especially in ICU’s and warrants a diagnostic tool that helps in
early management of sepsis and prevents overuse and selection of resistance. Methodology: A total of
200 patients admitted to ICU, with culture-positive-sepsis were enrolled. Non-duplicate whole-blood
and blood culture(BC) broths were collected and directly subjected to LAMP, PCR, and RealAmp assay to
detect CR-SM-ACB-complex. Vitek-2 system and conventional PCR were used as confirmatory reference
tests. Results: Among 200BC, 100 were positive for ACB-complex, and 95 were CR. In 97% of isolates,
resistance was mediated by blaoxa-23. Among remaining 100BC, 10 yielded Acinetobacter other than ACB-
complex, and 90 were positive for diverse pathogens predominantly, K.pneumoniae(n=21), followed by
CONS(n=18), Escherichia(n=9), Enterococcus(n=8) and Candida(n=6). The overall TAT for identification of
CR-SM-ACB-complex using an automated culture system, varied from 28-53 hours. The sensitivity and
specificity of LAMP(97,100%) and RealAmp(100,100%) for detection of CR-SM-ACB-complex were better
than PCR(87,90%). TAT of LAMP, PCR, and RealAmp was 6-20,9-23,6-20 hours respectively. Conclusion:
In our study, TAT of LAMP was <24-hours, and depending on emerging pathogens and locally prevalent
resistance genes, the assay can be modified. SYBR-LAMP-based diagnosis and early reporting of drug-
resistant pathogens will help to optimize therapy in ICU setup.
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Abstract
Background

People with Cystic Fibrosis (CF) develop chronic bacterial infections that occur within the lung
microbiota. The influence the CF lung microbiota has on pathogen virulence and antimicrobial
susceptibility is not understood. Here we combine pathogens and examine their antibiotic resistance
and phenotypic behaviour.

Methods

P. aeruginosa (PA) was the designated dominant pathogen for all assays and interacted with A.
xylosoxidans (AX), S. maltophilia (SM), or B. multivorans (BM). Antibiotic susceptibility (EUCAST disc and
microbroth dilution) and swimming motility were compared between mono- and co-cultures treated
with cefiderocol (FDC) and trimethoprim-sulfamethoxazole (TS).

Results

All three combinations exhibited changes in susceptibility and motility. FDC susceptibility tests showed
AX and PA increased and decreased susceptibility, respectively. Motility of the co-culture was greater
than that of the two species alone, but was also dependent on the antimicrobial exposure.

SM and PA increased and decreased susceptibility, respectively, to FDC when comparing the
monocultures to the co-culture. Reduced motility was found when both mono- and co-cultures were
treated with FDC and TS. Co-cultures showed increased motility under both treated and untreated
conditions compared to monocultures.

BM and PA increased and reduced susceptibility respectively to TS in co-culture compared to treatment
alone. Motility of the co-culture increased under all treatments, however, antibiotic treatment with FDC
and TS suppressed motility.

Conclusion
Behavioural and susceptibility changes occur in a species and antimicrobial dependent manner. It is

important we improve our understanding of the CF lung as microbial interactions will alter response to
treatment.
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Abstract

Neisseria meningitidis is the causative agent of meningococcal meningitis and sepsis causing significant
morbidity and mortality worldwide. Whilst antibiotics have been an effective therapy, antibiotic
resistance is rising across Neisseria spp. We have previously demonstrated that interference with a
superfamily of host transmembrane proteins, the tetraspanins, can significantly inhibit bacterial
adherence to host cells, potentially providing a new avenue for treatment. These proteins do not act as
receptors but associate with various interaction partners to form tetraspanin-enriched microdomains
(TEMs) able to facilitate a myriad of functions. Tetraspanin expression differs between host cell types
therefore defining the full composition, organisation, and function of TEMs during infection has
remained elusive. Here, we demonstrate that absence of the tetraspanin, CD9, from epithelial cells
significantly reduced meningococcal adherence by 36%. Treatment of epithelial cells with a CD9-derived
peptide was also able to reduce meningococcal adherence. We compared the tetraspanin expression
profile of CD9 and CD81 across A549 epithelial cells and iAstrocytes, a critical component of the
blood:brain barrier. CD9 was abundantly expressed in epithelial cells but lower in iAstrocytes, however
CD81 expression was higher across iAstrocytes. Classical meningococcal adhesin receptors
demonstrated no differences except CD147 with greater expression in iAstrocytes. Despite these
similarities, infection of iAstrocytes was almost ablated compared to epithelial cells. Together, these
data suggest that tetraspanins have a crucial role in adhesion of N. meningitidis with specific TEM
compositions conferring different infective potential. Ongoing work aims to further discern TEM
composition in a range of relevant meningococcal host cell types.
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Abstract

Background: Ultraviolet radiation (UVR) modulates the skin immune response via induction of
interleukin-10 mediated immunosuppression. In mice, the cutaneous microbiome has proven
involvement in modulating UVR-associated immunosuppression via regulation of antimicrobial
peptide/chemokine (CCL20) and pro-inflammatory cytokine secretion (IL-6). However, there remains
little understanding of whether and if so, which human skin commensals contribute to this response.
Here, we present evidence of the skin commensal-dependent manipulation of UVB-associated immune
responses.

Methods: Normal-human-epidermal-keratinocytes (NHEKs) were exposed to UVR(10-20mJ/cm?,
313nm) + Micrococcus luteus (1x10*CFU/ml), Staphylococcus hominis (1x102 CFU/ml) and Cuitbacterium
acnes (1x108CFU/ml). Effects on NHEK viability (trypan blue), and inflammatory mediator secretion
(enzyme-linked-immunosorbent-assay; ELISA:IL-10, IL-6 and chemokine;CCL20) were assessed 24h post-
irradiation.

Results: Exposure of NHEKSs to a single dose of UVR (20mJ/cm?) resulted in a 37% decrease in cell
viability (p<0.05). M. luteus mitigated UVB induced cytotoxicity resulting in a 27% increase in cell
viability relative to the 20mJ/cm? treated control (p<0.05), whilst C. acnes and S. hominis exerted no
significant effect. M. luteus-mediated increased cell viability was accompanied by 39% and 35%
decreases in CCL20 (p<0.05) and IL-10 (p<0.0001) secretion respectively relative to the control. S.
hominis had no significant effect on cytokine secretion but C. acnes elevated IL-6 secretion by 67%
(20mJ/cm?;p<0.05) and reduced IL-10 secretion by 20% relative to the respective control (p<0.0001)

Conclusions: We provide evidence for the modulation of the UVB-induced marker for
immunosuppression; IL-10 by skin commensal bacteria. Providing novel insight into the contribution of
skin commensals to UVR responses.
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Abstract

Infection has been strongly associated with delayed wound healing. Slow microbial growth rates are a
recognized driver of tolerance towards antimicrobial agents and poor treatment outcomes. We
developed a murine infected excisional wound model to study bacterial tolerance and to assess the
antimicrobial effectiveness of novel wound dressings. We evaluated the efficacy of Ag Oxynitrate
dressings, which produces reactive Ag?* and Ag>* ions, in wounds infected with 10* Staphylococcus
aureus compared to a non-antimicrobial control and to uninoculated wounds. Wound samples were
harvested at 1, 3 and 7 d. Wound healing was characterised by quantification of wound width, area and
re-epithelialisation from histological sections, and neutrophils/macrophage marker
immunohistochemistry. Infection status was characterised by tissue Gram stain, bacterial enumeration,
and scanning electron microscopy (SEM). Over seven days, Ag Oxynitrate dressing reduced wound
width, area, inflammatory markers, and increased reepithelialisation of S. aureus infected wounds
compared to the non-antimicrobial comparator dressing. The Ag Oxynitrate dressing significantly
reduced S. aureus viable counts in infected wounds. SEM imaging showed few bacteria on the wound
bed treated with Ag Oxynitrate with disruptions of biofilm extracellular polymeric substance compared
to infected wounds treated with non-antimicrobial dressing. In summary, Ag Oxynitrate dressings
reduced bacterial bioburden and promoted wound healing of infected murine excisional wounds. This
model can be used to evaluate effectiveness of other antimicrobial wound dressing to help inform
decisions on biofilm management.
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Abstract

Bronchiectasis is a chronic lung disease increasing in global prevalence and likely to become even more
widespread due to lung damage following COVID-19 infection. Many bronchiectasis patients suffer
recurrent bacterial lung infections, wherein Pseudomonas aeruginosa infections in particular are
associated with increased morbidity and earlier mortality necessitating long-term antibiotic therapy.
Current understanding of the phenotypic adaptation and diversification of P. aeruginosa infections and
how bacterial traits are associated with disease severity in bronchiectasis are poorly outlined.
Determining whether simple bacterial metrics such as growth parameters can predict disease severity
and treatment outcome is of clinical interest. Here we present phenotypic data on 16,560 clinical P.
aeruginosa isolates from 183 bronchiectasis patients who participated in a multi-national randomised
phase-3 clinical trial of inhaled liposomal ciprofloxacin therapy (ORBIT-3). We quantified variation in
growth parameters and ciprofloxacin resistance before antibiotic treatment to investigate the
associations between these bacterial traits, disease severity and treatment outcomes for patients.
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Abstract

Infections by Campylobacter sp. represent the major cause of food-borne diarrhoea and handling or
consumption of contaminated poultry meat is infection key risk factor. The avian host does not
commonly develop clinical signs when colonised by Campylobacter but it can carry high bacterial loads
in the intestines that can contaminate the carcass during processing. Reduction of the bacterial burden
through vaccination of chickens has been evaluated in an attempt to improve food safety with mixed
success. Glycoconjugate vaccines produced by protein glycan coupling technology (PGCT) are promising
candidates given positive results achieved against Francisella tularensis and Streptococcus pneumoniae
in experimental infections. Through PGCT, a glycan is synthesised and transferred to an acceptor protein
containing the D/E-X-N-X-S/T motif by E.coli using the N-glycosylation system of C. jejuni. The fibronectin
like adhesin FIpA of C. jejuni has been evaluated as glycoconjugate candidate due to reports in the
literature of a modest reduction in C. jejuni counts conferred by vaccination with a subunit vaccine. In a
previous study we evaluated a FIpA glycoconjugate vaccine coupled to two moieties of the C. jejuni
heptasaccharide but no protection was observed. In the current study, we have increased the number of
glycosylation sites in FIpA to 10 (FIpA-10GT) to increase the glycan dose. We additionally evaluated a
seeder bird challenge model to mimic natural transmission by in-contact exposure. No protection was
conferred with the FIpA-10GT glycoconjugate vaccine, however the study provided valuable data
required to refine future vaccine candidates and vaccination trials.
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Abstract

The treatment and management of chronic wounds presents a significant challenge to modern
healthcare. For a dressed wound, a small headspace exists between the skin and dressing film that
differs in composition from ambient air. When a wound becomes colonised and infected, the headspace
composition will change due to microbial respiration and metabolism; hence, an opportunity exists to
monitor this change as a marker of infection development.

A formulation containing LDPE, xylenol blue dye, and tetrabutylammonium hydroxide was 3D printed to
form a CO-sensitive colourimetric indicator film. Porcine skin explants were inoculated with P.
aeruginosa and sealed in a wound dressing model for headspace monitoring. A photograph was taken
hourly to monitor sensor colour change to developing infection. The ability of the sensor for monitoring
treatment efficacy was also assessed by treating 24 h biofilms with a range of antibiotic concentrations
and packaging in the wound dressing model for sensor monitoring.

The film changed colour from blue to yellow in response to wound infection. The time taken to reach a
halfway colour change was found to be directly proportional to the time taken for the microbial load to
exceed 10° CFU/mL, regardless of initial inoculum. This colour change occurred before a measurable
increase in biofilm biomass. Sensors monitoring biofilms exposed to suboptimal antibiotic
concentrations changed colour, whilst successfully treated biofilms elicited no colour change.

The indicator film has the potential to improve wound care by allowing healthcare providers to monitor
the effectiveness of treatments and intervene as needed.
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Abstract

Staphylococcus aureus is an opportunistic pathogen that contributes a major global health burden due
to its ability to cause human infections, ranging from superficial skin infections to life-threatening
bacteraemia. These infections are often hard-to-treat and recurrent in nature, due in part to the
presence of complex bacterial signalling pathways that allow S. aureus to adapt to unfavourable
conditions within the host environment and evade bacterial killing. We hypothesise that the (p)ppGpp-
mediated, stringent response (SR) pathway plays an important role in bacterial pathogenesis as this
pathway is known to upregulate genes involved in stress adaptation whilst downregulating genes
involved in active growth, potentially contributing to a persister cell phenotype. To test this hypothesis,
we have been using primary monocyte-derived macrophages (MDMs) obtained from healthy human
donors, to study differences in host-pathogen interactions between wildtype S. aureus and
staphylococcal SR mutants, which are unable to elicit a functional stringent response. Preliminary data
suggests that whilst initial adhesion and invasion of MDMs is unaffected by the SR, this pathway does
play an important role in intracellular survival. Bacterial clearance within human macrophages is
significantly increased for SR mutants, with a (p)ppGpp-null strain that lacks (p)ppGpp synthetase
enzymes, killed at a significantly higher rate than the wildtype over a 3.5 hr infection period. This
suggests that the SR may play a critical role in the development of S. aureus infections and RNA-seq
studies are currently underway to study differences in gene expression for wildtype versus SR mutants,
within the macrophage environment.
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Abstract

Background: Antimicrobial resistance (AMR) is a global health threat affecting human and animals. The
spread of AMR is further augmented by the selective pressure exerted by the unnecessary use of
antibiotics and trace elements as supplements in animal feed. Thus, this study aimed to develop an in
vitro pig gut model to determine the role of extracellular DNA in the transfer of AMR.

Methods: Static and continuous flow in vitro pig gut models were set up and seeded with pig faecal
slurry to simulate the intestinal microflora. The models were inoculated with a sodium azide resistant E.
coli 153 strain, while amplicons of the RNA polymerase 8 subunit (rpoB) gene conferring resistance to
rifampicin, bacterial DNA lysate and/or plasmid conferring resistance to beta-lactam antibiotics were
used as a source of extracellular DNA.

Results: The continuous flow in vitro pig gut model was developed to be composed of six independent
vessels under controlled tested anaerobic conditions, pH and temperature. Preliminary natural
transformation using E. coli 153 as the recipient strain and the rpoB DNA amplicon as the donor DNA
demonstrated successful recovery of transformants of E. coli J53 that were both sodium azide and
rifampicin resistant. The study concluded that there is strain competition between the pig microflora
and E. coli J53 that diminishes with bacterial co-culturing.

Conclusions: An in vitro pig gut model was developed and showed potential to be used to determine the
role of trace elements, heavy metals and/or antibiotics in the acquisition of AMR-encoding extracellular
DNA.
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Abstract

Background: UK broiler flocks recently presented with rapidly progressing severe lameness, and, in
some cases, pericarditis. Mortality was 1.5 - 3% higher than the normal average. Co-infections of avian
reovirus (ARV) and enterococcus were confirmed by testing; normally broiler lameness involves single
pathogens.

Materials and Methods: Next generation sequencing (NGS) was performed on extracted nucleic acids
from viral isolates made from 85 commercial broiler cases with a history of lameness, pericarditis,
tenosynovitis, arthritis, and femoral head necrosis. NGS was also performed on colonies from 53
enterococcus culture plates, a total of 40 directly cultured from tissues related to ARV submissions,
while the remaining 13 samples displayed similar clinical signs as described above. NGS sequences
underwent a pipeline of bioinformatics analysis.

Results: Of 39 ARV field isolates successfully sequenced, amino acid identity ranged between 49.54 —
98.76%, placing ARV isolates into genotype clusters [SV1] [DR2] (GC) 1 — 4. A total of 3 isolates (7.7%)
were assigned to GC1, 18 isolates (46.2%) assigned to GC2, 10 isolates (25.6%) assigned to GC3, and 8
isolates (20.5%) assigned to GC4. Enterococcus colonies comprised: 24 samples (47.06%) identified as
E.faecium, 14 samples (27.45%) as E.faecalis, 5 samples (9.8%) as E.gallinarum, 2 samples (3.92%) as
E.avium, 2 samples (3.92%) as E.hirae, 2 samples (3.92%) as E.durans, and 2 samples (3.92%) as
E.casseliflavus.

Conclusion: Three co-infections from leg tendon samples showed ARV GC 2 paired with E.faecium and
two cases of ARV GC 4 with E.faecalis. Other tissues showed different combinations suggesting there is
not a specific co-infection genotype.
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Abstract

Biofilm infections are a serious complication of chronic wounds, with wounds becoming colonised at an
early stage. Although, most chronic wounds are colonised, not all will progress to develop clinically
diagnosable infections. Staphylococcus spp. are commonly identified within chronic wound infections,
with isolates typically being highly virulent and tolerant of antimicrobial products. Fibroblasts, a major
cell type within the chronic wound produce multiple antimicrobial compounds. We have previously
demonstrated that dermal fibroblasts from normal skin and chronic wounds have anti-staphylococcus
activity, however not against Staphylococcus spp. isolates derived from chronic wounds. Here we aim to
understand why some isolates can tolerate dermal fibroblast conditioned medium (CM) when it has
such potent activity against others.

Repeated passaging of three susceptible S. aureus isolates in increasing concentrations of CM from
normal and chronic wound fibroblast indicated that prolonged exposure to CM rapidly increased
tolerance. Tolerance was retained following storage and revival of isolates. Interestingly, prolonged
exposure of S. aureus to the antibiotic gentamicin did not confer any protective effect against CM, even
though gentamicin tolerance was increased. The influence of prolonged exposure to CM on virulence
and protein expression is currently under investigation, as is whole genome sequencing of the chronic
wound derived isolates within our collection. This work highlights that host-microbial interactions, both
direct and indirect, within the chronic wound are likely driving evolution of Staphylococcus spp. within
wounds, potentially contributing to the development of symptomatic infection in some individuals.
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Abstract

Community-associated CDI (CA-CDI) is common, but infection sources are poorly understood. Healthy
pigs can carry C. difficile. Ribotype (RT) 078 is associated with human CA-CDI cases and is the most
common ribotype in pigs in Ireland (Stein et.al.,2017). Moloney et.al.(2021) found genomic relationships
between RTO78 from Irish pigs and human CDI from Europe, providing evidence for broader
epidemiological linkages. The aims were to investigate isolation rates from pigs (birth to slaughter),
identify any relationship to in-feed antibiotic use, and investigate Irish pork for presence of C. difficile.
50.73% of faeces were positive for C. difficile. 95% of sows and 89% of piglets were positive. 78% of pig
isolates were RT078 or RT014. 98% of sows and piglets were RT078. Only 7% of weaner isolates (post-
antibiotics) were RT078, and RT014 was the most common (44%). There was more diversity in finisher
and slaughter isolates- no RTO78 or RT014 were found. 0/96 pork products tested positive for C.
difficile. C. difficile rates varied throughout pigs’ life. HAU farms had lower positivity rates (35.33%) than
LAU farms (61.89%). RTO78 was the most common,varying from 98% in sows to 0% at slaughter. This
provides further evidence of the potential of pigs as a reservoir of C. difficile, especially RT078 and
RT014. In-feed antibiotics initially reduced C. difficile detection rates, but this recovered at slaughter. C.
difficile absence from pork products may relate to EU protocols that reduce chances of food
contamination. These findings warrant further investigation into the pigs’ role in the human CDI
epidemiology.
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Abstract

K. pneumoniae is a leading cause of antimicrobial resistance (AMR) attributable death, and a WHO
priority pathogen. It is a key uropathogen involved in catheter-associated urinary tract infections
(CAUTI) which cause significant burden on healthcare. Up to 85% of patients with indwelling catheters
have polymicrobial infections (Stickler et al., 2008). Urinary catheter infection biofilms are often exposed
to biocides such as chlorhexidine (CHD) during catheter maintenance and adaptation to working
concentrations of biocides in other clinically relevant mixed community biofilms has already been
reported. Polymicrobial catheter infections are currently poorly understood, and a greater
comprehension is required to fully realise the effect of exposure to biocides. Here, we describe the
development of a reproduceable method for studying polymicrobial communities modelled in vitro and
the application of this model for understanding the effects of CHD adaptation on K. pneumoniae in the
context of a polymicrobial community. Using in vitro bladder model system we investigated the effect of
CHD adaptation on K. pneumoniae, in polymicrobial communities of E. faecalis, E. coli, P. aeruginosa and
S. aureus. Our preliminary results have shown that both K. pneumoniae pre-adapted to CHD as well as
the non-adapted parental strain are able to remain stable in a polymicrobial community of common
uropathogens modelled in vitro for 72 hours. These results highlight the effect of biocides on CAUTI
polymicrobial biofilm communities and the potential to utilise our developed method for the study of a
range of biocides and uropathogens.
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Abstract

Type lll interferons, or interferon lambdas (IFNA), are the first line of defence against viral infections of
the epithelia. Despite acting via a distinct receptor, initial reports suggested that they functionally
resemble type | interferons. Both activate intracellular signalling pathways and antiviral functions, and
both are induced by viral infection. Recent data has hinted that there are type lll-specific activities,
although these have not been studied at the protein level. Furthermore, whether IFNA subtypes exhibit
distinct activities is unknown.

We have recently established primary-like human bronchial cells, which retain the ability to
differentiate, as a tractable, physiologically relevant model for dissecting the IFNA response. Using a
systemic temporal highly multiplexed tandem-mass-tag-based proteomic approach, we have identified
common and novel cellular responses to each subset of IFNA in comparison to IFNa. For example, known
modulators of the IFN response, STAT1 and the IFITs were induced by all IFNs, but fascinatingly a sub-set
of responders were only induced by certain IFNA sub-types. Furthermore, as viruses often regulate key
cellular antiviral proteins, we compared our data to a compendium of our proteomic studies across
multiple different viral infections to discover factors that are both stimulated by IFNAs and regulated by
viral infection.

Overall, we have identified novel proteins induced in response to specific IFNA sub-types, a subset of
which are regulated by DNA and/or RNA viruses. Thus, our global, systematic approach has enabled
identification of new candidate innate immune factors which will advance our understanding of viral
perturbation of this response.
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Epidermolysis bullosa (EB) is a heterogeneous group of inherited bullous disorders characterised by
detachment of the epithelium following minimal mechanical trauma. The phenotypic spectrum is varied,
with persistent blistering, inflammation, delayed re-epitalisation, abnormal wound healing and often
infection, leading to disability and, in the most severe cases, death.

The human skin microbiome has adapted to produce molecules that inhibit the colonisation of
pathogenic microorganisms. In EB patients, the skin barrier is broken, and the balance between
commensal and pathogenic microorganisms is altered. Understanding shifts in the microbial
communities of EB patients may lead to the determination of new therapeutic targets that can improve
the management of the skin disorder.

We used whole-genome sequencing to investigate and characterise shifts from a healthy to EB-
associated skin microbiome. In particular, we sampled skin from blisters, healthy skin surrounding
blisters at the time of blister formation and after 48 hours, from dry skin (hands and forearm) and feet
of healthy controls and people with EB. We observed in dry skin of people affected by EB a striking
reduction of the skin commensal Malasezia globosa, known to limit and attenuate Staphylococcus
aureus biofilm formation, protecting the host from infection. Importantly, we found that this fungal
dysbiosis is associated with an increased relative abundance of S. aureus in EB patients on blisters and
the surrounding area during the wound healing process.

This shift may be involved with atypical wound healing, and understanding it further may present
opportunities for improved intervention, leading to improved quality of life.
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Abstract

Staphylococcus aureus is a common source of infections of skin and blood which can lead to life-
threatening complications. This study focuses on the microbial surface components recognizing
adhesive matrix molecules that are responsible for binding cells to human glycoproteins: fibrinogen
(CIfA & CIfB) and fibronectin (FNnBPA & FnBPB). The aims of the project are to identify the genetic
variance associated with distinctive levels of adhesion and identify associations between bacterial
adhesion levels and patients’ clinical manifestations.

A newly assembled collection of 237 S. aureus bacteremia isolates from three hospitals in Poland was
subjected to whole genome sequencing and phenotyped quantitatively to discriminate their ability to
adhere to fibrinogen and fibronectin. Measurement of adhesion to fibrinogen was performed using
stationary grown isolates whilst adhesion to fibronectin was determined for bacteria in the logarithmic
phase. The dose-dependent binding curves were determined for each strain.

The distribution of the adhesion levels across bacteremia isolates was normal. Mean adhesion to
fibronectin was different between isolates from different clonal complexes. Increased adhesion to
fibronectin was seen for isolates from community acquired infections and correlated with patients
inflammatory markers. Mean adhesion to fibrinogen was similar across different clonal complexes. The
increased ability to bind to fibrinogen correlated with the same inflammatory markers and reduced risk
of patients mortality. These results suggest that adhesion levels are indicators of the isolates ability to
induce proinflammatory response.

The ongoing genome wide association study will identify the genetic variance responsible for the varying
levels of adhesion.
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Abstract

Biofilms are consortia of microorganisms that exist within a self-produced matrix, that interact with each
other while attached to a surface. Biofilm formation plays a crucial role in many medical conditions,
including chronic wounds where biofilms are reported in up to 60%. The presence of biofilms within
wounds creates diagnostic and management challenges and impacts upon wound care. Whilst there is
no gold-standard diagnostic method for biofilms, direct imaging using different microscopic techniques
is a key approach for biofilm identification. The impact of biofilms on skin wounds has not been studied
to the same extent as for other organs. To the best of our knowledge, skin-related biofilms have only
been diagnosed by skin biopsies, which are invasive.

We have investigated non-invasive methods to sample in-vivo grown biofilms and processed them for
diagnosis by imaging. Skin swabs for biofilm detection post-irrigation with saline (to remove planktonic
microorganisms) were used as a novel method to collect samples from patients with chronic wounds
that showed no visible signs of infection. Samples were fixed and prepared for scanning electron
microscopy and stained with different fluorescent stains for confocal laser scanning microscopy.

Images demonstrated clear aggregated cocci and bacilli measuring 0.2-1um in diameter and resembling
bacterial cells within a matrix. Hyphae-like structures and inflammatory cells were observed within the
same matrix.

Our results demonstrate, for the first time, that swabs can be used as a non-invasive method for chronic
wound sampling, and for biofilm detection with beneficial consequences on skin disease management
and future research.
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Abstract

Microbes rarely exist in isolation in any niche, instead comprising diverse polymicrobial communities of
various bacterial, fungal, archaeal, viral species/strains. The polymicrobial community composition is not
static and instead is spatiotemporal and niche specific. The diverse nature of these polymicrobial
communities reflects the diversity of possible interactions between various microbes and between
microbes and their host. As such, microbe-host interactions are also spatiotemporal and niche-specific in
nature, ranging from pathogenic to symbiotic at various stages of the infection cycle, depending on a
range of parameters, such as nutrient availability, host health status, host antimicrobial usage, etc. This
is the case with regard to the microbial interactions underpinning chronic colonisation and inflammation
in respiratory disease as well as in the complex interactomes that sustain plant health in the
rhizosphere.

In an attempt to gain some insights into the spatiotemporal dynamics of how species behaviour is
altered in the presence of common co-colonising microbes, the behaviour of clinical and model bacterial
(incl. Pseudomonas aeruginosa) and fungal (incl. C. albicans and C. dubliniensis) strains were studied in
response to host/microbial signals including N-acetyl-glucosamine (NAG). NAG is present in all
protozoans and metazoans, excluding yeast and is critical in cell signalling events, protein localisation,
cell survival under various harsh conditions, etc. Fungal and bacterial pathogens were found to alter
their virulence profiles through biofilm formation, EPS production, pigmentation, and toxin production
in response to specific host signals, adopting a distinct profile when co-cultured in the presence of
competing organisms.
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Abstract

Pseudomonas aeruginosa is an opportunistic pathogen, highly resistant to antibiotics and a major cause
of nosocomial infections. The ability to survive in diverse environments, allows P. aeruginosa to colonise
the lungs of cystic fibrosis patients and establish chronic infections. The presence of three quorum
sensing (QS) systems (rhl/las/pgs) and a wide range of small non-coding RNAs (sRNAs) have been shown
to play an important role in the adaptation of this organism to different environments. sRNAs regulate
gene expression at the post-transcriptional level aiding the adaptation of this organism to rapidly
changing environments. In this study, we have identified a region encoding a sSRNA that overlaps with
the promoter of the pgsABCDE operon from the pgs QS system and named it pgsX. After validating the
presence of the PgsX transcript by Northern blot in the P. aeruginosa model sublines PAO1 and PA14,
the secondary structure of the sSRNA was predicted in silico. The relationship of PqsX with all three QS
systems of P. aeruginosa was investigated using a lux-based bioreporter system. In addition, the impact
of pgsX overexpression on the production of QS molecules from the three QS systems was determined.
This study highlights the importance of sRNAs in the post-transcriptional regulation of the QS systems
adding another layer of complexity to the regulation of virulence in P. aeruginosa.
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Abstract

Surgical site, soft tissue and wound infections are some of the most prominent causes of healthcare
associated infections. The development of antimicrobial textiles and wound dressings is one method of
reducing the transmission of bacterial pathogens in healthcare environments, whilst assisting the
healing process and promoting localised antisepsis. This study aimed to determine the antimicrobial
efficacy of a series of natural Ugandan barkcloths derived exclusively from the Ficus natalensis and
related tree species, which have been produced for hundreds of years using traditional techniques. This
fabric possesses many ideal properties associated with wound dressing technology, including good
gaseous transmission, biocompatibility, mechanical protection, biodegradable and cost-effectiveness.
Antimicrobial susceptibility and time-kill kinetic assays demonstrated that barkcloth derivatives inhibited
the growth of multiple clinically relevant methicillin-resistant Staphylococcus aureus (MRSA) strains and
acted as bactericidal fabrics. Scanning electron microscopy was used to reveal morphological changes in
the MRSA bacterial cell ultrastructure when exposed to different barkcloth derivatives. The observed
antimicrobial properties, combined with the physical characteristics elicited by barkcloth, suggest these
fabrics are ideally suited for wound and other skin care applications. This is the first example where
whole barkcloth products made by traditional methods have been employed as antimicrobial fabrics
against MRSA. Barkcloth is a highly sustainable and renewable product and this study presents a major
advance in the search for natural fabrics which could be deployed for healthcare applications.
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Abstract

Antimicrobial resistance (AMR) is an ever-increasing global issue and it is estimated that deaths
associated with AMR infections will exceed 10 million by 2050. Traditional antibiotics display
antimicrobial activity through direct targeting of key bacterial cellular processes such as cell wall
formation, which are essential for viability but are susceptible to resistance evolution. In contrast, one
approach to combatting AMR is the development of novel Small-Molecule Inhibitors (SMIs) as anti-
virulence agents, which target pathogen specific virulence-related traits, such as enzymes involved in
the generation of post-translational modifications, biofilm formation and toxin production. This study
aimed to determine the antimicrobial and anti-virulence activity of a novel library of SMIs designed for
precision targeting of essential epigenetic bacterial targets including phosphorylation and methylation.
Antimicrobial susceptibility and time-kill kinetic assays identified lead candidates which demonstrated
activity at <5 pM against multiple clinical strains of methicillin-resistant Staphylococcus aureus (MRSA)
and Pseudomonas aeruginosa, with one lead SMI able to partially resolve MRSA infections in a Galleria
mellonella in vivo model. At biologically relevant concentrations, these SMls exhibited no cytotoxic
activity against mammalian skin cell lines including Normal Human Dermal Fibroblasts. Research is now
focused on determining the downstream effects of these SMls on virulence traits, such as biofilm
formation and quorum sensing, in addition to confirming the bacterial cellular target site via affinity
chromatography coupled with determining binding activity. This research represents a significant
advance in the search for novel antimicrobial agents which target essential bacterial processes beyond
those associated with traditional antibiotics.
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Abstract
Background

Antimicrobial tolerance is the ability of a bacterial population to survive in antibiotic concentrations
exceeding the minimum inhibitory concentration (MIC). There is a lack of studies determining if
tolerance develops in vivo in patients receiving antimicrobials. This study determined if Pseudomonas
aeruginosa (PA) tolerance to tobramycin increased longitudinally in people with bronchiectasis treated
with TIP.

Methods

Paired (identical-genotype) within-participant tobramycin-susceptible isolates (mean MIC: 0.59 mg/L)
from a clinical trial (doi:10.1016/j.pupt.2019.101834) were selected: isolates were cultured from
patients before and after treatment with TIP (continuous, n=7; cycling [TIP/placebo], n=5) or placebo
(n=8) [0 to 85 or 113 days]. Time-kill assays were performed with tobramycin (32 mg/L), with total viable
counts enumerated over 7-hours. The time taken (minutes) for a 2-log10 reduction (Minimum Duration
of Killing, MDK99) was determined. The Wilcoxon signed-rank test was used for comparisons.

Results

The median MDK99 trended towards a statistically significant increase from 24.4-minutes before to
32.8-minutes after treatment (p=0.05) in isolates from participants receiving TIP. When these isolates
were segregated into groups based on treatment regimen, increases in the median MDK99 were
observed in both groups but neither were statistically significant (continuous: 24.0-minutes before vs
30.6-minutes after treatment, p=0.2; cycling: 26.7-minutes before vs 34.9-minutes after treatment,
p=0.3). No significant difference was detected in the MDK99 of isolates from participants receiving the
placebo (median: 28.8-minutes before vs 24.0-minutes after treatment, p=0.4).



Conclusion

A modest increase in tobramycin tolerance was observed in PA from patients treated with TIP. Further
work will investigate biofilm-tolerance longitudinally.
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Abstract

Group A Streptococcus (GAS) is a gram-positive bacterium and human pathobiont, and is the causative
agent of a diverse array of infections including scarlet fever, necrotising fasciitis and rheumatic fever. A
major driver of changes to GAS epidemiology and virulence is clonal replacement, a process by which
new variants of an existing lineage emerge. A new clonal lineage of serotype M4 GAS has recently been
reported in Europe and the US, and is associated with enhanced virulence, however the mechanisms
underpinning this change remain poorly understood. A key feature of the emergent M4 lineage is
degradation of all associated prophages, the impact of which on GAS virulence remains unknown.

The ability for degraded prophage to excise from the bacterial chromosome in a process known as
induction was quantified. Three ancestral isolates and three emergent isolates were treated with the
prophage inducing agent mitomycin C. This revealed that the complete prophage could be induced,
whereas the degraded prophage could no longer excise from the bacterial chromosome rendering them
“cryptic”. Growth curves assessing the impact of prophage induction on bacterial cell lysis were
performed and showed that the transition of phage to a cryptic state resulted in a significant reduction
in bacterial cell lysis compared to the ancestral lineage, providing a potential fithess advantage to the
new clone.

Overall, we demonstrate that degradation of all prophage in an emergent linage of serotype M4 GAS
results in inhibition of prophage induction and subsequent survival advantage via a reduction in
prophage-mediated bacterial cell lysis.
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Abstract
Background

Avian pathogenic Escherichia coli (APEC) significantly impacts animal welfare and economic productivity
within the poultry industry. Historically, APEC has been managed using vaccination and antibiotics.
However, resistance and legislative barriers have led to an urgent requirement for alternatives, with
innate immunomodulation showing promise as a potential alternative control strategy.

Methods

In this study, the postbiotic butyrate’s ability to enhance the HD11 chicken macrophage cell line’s
antibacterial activity was investigated. Intracellular survival of serotype 078 and 0111 APEC, as well as
Salmonella Typhimurium was determined by gentamicin protection assays, with cell viability quantified
through trypan blue staining. Nitric oxide (NO) and reactive oxygen species (ROS) generation following
infection was determined using a Griess assay and 2’,7’-dichlorofluorescein, respectively. Finally,
changes in phagocytosis were determined by measurement of the uptake of GFP-tagged K12 E. coli.

Results

Butyrate priming significantly reduced intracellular survival of both APEC serotypes and S. Typhimurium
within HD11 cells (p < 0.05), while having no effect on cell viability. This enhanced antibacterial activity
did not correlate with increased NO production following infection with APEC O78. However, priming led
to significantly increased ROS generation in butyrate primed cells, both at rest and following infection,
alongside greatly enhanced phagocytosis of GFP-tagged K12 E. coli (p < 0.05).

Conclusions

Collectively, the data suggests that butyrate exposure modulates chicken macrophages, improving their
antimicrobial activity against multiple APEC lineages and enhancing phagocytic ability. This study
highlights the potential utility of targeting the innate immune system as a novel infectious disease
management strategy.
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Abstract

The World Health Organisation has declared antimicrobial resistance (AMR) as one of the top 10 global
health threats and estimates 10 million deaths annually attributed to AMR by 2050. Mono and di-
nuclear ruthenium complex offer a novel solution to relieve the burden posed by AMR infections
showing excellent antimicrobial activity against multi-drug resistant pathogens including Escherichia coli
EC958.

Minimum inhibitory/bactericidal concentrations assays used to determine antimicrobial activity of
ruthenium compounds. Time-kill assays and various imaging techniques including structured
illumination microscopy (SIM)/TEM and STEM performed to probe the effect on actively growing
EC958.

Significant activity is shown against clinically isolated multidrug resistant pathogens with concentrations
comparable to standard antibiotics (2.9mg/L [1.6uM] against EC958). Both compounds are also effective
across a broad pH range (4-9). Time-kill assays demonstrate a lag-phase (~30-60min) after introduction
of compound where no change in turbidity is seen with structured illumination microscopy
demonstrating di nuclear ruthenium accumulates within the cell membrane 20 min post exposure
before concentrating inside the cell.

Ruthenium complexes showed potent antimicrobial activity with a broad range both across bacterial
species and across pH ranges, demonstrating the compounds effectiveness across a wide range of
infections where environmental conditions may change throughout the infection time-course. We later
aim to establish a greater understanding of the mechanism of action through a full transcriptomic study.
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Abstract

Pseudomonas aeruginosa is a Gram-negative opportunistic pathogen which is highly resistant to
antibiotics and biocidal products. There is an ongoing need to develop novel approaches for combatting
antimicrobial resistant infections caused by P. aeruginosa. Metals have been used as antimicrobial
agents throughout history for a broad range of applications. Ruthenium (Ru) metallotherapeutic
compounds have potent antimicrobial properties and in contrast to traditional antibiotics, these are
thought to elicit antibacterial activity at multiple sites within the bacterial cell, thereby reducing the
possibility of resistance evolution. Minimum inhibitory and bactericidal concentration (MIC / MBC)
assays, coupled with disc diffusion assays were used to screen a library of Ru metallotherapeutics. One
lead compound was identified which was highly active at inhibiting growth of multiple clinical strains of
P. aeruginosa at <32 ug mL, with loss of viability occurring within 6 h. Crystal violet biofilm assays
showed a decrease in biomass following exposure of P. aeruginosa biofilms over a 24 h period. Scanning
electron microscopy was used to reveal morphological changes in the bacterial cell ultrastructure after
exposure, with evidence of membrane perturbation which supported a proposed mechanism of
antimicrobial activity. Cell culture in vitro scratch assays and 3D skin full thickness wound infection
modelling were used to demonstrate the wound healing potential of the lead Ru metallotherapeutic.
These findings make a significant contribution towards the search for novel bactericidal agents and
further research is now focussed on determining the potential for use as novel adjuvants within
medicinal applications.
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Abstract

Achromobacter xylosoxidans is an emerging opportunistic bacterium that causes chronic, life-
threatening infections in immunocompromised individuals including people with cystic fibrosis (PWCF).
In PWCF, A. xylosoxidans infection is associated with disease severity like infection with Pseudomonas
aeruginosa. However, how A. xylosoxidans interacts with innate immune cells, such as macrophages is
poorly understood. In this study, we have investigated the course of infection of an A. xylosoxidans CF
clinical isolate and its intracellular traffic in human macrophages. We demonstrate that the bacterium
traffics to EEA1-positive vacuoles that mature into LAMP-1-positive phagolysosomes that do not
colocalise with the cathepsin D lysosomal marker, suggesting the bacteria interfere with the end stages
of the normal phagosome maturation, by preventing fusion with lysosomes. The A. xylosoxidans
containing vacuole (AxCV) does not appear to traffic in a LC3b-dependent autophagosomal pathway but
co-localises with dextran fluorescein in phagolysosomal compartments. Macrophages infected with A.
xylosoxidans displayed significant cytotoxicity peaking at 8 hours post-infection, as evidenced by
morphological changes and loss of integrity of the cell membrane, which are due to pyroptosis
induction, as previously demonstrated in our laboratory. Experiments with the actin inhibitor
cytochalasin D demonstrated that multiple A. xylosoxidans clinical isolates adhere to the cells and
additionally induce cytotoxicity extracellularly. Together, we conclude that intracellular survival of A.
xylosoxidans in human macrophages occurs within a phagolysosome that does not progress into a
lysosome and does not interact with the autophagy pathway.
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Abstract

Campylobacter jejuni is the leading cause of bacterial gastroenteritis. Although C. jejuni is a prolific
human pathogen, the mechanisms of the induction of virulence within human intestine and
consequences for host-epithelia are poorly understood, particularly in a 3D tissue context. Previously,
we demonstrated a role for DNA supercoiling as a global regulator of C. jejuni pathogenesis. Drug-
induced relaxation of chromosomal supercoiling resulted in an inducible secretory phenotype (C.
jejuni(S)), associated with increased invasion of human epithelial cells, biofilm formation and survival in
oxygen-rich conditions. We found that this DNA supercoiling modulated invasive phenotype was
associated with disruption of tight-junctions(TJ) and adherence junctions(AlJ) within polarised HT29
monolayers at a significantly faster rate than non-primed C. jejuni. This correlated with observations of
increased paracellular transport not attributable to bacterial autoagglutination. We implemented High-
Content Screening microscopy, challenging polarised HT29 intestinal spheroids with C. jejuni and C.
jejuni(S) to compare bacterial total-association, TJ, AJ and actin cytoskeleton perturbation over 24h
infection. C. jejuni(S) was far more efficient at the disruption of organoid TJ, with total loss of TJ
observed at 4hpi. AJ disruption and loss of F-actin was also enhanced for C. jejuni(S), evident at 24hpi,
and was associated with increased penetrance of viable C. jejuni(S) into spheroids. Infection of spheroids
with pharmacologically inhibited cytoskeleton remodelling revealed that actin remodelling was
necessary for C. jejuni(S) disruption of TJ but only partially needed for dismantling AJ. These results hint
that environmental stimuli (e.g.high oxygen) may prime C.jejuni for virulence.
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Abstract

Burn wound infections are the leading cause of mortality among burn patients. One of the most
commonly isolated burn wound pathogens is Pseudomonas aeruginosa, which is a notorious multidrug
resistant nosocomial bacterium. Due to the antibiotic resistance crisis, there is an urgent need for the
development of alternative treatments for burn infections. One of the potential wound infection
prevention measures is to treat the wound with probiotic bacteria. Lactobacillus spp, are well-known
commensals that have been reported to display antimicrobial activity against Gram-negative and -
positive pathogens largely in the gut. Several different Lactobacillus species have been shown to inhibit
the growth of wound pathogens and to enhance wound healing processes, highlighting its probiotic
potential. Due to the complex nature of burn wounds, they need to be studied in vivo. However, in vivo
models, such as mouse and rabbit model, are challenging, strictly ethically regulated and do not
facilitate screening approaches. The recently established G. mellonella burn wound and infection model
addresses several of these challenges, such as affordability, maintenance, and lack of ethical regulations.
This study shows that in the G. mellonella burn wound model treatments with Lactobacillus colonies and
supernatant have improved the survival of P. aeruginosa infection. It also confirms that the Lactobacillus
spp treatment is non-pathogenic to the host. Furthermore, this study validates the capacity of this
model to facilitate screening for potential probiotics by demonstrating that Lactobacillus spp treatment
can limit P. aeruginosa burn wound infection and improve the survival prognosis in this model.
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Abstract

Streptococcus pneumoniae (S. pneumoniae) is Gram-positive bacterium associated with lower
respiratory tract infections and can cause Invasive pneumococcal disease (IPD) which is linked with a
high morbidity and mortality rate. The human spleen is located in the left upper quadrant of the
abdomen and serves a role in innate and adaptive immune responses as it contains macrophages that
are involved in the defence and clearance of pathogens. Despite the progress in clinical testing, there is
still a major gap in our understating of how S. pneumoniae replicates and evades tissue macrophage
clearance, especially during the early phase of infections. Therefore, we aimed to test the uptake of
bacteria by different macrophage subsets by utilising an ex vivo human spleen model. In a Clinical Trial
(NCT04620824), spleens were collected, perfused ex vivo for 6 hours and infected with a mix of S.
pneumoniae serotypes. Physiological blood gas was monitored, adjusted accordingly, and CFU/ml or
CFU/g of perfusate and biopsies were counted. Data showed that bacteria were found more in the
spleen than in the perfusate. Immunofluorescence staining microscopy analysis showed that there is a
higher number of bacteria associated with red pulp macrophages followed by perifollicular sheath
macrophages and capillary sheathed macrophages and regardless of the strain. Additionally,
opsonisation with antibodies allowed for rapid ingestion by phagocytes where serotype 4 was reduced
over time which indicates an antibody-dependent clearance by macrophages. Our data are the first
indication of the dynamics of bacterial clearance within the main human immune organ.
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Abstract

Staphylococcus aureus is a major cause of bloodstream infections in Nigeria. ST152, typically
community-associated and mecA-negative, is increasingly isolated in hospitals with mecA-positive
genotypes. We characterized invasive S. aureus isolates from the Nigerian reference laboratory and
determined clonal structure, antimicrobial resistance and virulence, focusing on ST152.

The S. aureus were isolated from blood cultures at six tertiary institutions in Nigeria. They were verified
and antimicrobial susceptibility tested at the reference laboratory using VITEK-2 before sequencing on
an lllumina platform. SNP phylogeny was analyzed by a publicly available nextflo pipeline. SCCmec-, spa-,
and Sequence types (STs) were derived with SCCmecFinder, spaTyper, and ARIBA, respectively.
Furthermore, NCBI’s AMRFinderPlus, PlasmidFinder, and VirulenceFinder were utilized for antimicrobial
resistance, virulence, and plasmid prediction, respectively.

Of the 137 S. aureus sequenced, 48 (35%) belonged to ST152. Other predominant clones were ST772
(21; 15.3%), ST8 (16; 11.6%), and ST789 (13; 9.5%). Sixty-two percent (85/137) of isolates were mecA-
positive overall and 27 of 48 ST152 isolates had the mecA. Four SCCmec types (mainly SCCmec Vc) and
26 spa types (mainly t4690) were detected. ST152 was detected at four of the six sentinels and formed
two major sub-clades with most (25; 52.1%) isolates belonging to the ST152-t4690-MRSA-Vc lineage.
Although the ST152 S. aureus isolates were not resistant to multiple antibiotics, 93.8% (45/48) of ST152
were PVL-positive, compared to 53.9% (48/89) non-ST152.

The predominance of ST152 with high mecA and PVL positivity rates observed in this study, indicates
need for active surveillance of these and other staphylococci in Nigeria.
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Abstract

Background: HIV protease inhibitors are associated with two-fold increase in pre-term delivery (PTD)
rates, the main cause of neonatal death, whereas Zidovudine monotherapy, a NRTI, is associated with
decreased PTD. The mechanism is unknown. Bacterial vaginosis (BV), which is associated with PTD, is
characterized by abundant biofilm microbes, e.g. Gardnerella vaginalis and Lactobacillus iners and lack
of protective lactobacilli, e.g. L. crispatus. Certain antiretrovirals inhibit gut pathobionts growth. We
hypothesize that antiretrovirals inhibit BV-associated bacteria (BVAB).

Methods: Broth microdilution method was used to determine the MICs and IC50 values for
Metronidazole and Ciprofloxacin (controls), against G. vaginalis DSMZ 4944, L. iners DSMZ 13335 and L.
crispatus DSMZ 20854 at eight concentrations. MICs and IC50s of current NRTIs were compared to these
antibiotics.

Results: Metronidazole inhibited G. vaginalis growth at MIC of 1.8 pg/mL (IC50 6.1 pg/mL). Ciprofloxacin
inhibited L. iners with an MIC of 0.24 ug/mL (IC50 1.3ug/mL). Zidovudine MIC against G. vaginalis was
39.9 pg/mL (IC50 142.6 pg/mL) and against L. iners 5.5 pug/mL (IC50 19 pg/mL). Abacavir MIC of 4.0
ug/mL (IC50 13.7 ug/mL) against G. vaginalis was two-fold higher than Metronidazole. Emtricitabine
inhibited L. iners (MIC 78.7 ug/mL, IC50 136.7 pug/mL), but not G. vaginalis. Tenofovir (TDF) and
Lamivudine showed no inhibition against G. vaginalis and L. iners. None of the tested compounds
inhibited L. crispatus.

Conclusion: This direct effect in vitro of selected NRTIs against BVAB offers insight into the potential
protective effect in vivo on PTD risk observed with zidovudine.
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Abstract

Catheter associated urinary tract infections (CAUTIs) are amongst the most common infections acquired
in a healthcare setting. Proteus mirabilis infections are particularly problematic for catheterised
patients, and often responsible for blockage of the catheter. Around 50 % of patients with long-term
catheters experience blockage, which often leads to the onset of serious clinical complications such as
pyelonephritis, septicaemia and subsequently death. Crystalline biofilm formation is driven by the
potent P. mirabilis urease enzyme, which converts urea into ammonia leading to an increase in urinary
pH. Alkaline conditions allow crystals of magnesium ammonium phosphate (struvite) and calcium
phosphate (hydroxyapatite) to amalgamate into the developing biofilm in a process called ureolytic
biomineralization. This results in encrustation of the catheter and occlusion of urine flow. Key targets for
control, prevention and detection of blockage therefore include inhibition of biofilm formation,
inhibition of urease activity, and detection of pH elevation to provide advanced warning of catheter
blockage. We have recently developed two distinct but complementary approaches that each work on a
key target for controlling blockage: repurposing available drugs as anti-biofilm agents and novel coatings
that can deliver agents in response to infection. This project will combine these strategies to further
optimise a developed infection-responsive, “theranostic” catheter coating. Optimisation of this coating
will enhance early warning detection of catheter blockage and actively delay this process. In
conjunction, we will trial novel polymicrobial CAUTI models to better understand coating performance
under representative clinical conditions, and provide robust proof-of-concept data in order to reduce
catheter blockage.
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Abstract

Few studies have reported the genomic difference between Salmonella enterica subspecies enterica (S.
enterica) and Salmonella enterica subspecies salamae (S. salamae). This study adds to our
understanding the genomics and pathogenic potential of S. salamae in comparison to S. enterica.

102 S. salamae genomes and 125 S. enterica genomes cultured from the stool of healthy humans,
animals and environmental samples at households in Malawi. Roary and Panstripe were used to assess
the pangenome. Antimicrobial resistance (AMR) determinants, plasmids and virulence genes were
assessed using AMRFinderPlus, MOB_suite and Abricate.

S. enterica and S. salamae were isolated from a range of host species and environmental sites. The core
genome of the 227 genomes was 3,106 genes, S. salamae 3,460 and S. enterica 3,491 genes. The
pangenome of the collection was 16,626 genes, S. salamae 11,250 and S. enterica 10,712 genes. Both
subspecies had an open pangenome and different rates of gene exchange within the population. Thirty-
one virulence genes were determined within S. enterica genomes only, mainly associated

with Salmonella Type 3 secretion system proteins. No virulence genes were detected within the S.
salamae population alone. Overall, there was a low number of AMR determinants within the population.
S. salamae carried only chromosomal AMR determinants. Only IncFll and Inc gamma K1 plasmids were
shared across the whole population of Salmonella.

This is the first-time a comparative analysis of S. enterica and S. salamae genomes has documented
differences in pan- and core genome size, plasmids, virulence genes and AMR determinants between
the two populations.
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Abstract

Pseudomonas aeruginosa filamentous bacteriophages (Pf) are essential virulence factors of this
archetypal cystic fibrosis (CF) pathogen, which contribute to chronic lung infection via promotion of
biofilm formation, antibiotic resistance, and immune suppression. However, Pf phages constitute a
heterogeneous group of viruses with distinct structural properties. Therefore, we aimed to determine
the immune response of human lung epithelial cells after exposure to various Pf phages.

Pf phages were purified from P. aeruginosa strains isolated from CF patients using standard PEG/NaCl
precipitation method. In addition, Pf1 phage suspension (ASLA Biotech AB, Latvia) was used as the
reference. Pf phages in concentrations ranging from 108 to 10! PFU/mL, alone and in combination with
LPS, were used to stimulate A549 human lung epithelial cells. Subsequently, RNA was isolated from the
cells to estimate the expression of genes encoding immune response factors, including TNF-a, IL-6, IL-8,
and IFNs, with SYBR Green RT-qPCR technique.

Altered expression of several genes was recorded in the presence of Pf phages, in particular at
concentrations ranging from 10° to 10* PFU/mL. For instance, Pf1 phage induced the expression of
IFNB1 gene mostly at concentration of 10* PFU/mL. In addition, the expression of TNF-a gene was
modulated by Pf phages in cells simultaneously stimulated with LPS compared with the cells treated
with LPS only.

P. aeruginosa Pf phages interfere with the expression of genes encoding immune factors controlling
anti-bacterial and anti-viral responses.

Research funding: HARMONIA 10 grant (2018/30/M/NZ6/00502), National Science Center (Poland).
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Abstract

The airways of people with cystic fibrosis (CF) are exceptionally susceptible to infections. These
infections are often polymicrobial and include bacteria such as Pseudomonas aeruginosa and
Staphylococcus aureus, as well as fungal species like Candida albicans. These airway infections can be
impossible to resolve through antibiotic intervention, even though isolates of the individual species
present are susceptible to the treatment when tested in vitro. In this work, we used a polymicrobial
model to investigate how key CF-associated pathogens respond to treatment with species-specific
antimicrobial agents such as colistin, fusidic acid, and fluconazole. We found that growth in a
polymicrobial environment protects the target microorganism (sometimes by several orders of
magnitude) from the effect(s) of the antimicrobial agent. This decreased antimicrobial efficacy was
found to have both non-heritable (physiological) and heritable (genetic) components. Whole-genome
sequencing of the colistin-resistant P. aeruginosa isolates revealed mutations in genes associated with
the O-antigen biosynthesis pathway and/or pilus biogenesis, revealing a previously undescribed colistin
resistance mechanism. Using genetic analyses, we confirmed the involvement of such pathways in the
resistance. Moreover, by analysing a collection of nearly 1000 P. aeruginosa genomes, we found a
correlation between the introduction of colistin to the clinic and the emergence of mutations in those
genes. Our findings indicate that the polymicrobial nature of the CF airways is likely to have a significant
impact on the clinical response to antimicrobial therapy.
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Abstract

Staphylococcus aureus is a successful human pathogen with a notable ability to acquire resistance to
many antibiotics. S. aureus encodes a specialised type VIl secretion system (T7SS), which is a key
virulence factor and a putative vaccine candidate, hence it is considered to be a good drug target.
However, the role of the T7SS in bacterial physiology and infection remains unclear. We recently
reported that T7SS mutants are more sensitive to fatty acids, which was attributed to altered cell
membrane integrity. Here we demonstrate that S. aureus strains lacking T7SS effector, EsxC, show an
altered cell surface morphology using scanning electron microscopy. LC/MS analysis showed altered
protein profiles of T7SS mutant membrane preparations compared to the wild type (WT). Localisation of
cell membrane proteins such as flotillin were also altered in the mutants. Additionally, the whole cell
surface charge of esxC mutants was less positive compared to WT. To investigate if the surface changes
would impact bacterial sensitivity to membrane targeting antibiotics, we studied effects of the last
resort drug, daptomycin, on T7SS mutants. We found that T7SS mutants displayed defective growth in
vitro in the presence of daptomycin compared to the WT. Microscopic analysis of propidium iodide
stained, daptomycin-treated bacteria showed an increased cell death in the mutants. Furthermore, in a
murine skin infection model, esxC mutants were killed better when treated with daptomycin. Thus, our
data suggest that the staphylococcal T7SS contributes to the maintenance of cell surface integrity, which
affects sensitivity to membrane-acting drugs such as daptomycin.
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Abstract

Cryptosporidium parvum is a zoonotic parasite with no effective treatments or vaccines. Recent
outbreaks in Wales have seen a 30% mortality rate in bovine neonates. Surviving neonates often have
long-term impacts on their weight gain and milk production. Therefore, preventative vaccines or more
effective treatments, such as monoclonal antibodies, are needed. Fortunately, successful passive
transfer of maternally derived antibodies, through colostrum, has been shown to reduce severity of C.
parvum infections in bovine neonates. In light of this, our research focused on defining the antibody
composition of these successfully transferred maternally derived antibodies in the serum from bovine
neonates.

Our data indicate a difference in IgG subclass composition in neonates with and without disease, as well
as a reduction in binding in those that succumbed to disease. Using purified IgG from neonates that
survived, we have developed a novel in vitro neutralisation assay, that demonstrate the antibodies can
block C. parvum entry.

Taken together this provides data that these antibodies not only bind, but sterically hinder entry of the
parasite, thereby providing protection against infection. Further work is now underway to isolate the
relevant B cells to enable production of these antibodies, with the aim to use them as a therapeutic
agent.
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Abstract

Cupriavidus species are primarily environmental organisms, but some (C. pauculus and C. gilardii) cause
human infections. We recently reported the genomic and phenotypic characterisation of a strain of C.
pauculus recovered from a hospital sink trap, devices that have been linked to outbreaks of (respiratory
tract) nosocomial infections.

Three clinical isolates were identified as members of Cupriavidus using gyrB and 16S rRNA gene
sequencing. They were recovered from patients with cystic fibrosis in the Southeast (isolates H18C1 and
H18C2; 2018) and Northwest (isolate H19C3; 2019) of England. We characterised the isolates using
hybrid genome sequencing, susceptibility profiling and investigation of biofilm formation.

The draft genomes were 5.6 Mb to 7.2 Mb and autoMLST indicated a close relationship of H18C1 to C.
gilardii but did not give species identifications for H18C2 and H19C3. Low average nucleotide identity
and digital DNA-DNA hybridisation indicate that these are members of a novel species.

Eight antibiotic resistance genes were identified, including beta-lactamases and efflux pumps. High
levels of resistance to multiple antibiotics was seen (meropenem, tobramycin, amikacin and colistin).
Fifteen virulence factors were observed. Biofilm formation in the isolates was strongly strain-dependent,
with strain H18C1 exceeding levels seen for the environmental isolate MF1 and higher than for the
known biofilm forming Pseudomonas aeruginosa strain PAO1.

These clinical isolates are potentially novel species of multi-drug resistant Cupriavidus causing human
infection in PWCF and data suggest that they may be acquired directly from (nosocomial) environments.
High levels of antibiotic resistance may impact treatment outcomes.
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Abstract

Background: To determine and evaluate the mechanism of action of a modified coconut oil that has
previously shown promising antimicrobial activity against the opportunistic infection Trichophyton
rubrum.

Methods: Clinical isolates of Trichophyton rubrum and Candida albicans have been cultivated, isolated
and quantified by microbial methods. A modified coconut oil formulation has been prepared according
to a proprietary procedure with components determined by physiochemical, chromatographic and
spectroscopic techniques. C. albicans and T. rubrum were challenged with the modified oil through in
vitro bioassays (minimum inhibitory concentration, time-kill and disc diffusion assays). Microscopy
techniques used such as, scanning electron microscopy and transmission electron microscopy reveal the
morphological effects on the

fungus.

Expected outcomes: To uncover the mechanism of action by establishing the low concentration
ingredients in the oil that are attributing to the antifungal action. By carefully determining the nature of
these entities, the reproducibility of their occurrence and their stability in the oil, allowing an
understanding of the heretofore unexplained antifungal action. Microscopy techniques will establish
what makes T. rubrum susceptible to this promising antifungal

agent.

Conclusion: With limited number of antifungal treatments available on the current market and the
widespread use of a small selection of such agents, there is a fear of a potential rise in antifungal
resistance and therefore a demand for novel antifungal therapeutic agents. Once the modification
process of the coconut oil is proved/validated, by identifying the components that allow the oil to
prevail over the destructive infection, a promising antifungal market contender exists
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Abstract

Antibiotic resistance is a major public health concern worldwide. Novel approaches are required to
curtail the emergence of multi-drug antibiotic resistant pathogens. One appealing strategy is
vaccination, which can reduce infection incidence, lower use of antibiotics and limit resistance spread.
We hypothesise that T cell-mediated immunization is protective for bacterial pathogens such as
Klebsiella pneumoniae and Enterobacter cloacae infections. These bacteria are members of the ESKAPE
pathogens. To test our hypothesis we implemented a reverse vaccinology approach. Bioinformatic tools
were used to construct the core pan-proteomes of K. pneumoniae and E. cloacae using proteomes
available on UniProt. Further, a reverse vaccinology pipeline was implemented to filter proteins based
on their probability to be antigens, homology to human and mouse and size, followed by prediction of T
cell epitopes. At the final stage of the pipeline 346 and 444 putative antigens were identified for K.
pneumoniae, and E. cloacae, respectively. Further, 248 antigens were shared in common, which have
the potential to be cross-protective candidates. The antigens were subjected to molecular cloning
prioritising proteins with the highest antigenic probability rank. Screening over 100 candidates in a
murine in vivo model allowed us to identify top antigenic candidates based on IFNy responses. We show
that our top candidate proteins are immunogenic and cross-protective against K. pneumoniae and E.
cloacae challenge with a significant reduction of bacterial load and inflammation, thus validating our
hypothesis and paving the way for the development of T-cell-based vaccines against ESKAPE pathogens.
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Abstract

Yersinia pestis, the bacterium responsible for bubonic and pneumonic plague, can be transmitted from
flea to human host (bubonic plague) or by respiratory transmission from person to person (pneumonic
plague). During human infection, the bacterium is surrounded by F1 antigen, a protective proteinaceous
capsule formed by thin fibrillae of polymers of the Cafl subunit. CaflR, a transcriptional activator
belonging to the AraC/XylS (A/X) regulator family, controls expression of the caf1MA1 operon.

Based on bioinformatic analysis, protein-DNA modelling and promoter-fusions, promoter Pcaf1M and
CaflR binding site were defined. Mutagenesis of Caf1R defined amino acid residues that were critical to
DNA binding. Mutagenesis of the Caf1R binding site upstream of Pcaf1M confirmed absolute
requirement of both binding sites, BS1 and BS2, within this sequence, for production of F1.

Additional Caf1R binding consensus sequences were identified, within the intergenic region, upstream
of caflR. Highly conserved residues within each motif were mutated and the impact on F1 biosynthesis
monitored. Two of these additional repeat motifs were required for F1 expression, with greatest impact
following mutation of DNA binding site 2 (BS2). This is consistent with earlier evidence of autoregulation
of caflR.

These results characterising basic properties of the regulatory regions of the caf fimbrial cluster, provide
a solid basis to understand the impact of temperature and other environmental factors on expression of
the caf locus and how this interplays with expression of other key virulence determinants and plague
disease in humans.
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Abstract

Co-infections caused by the fungus Candida albicans and the bacterium Staphylococcus aureus result in
prolonged treatment and poorer patient outcome due to a phenomenon termed “lethal synergy” where
C. albicans and S. aureus interact to enhance virulence resulting in worse disease. To understand how
these two microbes interact during disease, this work investigates C. albicans and S. aureus co-infections
using a combination of co-culture and primary human cell infection models, cytometry, multi-omics, and
microscopy. Biofilms of both C. albicans and S. aureus have greater biomass than respective single
species biofilms and mass spectrometry proteomics on C. albicans and S. aureus mature biofilms
revealed proteins with functions in stress responses, quorum sensing, gluconeogenesis and cell wall
structure contributing to increased biofilm. This work considers not only the microbes, but also the
human host cells which play an important role in disease onset. Employing primary human neutrophils,
a co-culture infection model has been established and interrogated to reveal how human cells
recognise, become activated and phagocytose co-infecting microbes. Compared to infections caused by
a single microbes, human neutrophils are attracted to co-infections at a greater rate and have distinct
activation patterns. RNAseq is currently underway and will provide mechanistic insight to synergies and
interferences between microbes and host cells which can be dissected using functional genomics. This
work demonstrates both host and infecting microbes play a role in the outcome of co-infection and this
knowledge has the potential to unveil avenues to rationally interfere with synergism in co-infections.
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Abstract

Lipoproteins (Lpp) are present in all bacteria and play important roles in bacterial physiology and
virulence. Due to their localization at the interface of the bacterial surface and the extracellular
environment, they are often involved in nutrient transport and signal transduction. Lpp consist of three
distinct parts, a lipid moiety that anchors the Lpp to the bacterial membrane, a protein part with diverse
binding and enzymatic activities and a small linear peptide derived from the secretion signal sequence of
the Lpp precursor.

We employed bacterial genetics, transcriptomics, functional assays and murine infection models to
investigate the role of the CamS Lpp in S. aureus toxin production and virulence.

In this study, we demonstrate that the protein component of the CamS Lpp acts as a repressor of toxin
production in S. aureus, and therefore has a distinct biological function from its associated linear
peptide staph-cAM373. Mutation of the protein component of CamS, increases cytotoxin mediated
hemolysis of rabbit red blood cells, cytotoxicity towards human polymorphonuclear leukocytes and
leads to a significant increase in virulence in a murine skin and soft tissue infection model and
bloodstream infections in vivo. Our discoveries establish CamS as a repressor of staphylococcal
cytotoxins and provide the first evidence for distinct biological functions of a Lpp protein moiety and its
associated linear peptide.
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Abstract

Aim and background: This study was designed to find out the identification and prevalence of Listeria
monocytogenes in milk and meat samples from different cities in Punjab, Pakistan.

Methods: A total of 800 samples were collected including farm milk, market milk, slaughter-house meat,
and market meat samples (n=200 each). Pre-screening of L. monocytogenes was performed through
rapid testing strips. Strip-positive samples were subjected to PCR analysis for molecular confirmation.

Results: The overall prevalence of L. monocytogenes through the strip-based method was 6.3%.
However, PCR confirmed the prevalence of 2.25%. Statistical analysis revealed that the difference in
overall prevalence in meat and milk samples from different cities was not significant (p>0.5). The
prevalence of isolated L. monocytogenes from marketed milk and meatwas different significantly.

Conclusion: Phylogenetic analysis indicated the similarity of the L. monocytogenes strain with Chinese
and Indian strains.

Keywords: Listeria monocytogenes, Strip Testing, Phylogenetic analysis, Foodborne listeriosis, Immuno-
prevalence
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Abstract

Background: Subclinical mastitis is a potential threat to the dairy sector and possesses a great challenge
for its earliest detection of pathogens responsible and its proactive treatment.

Objective: The study was aimed to access and analyse the conventional method and multiplex PCR
assays (MPCR) for the simultaneous detection of significant pathogens of sub-clinical mastitis.

Methods: 200 pooled milk samples were collected from Cattle and Buffaloes in Rajasthan from 2020 to
2021. The major bacterial pathogens were identified by conventional method using culture and
biochemical tests and multiplex PCR from milk samples.

Results: The conventional method obtained 97 isolates from 200 pooled milk samples of cattle and
buffalo. Prevalence was detected as Staphylococcus aureus 54 (27%), Streptococcus spp. 30 (15%), and
E. coli 13 (6.5%), respectively, as single or mixed infections. The predominant pathogen detected was
Staphylococcus aureus, Streptococcus and E. coli simultaneously. Multiplex PCR revealed simultaneous
detection of Staphylococcus 65 (32.5%), Streptococcus 37 (18.5%), E. coli, and 16 (8 %) directly from
milk samples.

Conclusion: Investigation results exhibited multiplex PCR assay have higher specificity and sensitivity
making it more reliable assay than conventional method. The multiplex PCR adopted in the present
investigation was simple and rapid assay to determine major pathogens and simultaneously systematic
analysis of milk by multiplex PCR adopted in the current study have potential to become a valuable asset
for determining the status of herd for detection of contagious and pathogens causing environmental
mastitis.
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Abstract

Urinary tract infections (UTI) are one of the most common infectious diseases in dogs. While many UTls
are short-lived, some become chronic with life-limiting complications including

kidney damage and sepsis. Antibiotics are the routine treatment for UTI infections but with increasing
levels of antibiotic resistance there is traction for the development of phage therapy as an alternative
treatment. The most common cause of UTI is uropathogenic Escherichia coli (UPEC) and we have
collected, sequenced and generated an interaction dataset with 300 UPEC strains and 31 phage. This
interaction dataset has been used alongside the whole genome sequences of the bacterial strains to
generate machine learning models that can predict the most effective phage to use against a particular
infecting bacterial strain. In addition, the interaction dataset has allowed us to determine phage activity
groupings and with further phage characterisation and identification of bacterial resistance
determinants we can create effective phage cocktails with the phage predicted to be active from our
models. Key to this work has been using realistic ‘in vivo-like’ conditions to measure phage activity
thereby increasing the likelihood the phage will work in vivo. This work aims to pave the way to use
phage therapy for treatment of dogs suffering from unresponsive chronic UTI infections.
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Abstract

The Middle East respiratory syndrome coronavirus (MERS-CoV) and severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) are Betacoronaviruses capable of causing fatal human infections. Both
viruses are believed to have emerged from bats via an intermediate host (camels for MERS-CoV,
unknown for SARS-CoV-2) into the human population.

MERS-CoV and SARS-CoV-2 are enveloped positive-sense RNA viruses which encode four structural
proteins (envelope (E), nucleocapsid, spike, and membrane (M)). The E and M proteins are involved in
virus assembly, budding, envelope formation, and pathogenesis. Finding cellular protein interactors for
these viral proteins, conserved across species, will increase our understanding of the coronavirus
lifecycle and identify targets for antiviral development.

Three cell lines (human HEK293, bat Pteropus alecto PaKiT and Camelus dromedarius Dubca) were used
for transient expression of the MERS-CoV and SARS-CoV-2 E and M proteins (FLAG epitope-tagged)
followed by co-immunoprecipitation (co-IP) and high-throughput mass spectrometry-based interactomic
analysis. There were 33 high-confidence cellular interaction proteins conserved amongst the different
cell lines and viruses (p < 0.05, 0 > log2 fold change compared to the controls). Before that, the Selection
of 11 cellular proteins was found to interact with the MERS-CoV E and/or M proteins (stably expressed
in HEK293 cells) by LC-MS/MS. To determine the importance of these 44 proteins in the virus lifecycle,
functional validation was done by siRNA depletion in human cells, followed by infection with SARS-CoV-
2. Four proteins have been identified (UBA52, CERS2, LPCAT1 and TM9SF2) when depleted by siRNA
knockdown, reliably reduced SARS-CoV-2 replication.
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Abstract

SARS-CoV-2 has continued to evolve throughout the COVID-19 pandemic, giving rise to multiple variants
of concern (VOCs). These VOCs differ in transmissibility, immune evasion, and virulence with BA.1
(Omicron), and its sub lineages, overtaking Delta to become the dominant strain. Omicron induces a
milder disease, which has been attributed to it preferentially infecting tissues of the upper respiratory
tract.

Multiple studies have examined VOCs in rodent models. However, these have often been limited to
comparing virus replication, weight loss and basic histopathology in animals infected with different
variants. Here, we aimed to (i) gain a better understanding of the complex immunopathology of SARS-
CoV-2 infection, and (ii) develop quantitative methods that could be used to assess virulence in the
hamster model. We used various approaches including RNA in situ hybridization,
immunohistochemistry, bulk RNAseq and RT-qPCR to quantify virus replication, extent of pulmonary
lesions and host responses. We observed higher numbers of Delta-infected cells throughout the
respiratory tract and found that Omicron displayed a limited ability to invade the lung parenchyma.
Upregulation of interferon stimulated genes was directly related to the presence of virus-infected cells.
Importantly, the degree of pulmonary lesions, quantified by assessing type-Il pneumocyte proliferation
and macrophage infiltrates, was considerably higher in Delta- compared to Omicron-infected animals.

This data provided an experimental pipeline that we subsequently used to quantify the virulence of
recent Omicron sub-lineages. This pipeline should prove invaluable for rapidly assessing newly emerging
variants and their potential to cause severe disease as the pandemic progresses.
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Phage display screening of bovine ultralong antibodies to SARS-CoV-2
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Kingdom

Abstract

The urgency for therapeutics in the arms race against SARS-CoV-2 increases with the emergence of each
novel variant. Broadly neutralising antibodies are highly adept at binding conserved epitopes, and, with
a short developmental timescale, they are ideal candidates for antibody therapies. A subset of naturally
occurring bovine antibodies possess the unique ability to bind to conserved epitopes by utilising unusual
paratope structures, courtesy of an ultralong heavy chain complementary determining region 3
(CDRH3). A high throughput screening method is therefore desirable for the isolation of antibody
candidates from the bovine antibody repertoire. Antibody phage display has been a powerful tool since
the 1980's for the isolation and identification of monoclonal antibodies (mAbs). During validation of a
newly developed bovine Fab phage display library, we identified two ultralong mAbs derived from
PBMCs of Bos taurus immunised with various forms SARS-CoV-2 lineage A spike. These two mAbs bound
to the lineage A variant receptor binding domain (RBD) and neutralise SARS-CoV-2 pseudotypes
supplemented with spike from multiple variants of concern. Using this approach to tap into the bovine
immune repertoire for ultralong antibodies highlights a powerful tool for combating rapidly emerging
pathogens.
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The SKI complex is a broad-spectrum host-directed antiviral drug target
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Abstract

The SARS-CoV-2 pandemic has highlighted many deficiencies in our ability to respond to emerging
pathogens. A huge amount of scientific progress has been made during the pandemic with multiple
vaccines and approved drugs now available. To be better equipped for the next viral pandemic, it is
imperative to develop broad-acting antiviral compounds that can be rapidly utilized against known or
novel pathogens. To that end, we have been working to develop a host-directed therapy targeting the
SKI complex. Host-directed therapies have the advantage of minimizing viral resistance through adaptive
evolution and have a greater potential for broad activity with many viruses utilizing overlapping systems
within cells. The human SKI complex is an RNA helicase that works in concert with the RNA exosome to
degrade cytosolic RNA. We have previously reported various chemicals that were in silico modelled to
bind the SKI complex have antiviral activity, inhibiting replication of pathogenic human coronaviruses,
influenza virus, and the filoviruses Ebola and Marburg virus. We are now working to develop these
chemicals towards potential antiviral drugs with continued structural-activity relationship screening and
in vivo studies showing antiviral activity in mice. Along with the drug development work, we are also
studying how targeting this cellular RNA helicase complex can inhibit a broad array of viruses, with
results from transcriptomic and mass-spectrometry studies demonstrating the involvement of
cholesterol biosynthesis pathways. We are therefore working towards developing an understanding of
the underlying mechanism of antiviral activity, and better understanding the cell biological function of
the SKI complex.
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Using Ultravision™ to Capture and Inactivate Viral Particles from Bioaerosols.
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Abstract

Ultravision™ technology is used to clear surgical smoke during laparoscopic surgery. Ultravision™
operates by ‘electrostatic precipitation’ (EP), whereby solid particles are removed from a gas via
electrical energy. Previous studies have shown that EP can capture airborne pathogens. However, little
is known regarding the effects of EP on viral activity. Capturing and inactivating aerosolised viral
particles using Ultravision™ may limit the spread of pathogens that are transmissible by aerosol,
enabling elective laparoscopic surgeries to continue during periods of viral pandemics.

To mimic the release of surgical bioaerosols, model systems resembling open and closed surgery were
constructed. Two viruses were used to evaluate the effects of Ultravision™ on enveloped and non-
enveloped virus particles: a Lenti-SARS Pseudovirus and Adenovirus serotype 5. A known concentration
of each virus was aerosolised into the model systems, exposed to Ultravision™, and collected from a
BioSampler for experimental analysis. Physical parameters affecting the efficiency of EP were altered to
identify optimal conditions for Ultravision™ usage. Samples were analysed for viral presence by gPCR
and viral activity by transduction and plaque assays.

Virus particles were successfully captured and inactivated by Ultravision™, in both model systems.
Ultravision™ functioned most efficiently at 10kV, or when combining two discharge electrodes at 8kV.

This study highlights Ultravision™ as an efficient device for reducing pathogen transmission, however
the exact mechanisms underpinning viral inactivation remain unknown. It was hypothesised that
virucidal reactive species generated by Ultravision™ degrade aerosolised viral particles. Future work
using more representative models is required to confirm findings from this study.
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Measuring SARS-CoV-2 persistence on surfaces to predict the possibility of
fomite transmission contributing to meat processing plant outbreaks and
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Abstract

The meat processing industry was particularly badly affected by COVID-19 with outbreaks occurring in
meat processing plants (MPPs) and some evidence suggesting contaminated foods can transport SARS-
CoV-2 between countries during shipment. Conditions maintained in MPPs appear to increase the risk of
SARS-CoV-2 transmission with prolonged viability of SARS-CoV-2 outside the body in these environments
potentially contributing to this. This study investigated persistence of SARS-CoV-2 on surfaces by
inoculating relevant materials with virus and incubating under conditions reflective of Irish MPPs or
conditions used for shipping foods. Viable SARS-CoV-2 recovered from surfaces was measured overtime
using cell culture based techniques. When incubated at temperatures used for shipping, SARS-CoV-2
recovery from beef, pork meat, pork fat, salmon flesh and salmon scales was temperature sensitive and
significant variation between some surfaces was measured. Similarly, surface type also impacted SARS-
CoV-2 recovery following incubation at higher temperatures with more rapid loss of viability observed
for abiotic surfaces compared to foods. Fomite transmission during MPP outbreaks cannot be ruled out
due to the recovery of SARS-CoV-2 from stainless steel and fabric for at least ten hours, and conditions
maintained in plants were found to increase viability. This data supports a multi-layered approach to
reducing the risk of airborne infections, such as SARS-CoV-2, which mitigates against fomite
transmission as well as reducing the risk of aerosol or respiratory droplet transmission in MPPs.
Recommendations based on these findings include routine disinfection of surfaces and, where possible,
increasing environmental temperatures.
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Abstract

The virulence of SARS-CoV-2 varies between distinct variants of concern (VOCs). For example, delta
(B.1.617.2) is more virulent than the original B.1 (Wuhan D614G), while omicron (B.1.1.529) has a
relatively attenuated phenotype. As SARS-CoV-2 continues to evolve, it is important to monitor the
virulence of newly emerging variants. Importantly, virulence of VOCs in the human population can be, so
far, experimentally recapitulated in animal models such as the golden hamster. Hence, developing
robust methods to experimentally assess virulence of SARS-CoV-2 variants can be used in risk-
assessment frameworks for new emerging VOCs. Here, we used various experimental digital pathology
platforms to assess the virulence of SARS-CoV-2 in hamsters. All our analyses were performed on whole
scanned tissue slides by quantifying the number of specific cells or size of areas stained with antibodies
or RNA probes in bright field microscopy to comparatively assess lesions in the respiratory tract of
infected hamsters. To overcome the challenge of relying on semiquantitative scoring systems for
histopathology findings, we applied software-assisted analysis procedures to (i) minimize bias and to (ii)
increase the speed of data-acquisition. For a deeper understanding of the mechanistic immunological
differences between VOCs we complemented our analysis with spatial phenotyping including high-plex
protein-staining for studying the complexity of tissue microenvironment as well as spatial
transcriptomics. As a result of this study, we generated a reliable, standardised, and reproducible
pathology-based pipeline to assess the virulence of SARS-COV-2 VOCs in hamsters, including
intermediate phenotypes between highly virulent and attenuated VOCs.
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The use of pseudotyped lentivirus to pre-screen neutralising antibodies ahead
of BSL-3 testing
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Abstract

Background: SARS-CoV-2 is a biosafety level 3 pathogen and requires specialist laboratory facilities to
handle virus stocks and test anti-viral compounds. We investigated the use of pseudotyping technology
to screen therapeutic anti-SARS-CoV-2 antibodies at biosafety level 2.

Methods: Antibodies were mixed with a GFP-expressing lentivirus harbouring the SARS-CoV-2 spike
protein. BSL-2 assays were run using HEK293 cells overexpressing viral target receptors ACE2 and
TMPRSS2. GFP expression was measured by IncuCyte Zoom and used to calculate percentage infection.
BSL-3 assays were run using Vero E6 cells overexpressing the TMPRSS2 receptor and three strains of
SARS-CoV-2 (Wuhan, Delta and Omicron). Cells were stained with anti-SARS-CoV-2 nucleocapsid
antibody and imaged to quantify percentage infection.

Results: An anti-SARS-CoV-2 nanobody inhibited infection with both pseudovirus and the Wuhan strain
of SARS-CoV-2. Pooled SARS-CoV-2 convalescent plasma (WHO standard) inhibited infection at low
concentrations in the pseudovirus assay. Results were mirrored in assays against the Wuhan and Delta
strains of SARS-CoV-2. The WHO standard showed inhibition of the Omicron strain at the highest
concentrations only. To control for non-specific effects an isotype control was used. This did not inhibit
infection with either the pseudotyped virus or authentic SARS-CoV-2.

Conclusions: In summary, we have found that virus neutralisation assays using lentivirus pseudotyped
with the SARS-CoV-2 spike protein under BSL-2 conditions were directly comparable to assays runin a
BSL-3 lab using live SARS-CoV-2. The ability to identify potential neutralising compounds of BSL-3 viruses
in a BSL-2 setting could reduce the costs for these early screening phases.
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Abstract

The emergence of SARS-CoV-2 has caused millions of deaths worldwide. Although current vaccines
provide protection against severe disease in the majority of the population, there is still a great need for
therapeutics for immunocompromised and severely ill patients. The design of therapeutics is challenging
due to new variants emerging every few months. In this study we present the discovery of a bovine
broadly neutralising monoclonal antibody which can neutralise, in vitro, all the SARS-CoV-2 variants to
date. We performed consecutive immunisations on two cows with Lineage A SARS-CoV-2 spike and
peripheral blood mononuclear cells were isolated from the last bleed. Using flow cytometry, single
spike-reactive B-cells were sorted, their IgH and IgL sequences were retrieved with PCR, then cloned into
a human antibody cassette and expressed in mammalian cells. A panel of 31 monoclonal antibodies was
generated of which 21 bound to SARS-CoV-2 spike. A full characterisation was performed with binding
and neutralisation assays using spikes from different variants to assess breadth and potency. One
antibody was selected based on the best ECso and 1Cso value across all variants and was tested in an in
vivo hamster model, showing lung protection against Lineage A live virus comparable to the
commercially available Ronapreve. Further in vivo tests will be performed against new variants
compared to commercial current therapeutics to determine its clinical potential.
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Investigating the role of SARS-CoV-2 NTD Spike mutations in viral entry,
transmission and evading host immunity.
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Abstract

Mutations within the SARS-CoV-2 genome have arisen throughout the COVID-19 pandemic, and in
certain instances, these have given rise to variants leading to repeated epidemic waves of infection (i.e.,
Alpha, Delta, Omicron). Mutations within the Spike protein are of particular significance as Spike is the
main target for neutralising antibodies (nAbs), a fundamental component of vaccine and infection
derived immunity. The majority of nAbs are targeted against the S1 domain of Spike, especially the
receptor binding domain (RBD) or regions closely adjacent to the ACE2-binding interface. Antibodies are
also able to potently bind a “supersite” on the N-terminal domain (NTD) within S1, but this mode of
action is less well understood. To investigate this, we synthesised a database of individual or
combinatorial extant Spike NTD mutations or deletions, which were subsequently used to generate
lentiviral-based pseudotypes. We first tested whether any of these mutations or deletions were
essential for productive viral infection. We then screened functionally active pseudotypes against sera
and monoclonal antibodies from vaccinated and/or infected individuals exposed to different SARS-CoV-2
variants to look for specific effects of NTD mutations on nAb responses. Elucidating the effect of RBD
and NTD-specific mutations on nAb responses, either alone or in combination, is an important element
of continued SARS-CoV-2 surveillance.
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Importance of molecular epidemiological surveillance: updated picture of SARS-
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Abstract
Background

SARS-CoV-2 is incessantly mutating, producing variants that become a challenge for public health
maintenance. In Mexico, its molecular epidemiological description has been limited. This study aims to
determine the temporal distribution of SARS-CoV-2 mutations and demonstrate the importance of
maintaining its surveillance.

Methods

We included 557 samples from subjects who presented a positive nasopharyngeal swab against SARS-
CoV-2 with a CT £30. These samples were collected from March 2020 to July 2022 by the Molecular
Diagnostic Laboratory at the University of Monterrey (UDEM) in Mexico, and the variants were
determined by real-time PCR.

Results

Of the 557 positive samples, 79.3% (442) were wild-type strains and 20.7% (115) were non-wild-type
strains. These latter included Alpha, Beta, Delta, Gamma, Omicron, and some that were not identified
(0.8%). The three variants with the highest frequency were Alpha (30.4%), Omicron (27.8%), and Delta
(18.3%). Our studied population had an expected turn from wild-type (at the beginning of the pandemic)
to non-wild-type variants (as the pandemic progressed). It is essential to denote, that Alpha, Beta, Delta,
and Gamma variants, were detected in our laboratory before they were officially reported in the
epidemiological surveillance sites in Mexico.

Conclusions
Like many other viruses, SARS-CoV-2 mutates at a rate exceeding our early detection capacity.

Epidemiological molecular surveillance makes it possible to know the ongoing variants and provide
effective sanitary measures.
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Abstract

Given the pace of SARS-CoV-2 transmission and its relatively high mortality rate, COVID-19 has become
the most severe pandemic in recent times. Nigeria with many densely populated cities and poor health
infrastructure presents a unique situation for the explosive spread of SARS-CoV-2. ACEGID is at the
centre of the genomic revolution in Africa having provided over 50% of SARS-CoV-2 genomic sequences
from Nigeria. Taking advantage of the progress made in genomic surveillance on the continent, we
established the Africa rapid immunosurveillance system for epidemic response (ARISE), with the aim to
generate immunologic data to understand the impact of these emerging variants on both natural and
vaccine-induced immunity. We used ELISA and/or Luminex/MAGPix bead-based multiplex antibody
assays to screen sera for antibodies against antigens from different SARS-CoV-2 variants. Generating
full-length spike genes for each of the sequenced variants enabled us to determine if immune sera could
neutralise pseudotyped viruses expressing variant spike genes in real-time. Our results showed that
while both convalescent and vaccine sera induced strong cross-reactive binding and neutralizing
antibody responses to the circulating SARS-CoV-2 variants, sera from asymptomatic, seropositive
participants did not bind or neutralised the Omicron variant. The overarching goal of this project is to
contribute to new knowledge by generating immune data to match PCR-confirmed variants sera. This
will inform governmental (NCDC, AfricaCDC) vaccine response policy. By combining genomic and
immunologic technologies to combat SARS-CoV-2, we will have an informative platform that will inform
African global health strategies to combat future infectious disease threats.
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Abstract

Whole-genome sequencing has been critical for Aotearoa New Zealand’s response to the novel severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent behind the coronavirus
disease 2019 (COVID-19) pandemic. Early in the pandemic, the rapid and distributed approach to
sequencing made possible by Oxford Nanopore Technologies provided near-real-time data for contact
tracing and supported the elimination of SARS-CoV-2 from New Zealand. While New Zealand’s
international borders were closed, sequencing of cases among returning travellers provided vital data on
the transmission of SARS-CoV-2, including some of the most robust early evidence for transmission on
aeroplanes and via aerosols indoors. As New Zealand moved out of the elimination phase to managing
COVID-19 in the community, whole-genome sequencing became a key part of the surveillance of COVID-
19. Here, we present a summary of the changing role of whole-genome sequencing for COVID-19 in New
Zealand. We focus on how the early success of whole-genome sequencing in managing SARS-CoV-2
contributed to fundamental research and how the infrastructure developed early in the response is now
being used to support surveillance of SARS-CoV-2 and other viruses.
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Abstract
Background

Addressing the limited published information regarding the immunogenicity of the CanSinoBio vaccine
in our population, we analyzed immunological data of our faculty staff.

Materials

An observational study was performed including population of the northeast region of Mexico. A brief
survey was performed, subsequently a comparison of SARS-CoV-2 spike 1-2 IgG antibody titers was
carried according to the SARS-CoV-2 infection history.

Results

A total of 665 participants, age (IQR) 44 (36-52) years, 38.3% men, were included. From those, 72.2%
were immunized with Ad5-nCoV, 15.8% received BNT162b2, and 12% of the participants received a
different vaccine. The participants vaccinated with Ad5-nCoV showed a seropositivity proportion of
80.2%. Participants with a positive history of SARS-CoV-2 infection had a median (IQR) titer of antibodies
of 804 (465-1250), those with a negative history had a median of 48.2 (17.22-146.75) (p=<0.001) after a
median of 87 (62-91) days from immunization. In participants with BNT162b2 vaccine the median titer
of antibodies was 1144 (387.5-2737.5) vs. a median of 602 (239-1030) in participants without a previous
SARS-CoV-2 infection (p=0.011) after 54 (36.5-87) days from fully immunization.

Conclusions
A positive history of COVID-19 showed an induction of higher levels of SARS-CoV2 spike 1-2 IgG antibody

titers. The Ad5-nCoV vaccine had a lower seropositivity and antibody titers however the participants
with this vaccine had the longest time from the immunization.
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Abstract

In this study we explored some of the underlying mechanisms hypothesised to be key drivers for the loss
of viral infectivity whilst in the aerosol phase. A next generation bioaerosol technology was used to
explore the aero-stability of the of several of the variants of concern of SARS-CoV-2. Viral infectivity was
measured after aerosolization and levitation at high (90%), medium (65%) and low (40%) relative
humidities (RH), at intervals over 40 minutes. When compared to the ancestral strain, the Delta variant
infectivity displayed distinctly different decay profiles for the first 60 seconds, after which they became
identical. At low RH, a loss of viral infectivity of ~55% was observed over the initial 5 seconds. Regardless
of RH and variant, >95% of the viral infectivity was lost after 40 minutes of aerosolization. At time scales
below 5 minutes the Delta variant was found to be less aero-stable than the Beta variant, which itself
was less aero-stable than the Alpha variant and ancestral strain. Aero-stability of the variants correlated
with their sensitivities to alkaline pH. Removal of all acid vapour dramatically increased the rate of virus
infection decay, with 90% loss after 2 minutes of aerosolization. A model to predict loss of viral
infectivity is proposed: at high RH, the high pH of the aerosol droplet drives the loss of viral infectivity; at
low RH, the salt content limits the loss of viral infectivity. A similarity to the infectivity decay profiles in
droplets consisting of artificial saliva and growth medium is confirmed.



P183

An ante-mortem assay to identify Jaagsiekte Sheep Retrovirus from whole
blood samples
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Abstract

Ovine Pulmonary Adenocarcinoma (OPA) is an infectious lung tumour of sheep caused by Jaagsiekte
Sheep Retrovirus (JSRV). Found in flocks across the UK and Ireland, OPA causes significant economic
losses in affected flocks. There are currently no treatments or vaccines to mitigate infection. While
thoracic ultrasound is currently the best available screening test for OPA in live animals, it requires
highly trained veterinarians and a long-term approach to eliminate OPA from infected flocks. The
primary sites of replication and neoplastic transformation of JSRV are Type Il pneumocytes of the lung,
resulting in transmission of virus mainly through close contact between animals. Viral nucleic acid has
previously been detected in lymphocytes and monocytes/macrophages. Recent studies have indicated
that viral nucleic acid is present in extracellular vesicles/exosomes within peripheral blood of retrovirus-
infected individuals, including HIV infection. Due to the low abundance of JSRV proviral nucleic acid
within peripheral blood, current PCR-based assays have poor sensitivity, particularly in early stages of
infection, which has resulted in significant challenges to the development of diagnostic blood tests for
pre-clinical OPA. We have designed improved PCR assays and liquid biopsy techniques with the aim of
developing more sensitive and specific assays for diagnosis of OPA using a blood sampling approach. We
will present the findings of a proof-of-principle assay using peripheral blood mononuclear cells and
plasma-derived exosomes from experimentally- and naturally infected sheep.
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Abstract

Since the start of the COVID-19 pandemic there have been several instances of reverse zoonotic
transmission. However, significant gaps remain in our understanding of the role of non-human species in
the transmission of SARS-CoV-2, and the potential for wild animals to act as reservoirs and/or
amplifying hosts. We conducted opportunistic sampling of wild mammals across the UK, using a network
of contacts involved in wildlife management, rehabilitation, conservation and research. Swab samples
collected from badgers (n=181), foxes (n=214), mink (n=18), grey squirrels (n=2), bats (n=84), stoats
(n=11) and deer (n=40) tested negative for SARS-CoV-2 RNA by E-gene RT-PCR. Bat swabs were also
tested by Pan-CoV PCR which yielded four positives (n=3 for alphacoronavirus in Daubenton’s,
Natterer’s and Common pipistrelle bats and n=1 for betacoronavirus in a Brown long eared bat). Serum
samples from a badger (1/251), a fallow deer (1/9), and a fox (1/4) tested positive by ELISA and virus
neutralisation test (VNT) against delta and/or omicron variants. In addition, five of 251 (2.3%) badger
sera samples tested non-negative by ELISA, but negative by virus neutralisation test (VNT) against delta
and omicron variants. Serological investigations to identify the variants are underway. The results do not
confirm active infection in these wild species, but they are consistent with exposure to SARS-CoV-2.
Surveillance of wild species is ongoing. Identification of exposed and/or infected species can inform
disease surveillance and risk management strategies.
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Characterisation of cytokine responses in hamster lung and nasal turbinate on
SARS CoV-2 infection with Beta and Omicron variants.
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Abstract

The golden hamster (Mesocricetus auratus) model of SARS CoV-2 infection is frequently used in
immunological studies. These studies are designed to test the breadth and persistence of vaccine or
innate protection from subsequent infection. As different viral variants have emerged, differences in
replication site and cell specificities in infected subjects have been noted.

Here we examine the innate transcription profile of hamster tissues from pairs of animals actively
infected with beta and omicron variants using gPCR. We identify pathways that are differentially
expressed in tissues and correlate these with blood cytokine levels. We compare with signatures seen in
tissues some weeks after resolution of infection to attempt to recapitulate histochemical evidence of
lung damage. Further resolution of lymphoid cells from these tissues will be elucidated using single-cell
analysis.

Understanding those pathways differentially affected will improve modelling of human disease states
and may establish cytokine correlates of protection and disease severity.
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Abstract

Given the global public health problem that SARS-CoV-2 still represents, the present work aimed to
identify and investigate the potential of peptides derived from Bothropstoxin-I, a myotoxin from the
Bothrops jararacussu snake, to inhibit SARS-CoV-2 infection. Eight synthetic peptides were analyzed,
developed with modifications on their structure from a peptide sequence (MR1903) that had already
been shown to possess antimicrobial activity. For this study, we determined the maximum non-cytotoxic
concentrations for the peptides on Vero and BHK-21 cells, then investigated the activity in different
phases of the virus replication cycle. Seven peptides showed acceptably low levels of cell toxicity and
were taken forward for an initial antiviral trial. Four peptides (MC1937, MC1947, PE1940, and MR1903)
exhibited antiviral potential, inhibiting up to 95% of SARS-CoV-2 infectivity. Time of addition studies
showed that MC1937, MC1947, and PE1940 exhibited significant inhibition of both entry and post-entry
events, together with virucidal activity. On the other hand, MR1903 demonstrated inhibition only for
entry and post-entry events. By the results obtained so far, it is possible to conclude that four of the
peptides selected present promising in vitro results as potential antivirals against SARS-COV-2. Further
experiments to elucidate the mechanisms of action of the peptides will be presented.
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Abstract

Since SARS-CoV-2 emerged, studies characterizing the virus have been hindered by the necessity to work
at containment level 3 (CL3), highlighting the need for a biosafe form of the virus (“replicon”) that can
be used for investigations at CL2.

SARS -CoV-2 replicons corresponding to Wuhan-Hu-1 and the Delta "variant of concern" were generated
by replacing the Spike, Membrane and ORF6/0ORF7a genes with puromycin resistance, Renilla luciferase
(Rluc) or fluorescent reporter genes respectively. Electroporation of replicon and N-gene in vitro
transcripts into permissive cells resulted in transient but not stable replicon replication. Replicon
replication was assessed using Rluc activity assays, marker protein fluorescence and immunostaining.

Replicon replication in VeroE6 cells was inhibited by remdesivir at IC50 concentrations in the low-
micromolar range, in line with assays using the parental viruses. In human cells such as Caco-2, the IC50
of remdesivir was in the low nanomolar concentration range, demonstrating a highly sensitive surrogate
assay for virus replication. As the replicons lack Spike they can be used to identify antivirals that effect
viral intracellular replication. This rationale was applied to investigate non-Spike mediated anti-viral
effects of drugs including; Avasimibe, Cobicistat and Ritonavir. Using transient replicon replication
assays, all three drugs were identified as inhibitors of intracellular replication. Comparison of replicon
and parental virus replication complexes using correlative light electron microscopy and tomography is
in progress.

The replicon system provides a useful toolbox to investigate inhibitors of SARS-CoV-2 replication as well
as virally induced cellular ultrastructures at CL2.
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Regulation of influenza A virus and SARS-CoV-2 replication by N6-
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Abstract

N6-methyladenosine (m6A) is the most prevalent internal modification on eukaryotic mRNA. It
influences nearly all aspects of MRNA metabolism, and thus functions as an important mechanism for
post-transcriptional gene expression regulation. m6A methylation is also found on many viral RNAs.
Interestingly, the presence of this modification on viral and cellular RNAs has been shown to have a
significant effect on the replication of numerous viruses. These effects were proposed to be mediated
through direct effects of m6A on viral RNAs as well as enhanced antiviral innate immune signalling and
downstream gene expression in host cells depleted of the m6A methyltransferase METTL3/14. However,
exactly how these processes are controlled by m6A remains poorly understood. Furthermore, there is
conflicting evidence over the precise roles of m6A in influenza A virus (IAV) and SARS-CoV-2 replication.
Here we employ a highly potent and selective small molecule inhibitor of METTL3/14 and show that
global suppression of m6A addition restricts replication of IAV and SARS-CoV-2. Our preliminary data
indicates that blocking type | interferon (IFN) signalling potently rescues IAV but not SARS-CoV-2
replication in cells with suppressed m6A methylation. This suggests that the type | IFN response is
regulated by m6A and contributes to inhibiting IAV replication, while replication of SARS-CoV-2 is
regulated by m6A though another mechanism. Collectively, these findings demonstrate that m6A
modification is required for replication of the two unrelated respiratory viruses, potentially through
distinct mechanisms.
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Generation of SARS-CoV-2 fluorescent reporter viruses for live cell analysis of
virus replication.
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Abstract

SARS-CoV-2 remains a worldwide health concern, and a major focus of research; particularly with the
continual emergence of new variants.

Using a yeast based reverse genetics system we generated a panel of SARS-CoV-2 viruses expressing
fluorescent reporters in place of non-structural open reading frames (ORFs) allowing the use of live cell
imaging to visualise viral replication and spread. Initially replacements were introduced into ORFs 6, 7,
and 8 of the parental Wuhan-Hu-1 virus, to test which of the gene replacements was most disruptive.
Analysis of the growth kinetics of the viruses in Vero cells expressing TMPRSS2 (VTN) and A549 cells
expressing ACE2 and TMPRSS2 (A549-AT) compared to the parental virus showed little difference in
virus replication in VTN cells but ORF7 and 8 replacement viruses demonstrated attenuated replication
in A549-AT cells. Transcriptomic analysis of A549-AT cells 18 hours post infection with either the
parental or fluorescent reporter viruses has been done to investigate the basis of viral attenuation.

Recently, recombinant viruses containing the equivalent gene replacements in the backbone of the
Omicron BA.5 variant of concern have been rescued, allowing direct comparison between these and the
initial Wuhan strain.

In addition to basic replication studies, the fluorescent reporter viruses are being used for antiviral
testing and analysis after initial benchmarking against the parental virus using remdesivir.

We believe that our fluorescent SARS-COV-2 viruses provide a valuable tool for continuing research into
SARS-CoV-2, both in our understanding of the virus as an entity, but also in efforts to identify effective
interventions.
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Abstract

Background: Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), the etiological agent of
COVID-19 (Coronavirus Disease 2019), has spread around the world, causing more than 649 million
confirmed cases and 6.6 million deaths. Despite vaccination, SARS-CoV-2 infection still poses a threat to
individuals and public health systems due to both Long-COVID syndrome and the potential for
emergence of new SARS-CoV-2 variants. Therefore, it is essential to identify antiviral molecules that can
abrogate viral infection. The use of synthetic compounds based on natural scaffolds, such as those from
the acridone family, has attracted attention due to their reported activities against several RNA viruses,
the possibility of chemical modifications, large-scale production, and patentability. Here we evaluated
the inhibiting potential of FAC2, an acridone synthesized based on a natural scaffold from Brazilian
plants, against SARS-CoV-2 infection. Methods: FAC2 was screened for its cytotoxicity in BHK-21 and
Vero E6 cells, and the highest non-cytotoxic concentration was selected to evaluate the effect on SARS-
CoV-2 entry and replication using: i) a VSV-pseudotyped viruses expressing the SARS-CoV-2 S protein
(VSV-S-SARS-CoV-2) at 100 pfu/well and ii) a SARS-CoV-2 subgenomic replicon. Results: FAC2 at 10 uM
inhibited 47% of VSV-V-SARS-CoV-2 infection in Vero E6 cells, and inhibited 67.4% of SARS-CoV-2
subgenomic replicon at 50 uM in BHK-21 cells. Conclusion: Data suggest that FAC2 has the potential to
inhibit the SARS-CoV-2 replicative cycle through different modes of action.
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X-ray irradiation inactivates SARS-CoV-2 variants, while retaining structural
integrity of virus antigens.
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Abstract

The establishment of a robust and flexible workflow to quickly adapt and respond to new variants of
concern (VOCs) is the key to protecting public health during pandemics. Utilisation of X-ray technology
to inactivate SARS-CoV-2 variants provided an avenue to reduce reliance on cumbersome high
containment facilities and increase throughput. Non-infectious whole virus stocks of high titre VOCs
were produced on the commercially available MultiRad 225 X-ray irradiator using established
methodology. All irradiated samples were confirmed non-infectious through three rounds of
consecutive 1-week tissue culture passage in Vero E6 cells. No signs of cytopathic effect were seen in
any flasks infected with irradiated material and no increase in genome copies was detected for
irradiated samples through real-time PCR. Furthermore, irradiated samples were also seen to show no
difference in LFD sensitivity compared to live stocks and inactivated whole virus particles were
confirmed through TEM imaging. These results confirm that X-ray irradiation can preserve structural and
antigenic integrity of samples, while producing inactivated material suitable for multiple downstream
applications including antigen detection assays (our material was widely used for LFD development,
validation and rollout during the pandemic response). This is a capability not shared with many other
conventional inactivation techniques, except from gamma irradiation. However, unlike gamma
radiation, X-ray sources do not suffer from the same security and costs associated with ‘live’ radiologic
materials. Therefore, these results support the notion of X-ray irradiation being a safer and cheaper
alternative to producing structurally pristine inactivated material within pandemic environments.
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Abstract

Most antiviral treatments for Covid-19 are monotherapies administered when individuals are
hospitalized with severe disease. These therapies do not address the global clinical unmet need of
treating early mild to moderate disease, which would diminish disease progression and the impact of
long-covid. Treating earlier in the disease course with new combinations of approved drugs at home is
the UK government’s preferred focus for identifying new covid-19 therapeutics. Novel drug
combinations may enhance antiviral activities, diminish the risk of escape mutants, and potentially
improve clinical outcomes compared to monotherapies.

From the literature, we identified 133 re-purposed drugs with significant antiviral activity against SARS-
CoV-2 in pre-clinical testing. Our MuSIC platform was used to screen this customized library to identify
synergistic interacting compounds with SARS-COV-2 antiviral activity. Five compounds per well were
assigned by the algorithm and ‘hits’ which showed >90% inhibition in cytopathic effects (CPE) in Calu-3
and VAT (Vero overexpressing human ACE2 and TMPRSS2) cells were de-convoluted. CPE induced by
SARS-CoV-2 Delta variant was determined 3 dpi using a cytotoxicity Assay.

Our results revealed 103 selected hits overlapped in the two cell lines, which consisted of 18 double and
162 triple combinations. Successful hits were characterized against 3 other variants (Alpha, Omicron
BA.1 and BA.5), and 1C50s/1C90s were determined in both cell lines. Optimal dosing ratios for the
combination treatments were established. Hits were further ranked based on drug synergism and
clinical profiling.

We identified potential combination therapies for SARS-CoV-2 and are currently preforming virology
studies to validate promising combinations.
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Mutations in Spike gene of SARS-CoV-2 Omicron that confer altered tissue
tropism and cell entry and determine attenuation, are distinct from those that
encode antigenic distance
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Abstract

During the course of the COVID-19 pandemic new variants of SARS-CoV-2 have continuously emerged
and some have come to predominate, earning them the designation of Variant of Concern (VOC).
Epidemiological data allows us to observe the relative successes of distinct viral genotypes in the
population but the phenotypic traits which determine this success have taken more time to elucidate.
The ability of a novel SARS-CoV-2 variant to displace the dominant VOC results from a transmission
advantage which may owe to any one or a combination of characteristics including enhanced escape
from pre-existing immunity, more rapid replication in human host cells and altered cell tropism.

The Omicron BA.1 sublineage emerged in 2021 and rapidly displaced the Delta variant before itself
giving way to BA.2, BA.5, XBB and BQ.1.1 sublineages.

We use SARS-CoV-2 virus isolates and recombinant viruses bearing VOC Spike proteins in the
background of a precursor variant to show that the Omicron Spike determines a replication advantage
over Delta in the human nasal epithelium but a disadvantage in deeper lung epithelial cells, Calu3. We
also show with these recombinant viruses and with lentiviral pseudotypes that Omicron Spike, unlike
Delta Spike, mediates cell entry via the endosomal route.

Importantly the genetic determinants of Omicron’s endosomal cell entry pathway are mapped to the S2
domain of the Spike gene, whereas the mutations that confer its antigenic distance residue in S1. This
means that future variants with large antigenic distance from current vaccines would not necessarily
display the modest severity of Omicron.
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Abstract

Immunocompromised patients with a SARS-CoV-2 infection are prioritised for treatment with anti-virals
due their risk of developing severe COVID-19. These include compounds that indirectly target virus
replication by causing hyper-mutation (molnupiravir) or directly inhibiting viral proteases critical to virus
replication (paxlovid). Combination therapy may reduce the emergence of resistant genotypes,
particularly in patients who are unable to clear the virus rapidly due to compromised immunity. Anti-
virals used for immunocompromised patients may decrease viral loads but enhance genomic plasticity.
To investigate this, the genomic variation of SARS-CoV-2 in the immunocompromised host was
evaluated, in the absence and presence of single or combination anti-viral treatment with molnupiravir
and PF-07321332 (a component of paxlovid). K18-hACE2 transgenic mice were artificially
immunocompromised with cyclophosphamide prior to infection and treatment. Anti-viral treatment of
infected immunocompromised mice, both individually and in combination, resulted in decreased viral
loads and reduced pathology compared to untreated mice. Whole genome amplicon sequencing data
confirmed the mechanism of action of molnupiravir, showing an increased transition mutation
frequency in SARS-CoV-2 from mice treated with molnupiravir. No specific dominant genomic changes in
SARS-CoV-2 were associated with individual or combination anti-viral treatment over the time-course
tested. In contrast, mutational frequency was related to the site of sampling, with greater frequency of
mutations in SARS-CoV-2 derived from lung or nasal tissue compared to throat swabs. Overall, during
acute infection of an immunocompromised mouse model for COVID-19 there were no differences SARS-
CoV-2 genomic plasticity observed between immunocompetent and immunocompromised hosts.
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Abstract

The UK International Coronavirus Network (UK-ICN) is a four year research and innovation network
(2021-2025) bringing together researchers from animal and human coronavirus communities, funded by
BBSRC and DEFRA, UK. Its aim is to provide and support global coordination for the delivery of
collaborative scientific research and a sustained long term One Health approach. Global partners include
Europe, China, India, North America, Southeast Asia, Middle East, Africa, Oceania with >200 members,
join via links

UK-ICN@liverpool.ac.uk, https://www.liverpool.ac.uk/health-and-life-sciences/research/uk-
international-coronavirus-network/member/

UK-ICN is led by Prof. Julian Hiscox at the University of Liverpool with co-directors from UK Universities
and Institutes (authors). Our themes include: One Health and Zoonoses, Surveillance, Detection and
Characterisation, Countermeasures and Interventions, Behaviour and Social Policy and SARS-CoV3 and
the Future.

The aim is to provide a community gateway, including a network-of-networks and international bodies
(FAO/OIE-WOAH/WHO) to facilitate and co-ordinate interactions focusing on animal-human-
environment interface research, to foster cross-fertilisation of ideas, provide expert perspectives, to
identify knowledge gaps, create research opportunities and build an evidence-based road map to ensure
the sustainability of coronavirus research and disseminate and preserve knowledge to better combat
future emerging coronaviruses.

We have a focus on early career scientist (ECS) development, identification of research gaps and future
priorities, generating a roadmap (STAR-IDAZ; https://www.star-idaz.net/) for future priorities and
actionable intelligence for policy makers.

Upcoming meetings:

International Conference on Livestock, Companion Animals and Wildlife Coronaviruses. 25-26th May
2023 Riddel Hall, Queen’s University Belfast, UK.

Abstracts: 20th January, 2023
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Including a Microbiology Society Journals special collection:
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Abstract

Manipulation of the cellular metabolic status is increasingly viewed as important for virus replication at
multiple levels. Rapamycin and related inhibitors of the central metabolic kinases mTORC1 and mTORC2
have been shown to have pleiomorphic and opposing effects on SARS-CoV-2 depending on the
experimental readout, cell line, drug dose, and clinical isolate. Here we explore the phenotypic basis for
the effects of rapamycin.

Using both pseudotype lentiviral vectors expressing SARS-CoV-2 spike glycoproteins and replication
competent SARS-CoV-2 the effect of rapamycin on viral titre, replication, and protein expression was
investigated in several lung epithelial cell lines. Low-moderate rapamycin treatment at 2 nM —2 mM
enhanced SARS-CoV-2 Eng-02 titres released from A549-ACE2 cells by 13.9-fold. By contrast, there was
either minimal or no significant titre enhancement in A549-ACE2-TMPRSS2, Beas2B-ACE2, or Calu3 cells,
which all express high levels of the cell-surface serine protease TMPRSS2. Titre enhancement appeared
independent of increased entry as rapamycin had no effect on the infectivity of pseudotype lentiviral
vectors expressing SARS-CoV-2 spike glycoproteins, and could be observed with other SARS-CoV-2
variants of concern. While there was a minimal effect of viral RNA production in rapamycin treated cells,
enhanced titre could however be attributed to increased protein expression of the SARS-CoV-2
structural proteins in supernatants, suggestive of a late stage effect on viral production modulated by
TMPRSS2. We are currently investigating the replication stages of SARS-CoV-2 in more detail to define
how rapamycin and mTOR regulate viral production and infectivity, and whether this is related to
manipulation of autophagy-related pathways.
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Abstract

The recent emergence of three major coronaviruses and presence of coronaviruses circulating in bats
suggests that spillover of new pandemic-potential coronaviruses into humans is likely in future. The
development of pan-coronavirus antivirals will be crucial to combat this. Here, we investigated the
antiviral activities of Nigella sativa (black cumin) oil extracts from various global locations against
seasonal human coronaviruses OC43 and 229E, and SARS-CoV-2 pseudoviruses.

Coronavirus-infected cells were directly treated with oil extracts and antiviral activity determined by
quantifying viral titres. In diffusion assays, oils were incubated in microwell plates with virus in adjacent
wells to investigate the effect of diffused volatile compounds. After incubation over a range of times,
infectivity was determined.

Our diffusion assay results indicate that volatile compounds present in Nigella sativa extracts show
antiviral activities against coronaviruses, with no cytotoxic effect on cells. Significant inhibition of
infection was observed after 12 hours incubation, with the most potent oils showing a 24 logio reduction
in OC43 infectivity at 24 hours. Interestingly, direct treatment of infected cells with oils showed limited
antiviral efficacy, suggesting that the vapour phase may offer higher concentrations of the bioactive
compounds without compromising cell viability. We also identified key volatile compounds present in
the oil vapour phase; evaluation of the antiviral activity of these volatiles in isolation and in synergy are
ongoing.

Overall, this work provides a first step towards identifying novel pan-coronavirus antiviral compounds
that can be formulated as sprays or inhalers for direct delivery to the site of infection.
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SARS CoV-2 infection with Beta and Omicron variants.
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Abstract

The golden hamster (Mesocricetus auratus) model of SARS CoV-2 infection is frequently used in
immunological studies. These studies are designed to test the breadth and persistence of vaccine or
innate protection from subsequent infection. As different viral variants have emerged, differences in
replication site and cell specificities in infected subjects have been noted.

Here we examine the innate transcription profile of hamster tissues from pairs of animals actively
infected with beta and omicron variants using gPCR. We identify pathways that are differentially
expressed in tissues and correlate these with blood cytokine levels. We compare with signatures seen in
tissues some weeks after resolution of infection to attempt to recapitulate histochemical evidence of
lung damage. Further resolution of lymphoid cells from these tissues will be elucidated using single-cell
analysis.

Understanding those pathways differentially affected will improve modelling of human disease states
and may establish cytokine correlates of protection and disease severity.



P199

Multiple previous exposures to SARS-CoV-2 generates Omicron and Lineage-A
spike-reactive IgG* memory B-cells but reduced IgA* memory B-cells

Richard Urbanowicz ORCID iD?, Theocharis Tsoleridis?, David Onion?, Jessica Nightingale3, Anthony Kelly?,
Ana Valdes?, Benjamin Ollivere?, Jonathan Ball?

University of Liverpool, Liverpool, United Kingdom. 2University of Nottingham, Nottingham, United
Kingdom. 3Nottingham University Hospitals NHS Trust and University of Nottingham, Nottingham,
United Kingdom

Abstract

Protection from infection, following either vaccination and/or natural infection has diminished since the
advent of Omicron and related variants. However, protection from serious disease has been maintained.
In this study we analysed, using multi-parameter flow cytometry, the spike-specific B cell repertoire
present in blood obtained from healthcare workers approximately three months following the third
dose of BNT162b2 vaccine. These healthcare workers form part of the Panther study cohort, whose
vaccination and infection status has been followed extensively since the outbreak of the pandemic and
were divided into two groups: previously uninfected and infected. Our data show that although no
significant differences were observed in sera IgG or IgA reactivity to Lineage-A or Omicron trimerized-
spike, the donors had a significantly lower neutralisation potential against Omicron than Lineage Ain a
pseudotype system. The frequency of Omicron-spike reactive peripheral IgA+ B cells was significantly
lower than Lineage A reactive ones, and the relative proportion of Omicron:Lineage A spike reactive
IgG+ memory cells was much higher than IgA+ cells. B-cell subset analysis showed that reactivity was
detected in both classical memory and double-negative (DN) B cell populations. Previous studies have
shown good correlation between mucosal and peripheral IgA reactivity and specificity. Our finding
provides evidence that antibody immunity to the recent variants of concern at the mucosa (IgA) is
blunted compared to that in the peripheral (1gG) circulation. This could explain why vaccination or
previous infection provides little protection from infection or reinfection, but why protection against
serious disease is maintained.
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Abstract

Molnupiravir is an antiviral, currently approved by the UK Medicines and Healthcare products
Regulatory Agency (MHRA) for treating at-risk COVID-19 patients, that induces lethal error catastrophe
in SARS-CoV-2. How this drug-induced mechanism of action might impact the emergence of resistance
mutations is unclear. To investigate this, we used samples from the AGILE Candidate Specific Trial
(CST)-2 (clinical trial number NCT04746183). The primary outcomes of AGILE CST-2 were to measure the
drug safety and antiviral efficacy of molnupiravir in humans (180 participants randomised 1:1 with
placebo). Here, we describe the pre-specified exploratory virological endpoint of CST-2, which was to
determine the possible genomic changes in SARS-CoV-2 induced by molnupiravir treatment. We used
high-throughput amplicon sequencing and minor variant analysis to characterise viral genomics in each
participant whose longitudinal samples (days 1, 3 and 5 post-randomisation) passed the viral genomic
quality criteria (n = 59 for molnupiravir and n = 65 for placebo). Over the course of treatment, no specific
mutations were associated with molnupiravir treatment. We found that molnupiravir significantly
increased the transition:transversion mutation ratio in SARS-CoV-2, consistent with the model of lethal
error catastrophe. Additionally, the clinical findings showed that whilst molnupiravir was well-tolerated,
the probability that molnupiravir was superior to placebo in reducing time to SARS-CoV-2 PCR negativity
was 75.4% - less than the predefined 80% threshold for recommending large-scale evaluation. The
genomic study complemented the primary clinical study and highlighted the utility of examining intra-
host virus populations to strengthen the prediction, and surveillance, of potential treatment-emergent
adaptations.
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Abstract

Development of numerous COVID-19 vaccines has been an integral part in controlling SARS-CoV-2
transmission. Each vaccine elicits an immune response to the spike glycoprotein which contains the
receptor binding domain (RBD). We aimed to determine the proportion of RBD and non-RBD spike-
directed antibodies in vaccinated or previously infected individuals.

Serum samples from individuals enrolled in the SIREN study were selected for those with multiple
BNT162b2 doses with no prior infection, or singular Wuhan or Alpha infections without vaccination.
Samples underwent two consecutive depletions using SARS-CoV-2 RBD-coupled magnetic beads and
were tested to determine SARS-CoV-2-specific total or IgG titres to several viral proteins.

With multiple rounds of RBD-antibody depletions, >97% of RBD antibodies were removed from sera of
vaccinated individuals. In one-dose vaccinated individuals, there was a 91.9% (86.7-97.1) reduction in
total spike IgG antibodies. Similar trends were observed in two-dose vaccinated individuals (78.5% (71.7-
85.2)) whilst three-dose vaccinated individuals showed a lower reduction of 66.7% (59.6-73.8) after RBD
depletion. However, sera from individuals with prior infection displayed a significantly lower percentage
reduction in total spike IgG antibodies after RBD-antibody depletion: 51.2% (44.6-57.9) and 41.1% (27.6-
54.5), respectively.

We demonstrate that antibodies induced by one or two vaccinations are primarily RBD-focused, with a
marked reduction in total spike 1gG antibodies after RBD depletion. In comparison, naive and booster-
vaccinated or previously infected individuals display significantly lower IgG reduction after depletion.
This suggests that vaccine boosters or infection results in broad spike antibody responses, and that non-
RBD antibodies should be considered in future vaccine development.
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Abstract

During the COVID-19 pandemic, numerous variants of concern (VOC) emerged: Alpha, Delta, and
Omicron. Each has distinct mutations within the spike protein, with decreased neutralisation from
vaccinated sera and differing antibody binding. Using serum samples from individuals with known VOC
infection, we aimed to identify the infecting variant based on antibody binding in the absence of
sequencing.

We performed multiplex serology to determine antibody responses in serum samples from VOC-
infected individuals to the RBD and spike antigens. The data was analysed using receiver-operator curve
analysis to determine optimum assay cut-offs, sensitivity, and specificity.

Using serum samples from ~1,000 individuals enrolled in the SIREN study with PCR-confirmed infection
between October 2020-March 2021, we performed geographical and temporal analysis using serology
to map the emergence of Alpha in South-East England.

Seroreactivity of individuals’ antibodies to VOC-antigens was specific to their infecting strain, except for
Omicron, likely due to prior infection confounding seroreactivity.

Alpha-specific seroreactivity accurately mirrored temporal changes of Wuhan/Alpha in national UK
sequencing data. Seroreactivity combined with geographical and temporal data demonstrates the
emergence of Alpha in South-East England and its eventual spread to other parts of the UK.

Additionally, using longitudinal samples from the SIREN cohort, we have been able to demonstrate
prolonged seroreactivity to Wuhan, with Alpha-infected individuals maintaining Alpha-specific antibody
binding after multiple subsequent Wuhan-based vaccinations.

This provides a valuable tool for discriminating between VOC infections based on antibody binding,
enabling VOC-specific serosurveillance and aiding in the future investigation of immunology of prior
infection.
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Abstract

ORF7a is a small accessory protein of SARS-CoV-2 that is reported to carry out a number of functions in
the cell during infection. To examine the role of ORF7a in detail confocal microscopy was used to
examine its localisation in the cell. It localised to a number of areas including the endoplasmic reticulum
and golgi. Different reports have suggested that it plays a role in the activation of the unfolded protein
response but although the UPR is activated during SARS-CoV-2 infection, ORF7a was not found to
contribute to this activation. To investigate the interaction of ORF7a with the innate immune system,
ORF7a was expressed with a HA tag in the presence of virus and co-immunoprecipitation followed by
mass spectrometry was used to identify protein-protein interactions between ORF7a and cellular
proteins. We have further characterised the interactomes of ORF7a from different variants, identifying
differences between them and their role in the control of the host innate immune response against
infection.
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Abstract

Background: COVID19, the disease caused by the SARS-CoV-2 virus, presents with a range of symptoms
and outcomes, from asymptomatic to severe respiratory symptoms and death. Understanding the
durability and breadth of neutralizing antibody (nAb) titres and its association with disease severity is
important for future vaccine strategies. We performed a comprehensive screen of serum samples from
hospitalized and outpatients from the Czech Republic.

Methods: We used a lentiviral pseudotype system to longitudinally assess neutralizing antibody
responses in patients, who mostly had a history of infection, against the original Wuhan strain, variants
of concern circulating at the time, Alpha and Delta, as well as Omicron BA2.75. Vaccinated patients
received the main adenoviral (AstraZeneca and Janssen) and mRNA (Moderna and Pfizer) vaccines.

Results: Both outpatients and hospitalized patients generated robust neutralizing antibody titres, with
some variation between vaccine regimens. mRNA based vaccines were usually associated with higher
titres. Titres generally increased over time after boosters, across all vaccine platforms. Omicron BA2.75
was less susceptible to neutralization by serum, even though it maintained nAb titres over time. Wuhan
PVs were more susceptible to neutralization by serum of healthy vaccinated individuals, followed by
Alpha, Delta then BA2.75.

Conclusions: Our study shows the maintenance of nAb titres in patients with mild and more severe
disease after a vaccination schedule across current and previous variants of concern. It is important to
further elucidate differences in nAbs and other antibody functions and their association with disease
outcomes.


https://orcid.org/0000-0002-5331-5554
https://orcid.org/0000-0002-7978-3815

P205

Neuropathology of SARS CoV2 Variants.

George Lagalle, Sarah Kempster, Neil Berry, Joanna hall, Claire Ham, Adrian Jenkins, Yann LeDuff,
Matthew Hurley, Sarah Gilbert, Neil Almond, Debbie Ferguson

MHRA, South Mimms, United Kingdom

Abstract

As SARS CoV2 infections with increased capacity for upper respiratory tract replication have swept the
world, the ability of viral variants to invade and impact brain function is of concern.

Syrian hamsters were infected intranasally with SARS-CoV2 Vic01 (Wuhan like) or variants beta, delta
and omicron. Following termination 2, 10, 28 dpi, FFPE brain sections were analysed.

Immunohistochemical analysis did not reveal replicating virus within the brain following infection with
any of the variants analysed.

Inflammatory responses (astrogliosis - GFAP, microgliosis — iba-1, blood brain barrier — ICAM1) were
rapidly observed in all cases, peaking 10dpi.

Neuronal staining levels (dendrites - MAP2, mature neurons — NeuN) were reduced over this same
timeframe.

Changes in staining patterns were also observed for oligodendrites (CNPasel), with elevated levels being
present 2-10dpi.

In contrast, staining levels for myelin basic protein fell.

Reduced staining 2-10dpi was also observed for NMDA1, a neuronal receptor linked to synaptic
plasticity, learning and memory functions.

Staining levels for BECN1, a key regulator of autophagy, increased 2-10dpi. Malfunctioning autophagy
pathways have been implicated in development of neurodegenerative diseases however no evidence of
Tau, alpha-synuclein or beta-amyloid were observed within this model or short timeframe assessed.
Samples upto 112dpi are being analysed.

The impact on neuronal function at many levels and the ability of the brain to recover could explain the
brain fog experienced by many following infection.

The observed impact on functions linked to neurodegenerative disease indicates SARS CoV2 may be
another insult potentially pushing pathology towards longer term development of neurocognitive
problems.
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Abstract

Understanding the variants of SARS-CoV-2 and the location of infection outbreaks within a hospital
environment could be pivotal in controlling the spread of health care associated SARS-CoV-2 infections,
within the hospital and to the wider community. We investigated the use of UV-HEPA filters as a
mechanism for cleaning air which can then be recirculated around the ward. To investigate if these
filters can remove SARS-CoV-2 from the air we analysed a series of samples that were taken before and
after the installation of the filters on a dedicated COVID-19 ward. We found that the SARS-CoV-2 gene
copies per litre of air significantly reduced after the installation of the filters. Using Next Generation
Sequencing, we detected multiple SARS-CoV-2 variants circulating in the ward. Indeed, these variants
differed between bays located on the same ward on the same day. We detected spike protein mutations
including K444T which have been shown to have reduced sensitivity to antibodies. Across the same time
period that air samples were taken we sequenced wastewater samples from 25 sites across Northern
Ireland for SARS-CoV-2. We found that the variants detected in the hospital were either not detected in
wastewater or they preceded the date at which they were found in wastewater by up to one week. The
findings in this study show that air sampling within hospitals could be an effective method for
determining the variants that are hospital associated but also those that are leading to hospitalisations.


https://orcid.org/0000-0003-4201-1624

P207

SARS-CoV-2 Proteins and Their Effect on NF-kB Activation

Wejdan Albalawi

University of Liverpool, Liverpool, United Kingdom

Abstract

Viruses are rapidly evolving pathogens that adapt to host pressures that drive or dampen specific
immune responses or modulate disease causing potential. Dysregulation of the immune response is one
of the factors that contribute to the development and progression of SARS-CoV-2 infection. It was
revealed that severity of inflammation is associated with impaired modulation of genes encoding
proinflammatory factors by NF-kB. Therefore, over the last two years NF-kB signalling pathway has been
extensively studied as a very important factor in the immune response in COVID-19. Our in vitro
published studies demonstrate that HCV Env glycoprotein modulates HIV-1 LTR activity via activating
host ER stress pathways known to inhibit NF-kB activity. Here, we have studied the effect of the SARS
CoV2 structural proteins in modulating HIV-1 long terminal repeat (LTR) activation. Measuring the HIV-1
LTR activity in HEK293T and more physiologically relevant BEAS-2B human lung epithelial cell lines co-
transfected with SARS CoV2 structural proteins and HIV-1 LTR promoter driving expression of a
Luciferase report molecule demonstrated that the proteins down-modulate HIV-1 LTR activity. These
findings suggest that SARS CoV2 proteins may modulate HIV-1 LTR activity via disrupting the NF-kB
pathway. To explore the mechanism underling these effects, transcriptomic analysis in cells expressed
SARS-CoV-2 structural proteins using ONT’s MinlON platform has been performed.
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Abstract

Feline Leukaemia Virus (FeLV) is a gammaretrovirus of cats. FelLV is widespread among domestic cat
populations and can produce a serious disease threat to domestic cats. The main consequences of FelLV
infection are hematopoietic disorders and neoplasia. Domestic cats have both endogenous (enFelV)
(copies of virus in the cat genome) and exogenous (exFelV) variants of FeLV, these frequently
recombine producing variants with recombinant envelope genes and alternate receptor usage.

This study applied envelope gene PCR and NGS (lllumina and Nanopore) to compare and determine the
envelope gene diversity and transmission dynamics of FeLV variants in Chilean domestic cats including

sequences from FelLV-A, B and endogenous FelV. FeLV-A sequences obtained from Sanger sequencing,
are clustered in a Chilean group closer to sequences from the United States and Brazil.

Sequences obtained from NGS, showed a higher variability in the envelope gene, markedly in the C-
Domain which may function as a second receptor-binding domain (Cano-Ortiz et al., 2022). Additionally,
LTR sequences from enFeLV in Chilean cats showed diversity in mutation points and two main deletions
in an indel point and in the poly(A) tract. The enFelLV Chilean sequences form their own phylogenetic
clade located next to the previously described Group-I enFelLV which may indicate multiple
introductions of enFelV in domestic cats (Polani et al., 2010). The next step will be to apply Nanopore
Sequencing to evaluate long fragments of FeLV-B to confirm the recombination points between FelLV-A
and enFelV that produce FelV-B.
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Abstract

Covid-19, caused by SARS-COV2 has affected worldwide human population and emergence of new
variants of concern (VOC), challenged the treatment regimen as well as the vaccine development
program. In this study, we aimed to compare the pathogenesis of different variants of SARS-COV-2, in
context to omicron (B1.1.529) and other sub-lineages such as BA.2, BA.5, and Delta (B.1.672) which is
highly pathogenic. We utilized 6-8 week old K-18 hACE2 mouse model to understand the pathogenesis
of SARS-COV?2

Mice were infected with 10® pfu of a different strain of SARS-COV-2 intranasal and monitored daily for
weight loss or any possible respiratory symptoms. The oropharyngeal swabs were takenon 1, 3 and 5
days post-infection to identify the viral load by gPCR. On day 7 post-infection all mice were culled and
lung and nasal turbinates’ were harvested to quantify viral load by gPCR. Formalin fixed Lung and Brain
tissue were analysed after H and E staining to see the virus antigen.

The data reveal that delta is the most pathogenic among them and infected mice lost more weight with
a high viral load in swabs, lung, and nasal turbinates. In terms of omicron, BA.1, BA.2, and BA.5 show
similar levels of viral load in different tissue. Although there was more viral load in the early days of
infection in omicron compared to the delta. In conclusion, omicron lineage associated infection is less
severe than delta and linked with recovery, unlike delta variant.
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Abstract
Introduction

The SARS-CoV-2 virus has reshaped our understanding of pandemics in the 21st century. SARS-CoV-2
causes widespread inflammation across different organs and has recently been shown to contribute the
endothelial dysfunction. ORF7a is speculated to facilitate leukocyte interactions due to its binding
affinity to CD11/18 found on various leukocytes. We tested the hypothesis that stimulation by ORF7a
would facilitate increased adhesion of monocytes to an endothelial cell layer.

Methods

The properties of recombinant ORF7a were tested in vitro using a monocyte-endothelial adhesion assay.
HUVECs were seeded into 96-well plates, and primary monocytes were stimulated with concentrations
of ORF7a, TNFa or an ORF7a/TNFa mix for 4 hours. Monocytes were tagged with calcein-AM and
incubated with the HUVECs for a further 2 hours. Fluorescence was measured at 485/515nm
excitation/emission.

Results

Monocyte adherence (measured by calcein fluorescence) increased by 395+11% when exposed to 10nM
ORF7a for 4 hours (compared with cell only control, N=3). Monocytes exposed to a ORF7a/TNFa mix
experienced a 314+21% increase in adherence (N=3).

Conclusions

These results demonstrate ORF7a’s ability to activate monocytes and facilitate their binding to the
endothelium. This could provide a mechanism through which SARS-CoV-2 can cause activation and
inflammation independent of the spike protein.
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Abstract

In the last 20 years three pandemic coronaviruses have emerged; with many more coronaviruses
circulating in animal reservoirs, future spillover into humans is likely. The development of novel pan-
coronavirus antivirals is vital to target new emerging coronaviruses and enhance future pandemic
preparedness. Here, we investigated the antiviral activity of a panel of natural product compounds
derived from Swertia chirayita for their anti-coronavirus activities.

A panel of compounds and synthetic xanthones based on Swertia bioactive compounds was assessed for
antiviral activity against human coronavirus OC43 and 229E, and SARS-CoV-2 pseudoviruses. Infected
cell lines were treated with the compounds and impact on infectivity assessed by quantifying viral titres.
Alongside, cytotoxicity of the compounds was determined.

The initial screen identified six natural product compounds that display antiviral activity at non-cytotoxic
concentrations. While the synthesised xanthones show a significant reduction in viral infectivity, the
inhibition was not as potent as seen in the natural xanthone mangiferin. This suggests that the
additional complexity of mangiferin and other naturally derived xanthones may contribute to their
increased antiviral activities. Our preliminary data investigating the mechanism of action suggests that
the hit compounds inhibit the virus at early stages in the viral lifecycle.

The six compounds identified are being carried forward for further investigations. With mechanism of
action studies and viral target determination currently ongoing, this work is a step towards identifying
novel pan-coronavirus antivirals.
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Abstract

The mutational profile of SARS-CoV?2 is variable across the viral genome and at a minor variant level.
These mutations confer changes to transmissibility and pathogenicity. P-to-L amino acid substitution at
the site 323 of SARS-CoV-2 polymerase (NSP12) is found in multiple variants after May 2020. However,
the evolutionary importance of this mutation is poorly understood. LC-MS/MS was utilised to identify a
shared interaction with the host between P323 and L323 as well as a unique interactome for L323.
TRIC/CCT complex was identified as a binding partner of both NSP12P323 and NSP12L323 while STRN3
and PP2A were enriched in L323. The interaction of these proteins with P323 and L323 was validated by
western blot analysis of the host proteins copurifying with NSP12. We report that inhibition of TRiC/CCT
complex inhibited P323 and L323 replication in vitro in A549-ACE2 and Calu-3 cell lines. Furthermore,
P323 and L323 exhibited reduced viral RNA synthesis in PP2A-depleted cells, although this effect was
less prominent in L323. These findings may indicate that P323L is a host adapted substitution.
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Abstract

There has been much discussion on the general principle of "naturally-acquired” immunity from SARS-
CoV-2 infection preventing reinfection, often referred to as Herd Immunity. Whilst recovered individuals
have been shown to have high antibody titres, to date there has been no investigation of the avidity of
this antibody. Low avidity antibody is unlikely to impact on the incidence of infection in the population,
or indeed protect the individual.

A competitive enzyme linked immunoassay (Comp EIA), utilising a labelled neutralising monoclonal
antibody binding to solid-phase receptor binding domain (RBD) to detect and characterise antibody to
RBD, was developed to compare the performance of post-infection and post-immunisation responses.

We collected sera from recovery patients, taken up to 32 weeks from illness onset and from immunised
persons, taken between 14 and 30 days after a second dose of vaccine and compared the inhibition
displayed in the Comp EIA with the level of total anti-RBD detected in the Imperial hybrid double antigen
binding assay. The level of inhibition of post infection antibody was significantly poorer than that of post
vaccine antibody, despite both sets of samples displaying similar levels of anti-RBD. This indicated that
post-vaccine antibody appears to have significantly greater avidity that post-recovery antibody.

This is the first time this disparity has been shown and suggests that ‘natural immunity’ is unlikely to
impact on transmissibility of SARS-CoV-2. This highlights the importance of wide-spread immunisation
for the control of SARS-CoV-2, rather than relying only on the concept of herd immunity protection,
especially in health-care settings.
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Abstract

In Brazil, the complex dynamic of SARS-CoV-2 variants was characterized by the emergence of local VoCs
such Zeta and Gamma besides the VoCs that circulated worldwide. These VoCs were related to
increased infections reported in the country. We compare VOCs that circulated in Brazil throughout the
pandemic upon replication kinetics, viral protein contents and the modulation of the mTOR pathway.
Viral variants B.1.1.33, Zeta, Gamma, Delta, and Omicron were used to infect monkey Vero E6,
Vero/hACE-2/hTMPRSS2 and the human pulmonary Calu-3 cells and the replication kinetics was
evaluated. Our results indicate that although the Omicron VoC replicated to similar levels as the
previous VoCs in Vero E6 and Vero/hACE-2/hTMPRSS2 cells, it had the lowest replication in Calu-3 cells
up to 48 hours post infection. Delta VoC presented the highest replication rate in Calu-3 and induced
the highest production of both S and N viral proteins. A direct competition assay confirmed the lower
fitness of Omicron since the frequency of genomic RNA of this variant detected by NGS reached less
than 10% when compared to the Gamma and Delta VoCs even when Omicron was used 9 times more
for Calu-3 infection. SARS-CoV-2 variants differentially modulated mTOR phosphorylation over time with
the absence of phosphorylation for B.1.1.33 variant, while the Omicron VoC did not alter mTOR
phosphorylation levels when compared to uninfected cells. Our results demonstrated that SARS-CoV-2
VoCs have different replication capacities in lung cells and that the differential modulation of the mTOR
pathway could be related to these differences.
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The COVID-19 pandemic which continues to cause significant mortality and morbidity has been
sustained by the evolution of new variants of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). These new variants exhibit changes to important viral properties including immune escape and
species tropism.

We sought to measure the degree of immune escape exhibited by SARS-CoV-2 variants using sera from a
cohort of vaccinees aged 50-89 collected longitudinally following each of their vaccine doses. Using
pseudotype-neutralisation assays, we observed that early vulnerabilities in the breadth of response to
antigenically diverse variants were overcome following multiple vaccine doses. Individuals with prior
SARS-CoV-2 infection (Nucleoprotein ELISA positive) had markedly higher neutralising antibody titres
against all variants tested, including against antigenically distinct Omicron sub-lineages.

Evolution of the spike protein away from neutralising antibodies has had an impact on the ability of
variant spike proteins to bind to the angiotensin-converting enzyme 2 (ACE2) receptor. We quantified
these impacts by measuring the ability of pseudo- and live viruses to enter cells expressing ACE2
receptors from different species, and by measuring the binding of recombinant spike and ACE2 proteins.
We show that sequential virus variants have generally increased affinity for human ACE2 and have
overcome restrictions to ACE2 receptor usage for some species which can be attributed to specific
mutations. This differential tropism and potential for reverse zoonosis poses a risk to the ongoing
maintenance and evolution of SARS-CoV-2 in animal reservoirs, which may pose a future risk to human
health.
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Abstract

SARS-CoV-2 is an enveloped, positive-sense RNA virus that is known to interact with the angiotensin-
converting enzyme-2 (ACE2) receptor of several species, including humans, cats, dogs, minks, ferrets,
deer, and others. However, the similarities in the ACE2 receptors of coronaviruses have sparked the
qguestion of which animal species are susceptible to SARS-CoV-2, and capable of viral transmission.
Reverse-zoonosis has been described in a few of these species, indicating that human-animal
interactions can pose two-sided risks for SARS-CoV-2 infection. Therefore, it is critical to produce
accurate diagnostic serological tests for animals to understand prevalence of the virus in the animal
population. Cats have been shown to be highly susceptible to SARS-CoV-2 by experimental inoculation
and multiple natural infection. Experimental infection of cats demonstrated that cats produce
neutralizing antibodies against SARS-CoV-2 as early as 10 days post infection and gain protective
immunity against re-infection 3 weeks after primary infection.Cats sampled at regular intervals over the
course of 110 days post infection showed that both S-RBD antibodies and neutralizing antibodies peaked
at 20 days post-exposure and decreased continuously until day 110. These results show that although
SARS-Cov-2 antibodies were produced at a high level, the peak titer was reached already 3 weeks post
infection which may imply that convalescent cats at least two weeks post-inoculation are vulnerable to
re-infection. This pattern has also been reported in human SARS-CoV-2 patients, strengthening the claim
that cats can be used as a model for human SARS-CoV-2
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Abstract

Vaccine hesitancy is a complex phenomenon that interferes with the efficiency of any vaccination
programme. This study aimed to collect information on Nigeria’s COVID-19 vaccine uptake rates and
determinants. Science Direct, PubMed, Google Scholar, African Journal Online, Springer, and Hinari were
all systematically searched through and completed in May 2022. Quality assessments of the listed
studies were performed using the eight-item Joanna Briggs Institute Critical Appraisal tools for cross-
sectional studies. We undertook a meta-analysis to calculate pooled acceptance rates with 95%
confidence intervals (Cl). Forty-two studies in total satisfied the inclusion criteria and were reviewed. A
total of 24,533 respondents were studied. The total sample size of states in the Northern, Western and
Southern parts of Nigeria were 3,206, 4,527 and 5,059, respectively, while 11,741 is the cumulative
sample size of the Nigeria-wide studies. The average COVID-19 vaccine acceptance rate among all
pooled study groups is 52.4% (95% Cl: 46.9-57.9%, | 2 = 100%), while the average COVID-19 vaccine
hesitancy rates is 47.81% (95% Cl: 42.2 — 53.4% | 2 = 100%). In the sub-group analyses, the Western
region (58.90%, 95% Cl: 47.12-70.27%) showed the highest vaccine acceptance rate. COVID-19 vaccine
acceptance rate was highest in 2020, with a pooled rate of 59.56% (46.34, 57.32%, | 2 =98.7%). The
acceptance rate in 2021 was only 48.48 (40.78%, 56.22%) while by May 2022, it spiked to 52.04% (95%
Cl: 35.7%, 68.15 %). The design of interventions to encourage vaccine uptake must be local to mitigate
negative perceptions and safety concerns.
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PD-L1 negatively regulates antifungal immunity by inhibiting neutrophil release
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Abstract

Programmed death ligand 1 (PD-L1) has been shown to be inducibly expressed
on neutrophils to suppress host immunity during polymicrobial sepsis, virus

and parasite infections. However, the role of PD-L1 on neutrophil-mediated
antifungal immunity remains wholly unknown. Here, we show that the
expression of PD-L1 on murine and human neutrophils was upregulated upon
the engagement of C-type lectin receptor Dectin-1 with its ligand B-glucans,
exposed on fungal pathogen Candida albicans yeast. Moreover, B-glucan
stimulation induced PD-L1 translocation into nucleus to regulate the production
of chemokines CXCL1 and CXCL2, which control neutrophil mobilization.
Importantly, C. albicans infection-induced expression of PD-L1 leads to neutrophil
accumulation in bone marrow, through mediating their autocrine

secretion of CXCL1/2. Furthermore, neutrophil-specific deficiency of PD-L1
impaired CXCL1/2 secretion, which promoted neutrophil migration frombone
marrow into the peripheral circulation, thereby conferring host resistance to

C. albicans infection. Finally, either PD-L1 blockade or pharmacological inhibition

of PD-L1 expression significantly increased neutrophil release from bone



marrow to enhance host antifungal immunity. Our data together indicate that
activation of Dectin-1/PD-L1 cascade by B-glucans inhibits neutrophil release
from bone marrow reserve, contributing to the negative regulation of antifungal
innate immunity, which functions as a potent immunotherapeutic target

against life-threatening fungi infections.
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Abstract

Background: the human gut microbial ecosystem (gut microbiota) plays a vital role in the regulation of
various physiological processes, and alterations in the composition and function of the system
(dysbiosis) are associated with the pathogenesis of colorectal cancer (CRC). Although the causative link
between CRC and microbiota is widely investigated, the underlying microbiota-gut interactions are not
well understood yet. It is evident that extracellular vesicles (EVs) derived from CRC cells have an impact
on various oncogenesis processes, however, their impact on the surrounding microbiota is not clear.
Therefore, we hypothesise that EVs could have an impact on the microbiota and contribute to dysbiosis.
Methods: two CRC cell lines (SW480, SW620) were cultured in CELLine AD 1000 bioreactor flasks, EVs
were isolated from culture media by size-exclusion chromatography and characterised by nanoparticle
flow cytometry, western blotting, and transmission electron microscopy (TEM). The impact of the EVs
on the bacterial MG1655 E. coli and 11G5 E. coli (CRC-associated strain) phenotypic characteristics
(growth curve, biofilm formation) was assessed. Flow cytometry and TEM were performed to assess the
interactions between EVs and E. coli strains. Results: NanoFCM analysis showed a high yield of EVs with
characteristic size profile. TEM analysis indicated an interaction between the EVs and E. coli with clear
surface binding, and EV treatment had an impact on bacterial phenotypic characteristics; an increase in
E. coli growth and a decrease in the ability of the bacteria to form biofilm were shown. Overall, EVs
appeared to be capable of mediating CRC-microbiome interactions.
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Cross-kingdom pathogen interactions: Candida albicans and Pseudomonas
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Abstract

There are many examples of the interaction between prokaryotes and eukaryotes. One example is the
polymicrobial infection by the opportunistic pathogenic yeast Candida albicans and the ubiquitous
bacterium Pseudomonas aeruginosa. During such polymicrobial infections, interactions between the
different microbial species can alter host responses and/or microbial virulence and pathogenesis, often
complicating patient treatment and resolution of the infection. In vitro, the interaction between C.
albicans and P. aeruginosa is characterised as being competitive and antagonistic. Their interaction in
vivo with a host with an active immune system remains poorly understood. In this study, we examine
the mechanisms of the interaction between C. albicans and P. aeruginosa using the Galleria mellonella
insect model to show the effect of polymicrobial infection on virulence and antimicrobial resistance. We
find that plymicrobial infection is more lethal to G. mellonella than the respective mono-infections.
However, P. aeruginosa mono-infection can also cause high mortality of G. mellonella larvae. We
examined the bacterial and fungal burden in G. mellonella and C. albicans burden was increased 24
hours after polymicrobial infection. Together these observations suggest that, C. albicans-P. aeruginosa
cross talk in vivo can benefit both organisms to harm the host. Understanding the complex interplay
between C. albicans-P. aeruginosa may lead to the development of novel therapeutic strategies for
impeding polymicrobial disease.
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Abstract

Through 170 years of bile acid chemistry research, our knowledge of mammalian bile acid conjugation
was limited to the amino acids glycine and taurine. We recently discovered that our gut microbiome also
conjugates bile acids with a variety of other amino acids, greatly increasing the diversity of the bile acid
pool. These microbially conjugated bile acids (MCBAs) are produced by a multitude of gut anaerobes
with broad amino acid and bile acid substrate specificities. These molecules are prevalent in humans,
particularly those with Crohn’s disease, but their role in mammalian Gl health is poorly understood.
MCBAs can also act as signaling molecules through interaction with human gut receptors such as FXR.
Recently, we discovered that the reverse action of the enzyme bile salt hydrolase (BSH) as a transferase
is responsible for MCBA production. BSH enzymes from various gut bacteria have different amino acid
conjugation profiles dictated by the structure of their active site. To better understand the role of host
and microbial bile acid conjugation we have leveraged a knockout mouse model devoid of host-
conjugated bile acids to better understand how MCBAs alter Gl metabolism. Preliminary data from the
mouse model shows that bile acid conjugation is important for early life development in mammals and
MCBASs contribute to this. The discovery of MCBAs represents a sea change in our understanding of
human bile acids and further evidence that our microbiome is intricately linked to our physiology by the
production of small molecules.
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Abstract

Background

Understanding the complex relationships between bacteria and metabolites in ecological systems are
extremely important in studies of different microbiomes. Longitudinal multi-omics study is adopted to
investigate interactions between bacteria and metabolites, by directly associating their longitudinal
profiles. Since a bacteria/metabolite may involve in many different biological processes, the longitudinal
profile is an average of different interactions. Therefore, direct association could only uncover the
strongest interactions.

Results

Here we present a computational approach that can rebuild short- and long-term bacteria-metabolite
interactions from longitudinal multi-omics datasets. For this task, we re-analyse data (both microbial
sequencing and metabolomic analysis) from an in vitro model of Clostridioides difficile infection and
faecal microbiota transplant, a disease state and mode of therapy in which perturbed microbiome-
metabolome interactions (and their reversal) are well-established to be pertinent. By analysing such a
dataset, we generated both a short-term and a long-term interaction network, which predicted many
new interactions. Four new interactions were randomly selected to be validated. In batch culture
experiments, we validated two of them: (1) Ruminococcus gnavus and Ruminococcus luti could generate
3-ketocholanic acid (2) Blautia obeum could consume succinate.



Conclusions

The deconvolution of the raw longitudinal signal into short- and long-term trends can help users to gain
a deeper understanding of their data. This tool will be useful for high-throughput screening of
microbe/metabolite/host interactions from a longitudinal multi-omics setting.
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Abstract

The equine gut microbiota has been shown to be linked to the health status of the horse. However, it is
not yet clear how differences in the development of the equine gut microbiota could impact the health
and performance of horses in later life. To investigate this, 52 foals, born at five different Thoroughbred
studs based in the UK, were enrolled in this study and nine faecal samples were collected from each foal
in the first year of life. Weekly health updates were obtained for the first three years of the foal’s lives
and subsequent racing performance was measured as earnings, placings and official ratings. Bacterial
DNA was extracted from all faecal samples, submitted for 16S rRNA gene sequencing and the resulting
sequencing data analysed using QIIME2. The relationship of bacterial diversity and family abundance
with time to first health event and measures of racing performance were explored using cox and glmm
regression models. Samples from the first month had low diversity with a higher relative abundance of
Enterobacteriaceae and Fusobacteriaceae bacteria. However, by three months the bacterial diversity
and composition of the bacterial communities was similar to that of adult horses. Higher bacterial
diversity was associated with a reduction in the risk of respiratory disease and a higher official race
rating later in life (p < 0.05 for all diversity measures used). This study demonstrates that low bacterial
diversity in the equine microbiota at one month old impacts both health and racing performance of the
horse later in life.
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Abstract

Sequencing advancements are allowing researchers to probe into microbial community in association
with diseases. Recently, breast cancer (BC) has shown to have a microbial signature associated with
disease status and/or treatment outcomes.

To investigate the gut microbiota in BC we established the BEAM study, a longitudinal study following
newly diagnosed BC-patients in Norfolk throughout their treatment. Initial analysis indicates a shift in
microbiome profiles post-surgery, with Faecalibacterium, Bacteroides and Blautia genera dominating.
Using cultureomics we established an isolate bank with 50 different species to use for assessing
immunomodulatory effects on cancer cells.

Concurrent to BEAM, we analysed the oral and gut microbiota data from the KELLY study, a phase 2a
clinical trial (NCT03222856) looking at the safety and efficacy of Pembrolizumab with eribulin in
metastatic hormone receptor positive (HR+) BC patients. Overall P+E did not cause significant gut or oral
microbiota perturbations, indicative of drug-related microbiota toxicity. Dominant gut genera included:
Bacteroides and Faecalibacterium, with a common oral microbe Prevotella, also present. LefSE analysis
suggested clinical benefit was driven, in part, by gut-associated Bacteroides fragilis and oral-associated
Streptococcus with an abundance of >40%.

A BEAM isolate matched the metagenome-assembled genome of B. fragilis in the KELLY study, which
was used to further probe into potential mechanistic pathways of B. fragilis on BC cells in vitro.
Preliminary findings suggest potential avenues for downstream microbiota patient stratification before
commencement of treatment. Further investigation is required in larger cohorts and any findings further
validated using in vitro assays.
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Abstract

Olfactory communication uses the release and detection of semiochemicals (chemical signals) which
convey information about the releasing individual’s state. How signals affect behavioural responses,
such as avoidance, attraction, or individual recognition, has implications for survival and reproduction.
Animals harbour a diverse array of microorganisms both on and in their bodies, many of which have co-
evolved with the host to facilitate metabolic pathways that the host alone would be unable to process.
Microbes inhabiting glands may digest secretions, producing volatile organic compounds which act as
odour cues and contribute to scent; this is the fermentation hypothesis. Mandrills (Mandrillus sphinx)
are one of the few African monkey species to possess scent-glands, in both males and females. This
project will determine the composition of mandrill scent-gland bacterial communities and how these
differ with host-specific traits such as age, sex and social rank, as well as with the amount of glandular
secretions. We collected skin swab samples from the sternal-glands of mandrills living in a large semi-
free ranging mandrill colony in Franceville, Gabon. From these samples, we will isolate genomic DNA,
then use 16s rRNA amplicon sequencing and bioinformatic analyses with QIIME2 to determine the
bacteria and archaea present. This first description of an African monkey’s glandular microbiome using
high-throughput Illumina sequencing methods will test the fermentation hypothesis, and allow greater
inference into the potential for microbiota to mediate signals used in mate choice (sexual selection) and
individual recognition (facilitating kin selection of related animals), and the co-evolutionary
consequences of this symbiosis.
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Background:

Faecal Microbial Transplantation (FMT) is proving revolutionary in reversing colonic dysbiosis in many
disease settings, including recurrent Clostridium difficile infection. However, issues surrounding FMT
limit its clinical longevity. Consequently, there is a need to develop effective oral probiotic formulations
to enable the introduction of bio-therapeutic bacterial strains into the intestinal microbiome.

Methods:

Faecalibacterium prausnitzii (F. prausnitzii), as a recognised anaerobic probiotic bacteria, was utilised as
a candidate strain in these studies. O2 tolerability was evaluated using established CFU assessments
along with LIVE/DEAD fluorescent measurements. The impact of bile-acids and gastrointestinal
environment changes (using standardised INFOGEST protocols) was examined. The prebiotic nature of
candidate formulation materials was also verified in growth studies.

Results:

F. prausnitzii was confirmed as a strict anaerobic bacteria, with even less than 1 hour exposure to
oxygen significantly limiting subsequent growth. Moreover, the phase of F. prausnitzii growth dictated
both response to oxygen sensitivity and the time of bacterial capture for formulation encapsulation. F.
prausnitzii was significantly affected by exposure to bile-acids, which was reversed with the use of bile-
acid sequestrants. Lastly, based on our culture data and pH responsiveness, the ideal site for
gastrointestinal release was established.

Conclusion:

To successfully deliver F. prausnitzii (or other, similarly anaerobic probiotic bacteria), characterisation of
F. prausnitzii viability through gastrointestinal transit is vital, to create bespoke, viability-enhancing oral
formulations. Here, we examined the potential negative impacts faced by F. prausnitzii in any newly
developed oral formulation. These results will infer our next steps in formulation design and
development.
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Abstract

Streptococcus pneumoniae can communicate with each other through the quorum sensing systems
(QSS). These systems enable coordination in response to various stimuli through the secretion and
detection of signalling molecules called pheromones. One of the peptide-mediated QSS is a regulatory
gene of glycosyltransferase (Rgg). Pneumococcus has six Rgg locus which controls a wide range of
physiological conditions including bio-film formation, virulence, bacteriocin production and oxidative
stress. However, inter-regulatory relations among different Rggs have not been studied in detail. This
study investigated the regulatory interactions between Rggl44 and Rgg1518 using isogenic mutants and
reporter strains. It was found that both Rgg144 and Rgg1518 play a role in mannose and galactose
metabolism as the mutants lacking these systems attenuated in growth and both QSS was found to be
induced on these sugars. In addition, we found that the full induction of each pathway required the
presence of the other, indicating the inter-regulatory interactions.
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Abstract

Background: An infant gut microbiota dominated by Bifidobacterium is associated with improved early
and later life. During early life, Bifidobacterium thrives on complex carbohydrates found in breast milk.

Methodology: Stool samples were collected from 30 healthy, exclusively breastfed infants in Blantyre,
Malawi. 16S rRNA sequencing was done for microbiota profiling. Whole genome sequencing was done
on Bifidobacterium isolated from the stool samples. The presence of Human Milk Oligosaccharide
digesting genes was assessed by BLAST comparison of the Malawi genomes against 90 known HMO
digesting genes.

Results: Bifidobacterium was the predominant gut microbiota member, with 73% as the highest relative
abundance. Malawian exclusively breastfeeding children were colonised by Bifidobacterium

longum, breve, bifidum, and speudocatenulatum. Ninety percent of the isolated Bifidobacterium
longum belonged to the subspecies infantis. Bifidobacterium longum subspecies infantis had the highest
number of HMO digesting genes compared with other species and subspecies. comparative
phylogenomic analysis revealed that Bifidobacterium genomes from Malawi were phylogenetically
diverse and distinct from global genomes.

Conclusion: Novel sub-clades of Bifidobacterium longum sub-species infantis dominated the gut
microbiome of exclusively breastfed infants. The most successful sub-species encoded the most HMO-
digesting enzymes
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Abstract

Background: Streptococcus pneumoniae shows remarkable phenotypic plasticity, responding rapidly to
environmental change. Pneumococcus is primarily a nasopharyngeal commensal, but can cause severe
infections following spread within the airways. Challenges and opportunities in resource acquisition
within different airway niches may contribute to the commensal-pathogen switch when pneumococcus
moves from the nasopharynx into the lungs.

Methods: We used NMR to characterise the metabolic landscape of healthy and infected mouse
airways. Paired nasopharynx and lung samples from naive animals identified differences in metabolite
bioavailability between airway niches. Following identification of key metabolites that could play a role
in pneumococcus adaptation, we assessed differences in the intracellular concentrations of these
metabolites in bacterial cells and in the expression of genes relating to their metabolism and transport.

Results: Pneumococcal pneumonia was associated with rapid, dramatic shifts in the metabolic landscape
of lungs. By contrast, pneumococcal nasopharyngeal carriage showed only modest changes in upper
airway metabolite profiles. Multivariate dimensionality reduction methods distinguished between NMR
spectra derived from the nasopharynx of mice infected with closely-related pneumococcal strains which
differ in colonisation potential. Resulting models highlighted increased branch-chain amino acid (BCAA)
bioavailability in the nasopharynx as a feature of infection with the strain with highest colonisation
potential. The expression of BCAA metabolism and transport genes and intracellular concentrations of
BCAAs were also increased.

Conclusions: Movement from upper to lower airway environments is associated with shifting challenges
in metabolic resource allocation for pneumococci. Efficient biosynthesis, liberation or acquisition of
BCAAs is a feature of adaptation to nasopharyngeal colonisation.
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Abstract

Background

Many new next-generation probiotics (NGPs) have emerged as potential novel biotherapeutics, yet
these bacteria are highly sensitive to environmental changes. Such conditions, particularly with respect
to oral-delivered NGPs include O,, pH changes, contact with bile-salts and competition with resident
microbes. High levels of viable bacteria must reach the colon, yet traditional formulation methods are
not suitable. In this study, we create novel microcomposite formulations which address these issues and
demonstrate their efficacy in a colonic bioreactor model.

Methods

Anaerobic bacterial microencapsulation was accomplished within a O,-free chamber. The polymeric
scaffold of the formulation was optimised to limit O,-ingression using O,-fluorescent nanoprobes as
reporter for inner-particle O, concentrations. Encapsulation at stationary/exponential growth phases
was examined through growth and viability studies. Acid tolerances were examined using simulated
gastrointestinal fluids, while O2-tolerability was examined using traditional enumeration assays. Lastly,
the engraftment and colonisation of NGPs was examined using a sophisticated intestinal model - MIMic
(Model of the Intestinal MICrobiome).

Results

We have developed a microencapsulation system that significantly improves the viability

of Akkermansia muciniphila (AM). Furthermore, the oxygen protection of AM within the
microcomposites was achieved through incorporation of antioxidants and specific biopolymeric
materials. The AM-containing microcomposites were able to deliver, release and enable AM to colonise
the bioreactor colonic-microbiome.

Conclusion

This study presents a new formulation platform for anaerobic bacteria which sustains viability during
oral administration and facilitates intestinal colonisation. Such technology can be now employed to
encapsulate bacterial consortia to significantly alter microbial communities which could be associated
with dysbiosis.
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Abstract

Enterotoxigenic Escherichia coli (ETEC) strains carry heat labile (LT) and/or heat stable (ST) toxins, which
cause diarrhoea, and colonization factors (CFs) that facilitate gut adherence. ETEC causes over 80
million episodes of human diarrhoea globally per year. A wealth of genomic information reveals a great
deal of ETEC genetic variation, while we know less about gene expression for genetically diverse strains,
which has focused on one or two strains from CF types CS1+CS3, CFA/I or CS5+CS6.

We compared growth for nine genetically diverse ETECs with bile, mucin or bicarbonate and profiled
their carbon utilization using Biolog phenotypic arrays. For E1779 (CS5+CS6-LT+ST) we compared gene
expression responses to bile, mucin or bicarbonate by RNA-Seq.

From lineage 1, strain E925 (CS1+CS3+CS21-LT-STh) struggles to grow in M9-glucose+/-Oxoid#3-bile
compared to E1739 (CS1+CS3-LT-STh) and is deficient in glycerol utilization, while from lineage 3 strain
E36 (CFA/1+CS21-LT-STh) struggles to grow with bicarbonate compared to E2980 (CS7-LT). RNA-Seq
with E1779 shows large shifts in gene expression in response to mucin or bicarbonate and select
differential expression, biased towards predicted surface and secreted proteins, in response to bile.

Thus, we have revealed intra-lineage variation in ETEC growth and catalogued ETEC differential gene
expression responses: to mucin for the first time; to bicarbonate for the first CS5+CS6 strain; to bile for
E1779, confirming responses of other CS5+CS6 strains. These data underpin ongoing RNA-Seq
comparing eight diverse ETECs in order to: reveal evidence of either conserved or varied evolutionary
adaptations; determine whether potentially protective antigens are transcribed.
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The microbial diversity in human (and animal) microbiomes and their correlations with medical
conditions have revolutionized the fields of Medicine and Biosciences. However, it is uncertain which
host commensal microbes are the main drivers that restore/protect health from disease, and the
molecules they possess to interact with the immune system. We have addressed this important
guestion using a luciferase reporter infection model to reveal the molecules that commensal bacteria
utilize to induce host-beneficial responses. Our investigations have shown that certain species of
lactobacilli, which are popular as probiotics worldwide, trigger macrophages to produce high levels of
type | interferon (IFN-1) cytokines, which are essential to confer protection against microbial infections
and auto-immune disorders. For the first time, we have proved that this IFN-I activation is
predominantly driven by cGAS, a molecule that activates the cytosolic sensor STING upon the
recognition of bacterial DNA. Furthermore, we have observed that lactobacilli encode some surface
proteins with the potential to interact with macrophages for subsequent phagocytosis via non-opsonic
scavenger receptors. Therefore, we are focused on determining the role that these surface proteins play
as a port of entry in macrophages and characterizing the IFN-I-mediated intracellular signaling initiated
by cGAS. Elucidating these unknown mechanisms will be important to inform on how specific molecules
of commensals modulate or stimulate host responses that, in unhealthy individuals, are exacerbated or
inhibited. Overall, our studies will provide a better understanding on the molecular crosstalk between
the microbiome and mammalian cells, paving the way for major therapeutic discoveries
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Abstract

Some Escherichia coli strains of the B2 phylogroup synthesise a potent genotoxin, named colibactin,
encoded for on their genomic pks island. In eukaryotic cells, colibactin induces DNA damage,
chromosomal instability, and cell-cycle arrest, and it has been shown to trigger the development of
colorectal cancer. Our results demonstrate the inhibitory effect of several amino acids on the pks island
in colibactin-producing strains. All proteinogenic L-amino acids and corresponding D-enantiomers were
tested for their ability to modulate c/bB transcription through a pc/bB-GFP reporter-assay in four
different types of growth media. The most inhibitory amino acids were further validated by RT-gPCR. D-
serine, amongst the most repressive amino acids, was selected for further experiments in two
colibactin-producing strains, CFT0O73 and Nissle 1917. We observed that repression of colibactin by D-
serine reduces the cytopathic responses normally observed during infection of Hela cells with pks+
strains. Levels of y-H2AX (a marker of DNA double strand breaks) were reduced 2.75-fold in cells
infected with D-serine treatment; and exposure of pks+ E. coli to D-serine during infection caused a
reduction in cellular senescence observable at 72 hours post infection. The association between pks+
commensal E. coli and colorectal cancer emphasises the need for colibactin-targeting therapeutics. We
show that D-serine has the potential to prevent colibactin-associated disease and that several other
amino acids may be considered for further investigation as therapeutic candidates.
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Abstract

Photorhabdus asymbiotica is a potent insect pathogen, forming a symbiotic relationship with soil-
dwelling nematodes to facilitate its mutualistic and pathogenic life cycle. Unlike most other species
belonging to the genus, P. asymbiotica can grow above 34°C and is an emerging human pathogen,
causing clinical cases of skin and soft tissue infection termed Photorhabdosis. Transcriptomic analysis at
temperatures simulating insect and mammalian infection have revealed temperature-dependent
differences in the metabolic profile of the organism. To further investigate the mechanism of this
metabolic switch due to temperature shift, the genome-scale metabolic model of P. asymbiotica
(iEC1073) is reconstructed. The metabolic model was built and reconstructed using automated
reconstruction tools and extensive manual curation. Phenotypic predictions of iEC1073, generated using
flux balance analysis, were corroborated against published experimental data to validate the network,
including gene essentiality and phenotype microarray data to verify the utilisation of various nutrient
sources. Following validation, iEC1073 was integrated with published transcriptomics analysis of P.
asymbiotica at 28°C and 37°C to create temperature-specific metabolic reconstructions, whereby flux
through different metabolic pathways is representative of the expression of the gene associated with
the reaction at the temperature of interest. Pathway enrichment analysis and comparison of reaction
fluxes between the two temperature-specific models revealed that at 37°C, P. asymbiotica up-regulates
purine and pyrimidine metabolism pathways alongside glycolysis and the TCA cycle. The up-regulation of
these pathways is indicative of a stress response in the organism to the higher temperatures,
contributing to increased DNA biosynthesis and energy production.
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Abstract

Salmonella are important foodborne pathogens which cause a spectrum of disease in humans ranging
from gastroenteritis to Typhoid fever. Motility is essential in physiology and contributes to competitive
advantage enabling Salmonella to find a hospitable niche within the gut through chemotaxis. One of the
vital roles provided by the intestinal microbiota is to repel invading pathogens from establishing a niche
and causing disease, a phenomenon termed colonisation resistance. The small molecule indole, which is
produced by members of the intestinal microbiota, has been shown to regulate basic physiology,
virulence and biofilm formation in a number of pathogenic bacteria. The objective of this study was to
determine whether indole can effect the motility of Salmonella and if so, elucidate how indole is sensed
and the subsequent signalling cascade.
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Abstract

Otitis media (OM) is a middle ear (ME) infection prevalent in children aged 1 to 4 years old leading to
hearing loss, cholesteatoma and meningitis, thus significantly hampering development. The mainstay of
treatment is antibiotics, however, the emerging antibiotic resistance crisis calls for urgent alternative
therapies. OM represents a substantial financial burden to healthcare systems and families.

Non-typeable Haemophilus influenzae (NTHi), an opportunistic pathogen of human respiratory tract, is
commonly associated with respiratory infections and acute OM. Although NTHi’s interactions with
airway epithelial cells have been thoroughly investigated, little is known about its contribution to ME
diseases.

This is the first study to investigate the interaction of NTHi with the cell surface receptor platelet-
activating factor receptor (PAFr) through the phosphorylcholine (PCho) of NTHi lipooligosaccharide (LOS)
and to relate this to the invasion of ME cells by NTHi.

The mechanisms driving NTHi invasion were investigated in adapted-gentamicin protection cell invasion
assays using strains differentially expressing PCho (NTHi-375, Rd, H457, H446 and H491). In addition,
the role of epithelial PAFr during bacterial invasion was assessed by blocking bacterial access to PAFr via
competitive binding with the PAFr antagonist ABT-491.

Furthermore, this study used cytokine arrays to evaluate the differential expression of
immunomodulatory mediators to NTHi-mediated infection in hMEEC-1 and primary fetal ME cells
resolving the challenge posed when using cell lines, which notoriously present more limited responses
to infection.

Our study will contribute to a better understanding of how NTHi evades the immune system, allowing
the development of novel therapeutic strategies.
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Abstract

Background: Fluoropyrimidines are currently used as a first-line treatment for colorectal cancer (CRC).
The impact of gut bacteria on 5-Fluorouracil (5FU) activity remains relatively unknown. The objective of
this analysis was to delineate potential bacteria-drug interactions that modify 5FU.

Methods: We assessed the ability of 20 common bacterial species from the gut microbiome, to
chemically modify 5FU. Following co-incubation of bacteria of interest with 5FU, ultra-performance
liguid chromatography-mass spectrometry (UPLC-MS) was employed to identify changes in drug
concentration as well as products of bacteria-driven drug metabolism. Statistical analysis using
bioinformatic pipelines in Rstudio was used to determine significant changes in drug concentration. We
also employed a high-throughput screen, looking at hatching fraction of Caenorhabditis elegans (C.
elegans) worm eggs, aiming to investigate the effect of 5FU bioproducts produced by microbe-derived
metabolism of the prodrug on host cellular proliferation.

Results: Escherichia coli (BW25113), Bifidobacterium longum, Citrobacter freundii and Enterococcus
faecalis significantly modify 5FU in vitro, an interaction examined by Wilcoxon spare rank test. Fraction
of hatching following incubation of C. elegans’ eggs with 5FU bioproducts was significantly reduced,
showing that bacteria-drug interactions can activate 5FU.

Conclusion: This is the first report of 5FU metabolism by Escherichia coli (BW25113), Bifidobacterium
longum, Citrobacter freundii and Enterococcus faecalis in vitro, results that have been further validated
using C. elegans model. This study provides an insight into the potential of large and small intestinal
bacteria in chemically modifying chemotherapeutic agents and therefore modulating their activity.
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Abstract

Buruli ulcer is a necrotising skin infection caused by Mycobacterium ulcerans. We recently provided
clinical evidence that, in addition to the direct cytotoxicity caused by its diffusible exotoxin mycolactone,
vascular dysfunction plays a role in disease aetiology. Although many bacteria use toxins to disrupt the
endothelium and promote infection, the mechanisms driving the endothelial dysfunction in Buruli ulcer
are unclear. We show mycolactone’s inhibition of the Sec61 translocon induces changes in endothelial
morphology, adhesion, migration, and permeability. Unbiased quantitative proteomics of human
microvascular endothelial cell membrane fractions identified a profound effect on the glycocalyx, due to
downregulation of both the core protein components and the Golgi enzymes required for synthesis of
their glycosaminoglycan (GAG) chains. These Type Il membrane proteins are highly sensitive to Sec61
inhibition and are rapidly depleted by mycolactone. Loss of the glycocalyx is likely to be of mechanistic
importance, since knockdown of the GAG linker-building enzyme B3Galté phenocopied the permeability
and phenotypic changes caused by mycolactone. The basement membrane is a second key endothelial
target of mycolactone with many secreted basement membrane components depleted, including
laminins a4 and a5. Remarkably, exogenous addition of laminin-511 reduced cell rounding, restored cell
attachment and reversed the defective migration caused by mycolactone suggesting that this might
present a viable therapeutic avenue in the future.
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Abstract

Fosfomycin has a broad spectrum of activity against Gram-positive and Gram-negative bacteria including
Staphylococcus epidermidis. Fosfomycin is an inhibitor of the MurA enzyme. One mechanism that
confers fosfomycin resistance is based on the BSH-dependent FosB S-transferase that adds bacillithiol to
fosfomycin.

Sequencing data of S. epidermidis blood culture isolates showed that the fosB gene can be present on
the core-genome and on accessory-genome elements, such as plasmids. Moreover, the cg-fosB gene
was seen to be characterized in 67% of cases by a stop codon or a frameshift.

To define which is the role of S. epidermidis fosB in fosfomycin resistance, we performed MIC tests. This
showed that, in absence of plasmids, the fosfomycin susceptibility is not dependent on the cg-fosB
arrangement, as neither stop codons or frameshifts in the cg-fosB gene influenced the phenotype.
Fosfomycin resistance appeared to be due only by the presence of plasmids or chromosomal elements
carrying an additional fosB copy. Fosfomycin MIC values of carriage isolates from Italy were about four
fold lower than those of blood culture isolates. Absence of resistance and high overall susceptibility is
surprising due to the utilization of fosfomycin for urinary tract infections in the community in Italy.

Our data indicate that, in contrast to the ag-fosB gene, the cg-fosB paralog does not show any
fosfomycin related phenotype in S. epidermidis. Combined with the data showing lower overall
fosfomycin resistance in community, isolates indicates that likely other factors influence fosfomycin
susceptibility in S. epidermidis.
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Abstract

Late and moderate preterm (LMPT) births represent 6-7% of all births in the UK and are associated with
higher risks of morbidity in infancy and adulthood, contributing to rising pressure on healthcare systems.
Abnormal microbial colonisation may be responsible for poorer outcomes, however, to date, there is a
paucity of data regarding LMPT microbiome development.

During six visits over the first two years of life, 161 LMPT infants (born 32 to <37 weeks gestation) were
followed and data was collected on nutrition, anthropometry, body composition, development,
demographics and medical history. Longitudinal stool (n=372) and saliva (n=404) samples underwent
DNA extraction and 16S rRNA gene sequencing to determine gut and oral microbiomes.

The development of LMPT gut and oral microbiomes up to 12 months was described. Gut and oral
microbial profiles were significantly different at all timepoints, and this difference was more pronounced
with increasing age. We report a number of factors, including gestational age, antibiotic use and length
of hospital stay, that were significantly associated with microbiome composition. Feeding type was
important in driving microbiota composition, with infants fed different diets exhibiting differences in
specific bacterial taxa colonising the gut and oral microbiomes.

Given the role of the microbiome in health, understanding the factors associated with its development is
essential to improving outcomes. Current clinical practices vary markedly for LMPT infants; this work
provides much needed insight into this population and may help with updating guidelines to improve
clinical care.
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Abstract

Differences in the composition of the intestinal microbiota emerge to play a key role in the variation of
vaccine efficacy between infants from geographically distinct locations. In particular, high abundances of
Bifidobacterium species and strains have been positively associated with improved vaccine-related
immune responses. However, underlying mechanisms and potential adjuvant applications are still highly
understudied. Based on the recent research of commensal bacterial extracellular vesicles (BEVs) as
vaccine adjuvants and antigen-carriers, we explored the production and characteristics of BEVs derived
from different immunomodulatory Bifidobacterium pseudocatenulatum strains.

Ideal BEV harvesting time points were determined through CFU assays and BEV purification using
crossflow filtration was standardised for B. pseudocatenulatum strains. Subsequent BEV batches were
evaluated using nanoparticle tracking analysis and TEM resulting in the production of a bank of
replicable BEV isolates. In vitro studies using different cell lines indicate potential modulation of
intestinal barrier responses in CaCo2 cells and stimulation of NF-kB pathways including the production
of IL-8 in THP-1 monocytes which was confirmed by colleagues in vivo. Further potential immune
stimulation by bifidobacterial BEVs is currently investigated in more detail using ELISAs, proteomics, and
further in vitro and ex vivo characterisations.

To date, only a few publications investigated bifidobacterial BEVs and, to our knowledge, no in-depth
characterisation has been performed on BEVs derived from B. pseudocatenulatum strains. This data may
provide insight into potential immune stimulatory properties of B. pseudocatenulatum and their BEVs
which could lead to a new generation of probiotic adjuvants potentially improving vaccine efficacy
variations.


https://orcid.org/0000-0003-1666-2925
https://orcid.org/0000-0001-8938-5709
https://orcid.org/0000-0002-2383-9701

P243

Investigating interactions between Pseudomonas aeruginosa and Streptococcus
mutans in a novel ventilator-associated pneumonia model

Nicole Gilardi, Freya Harrison, Dean Walsh

The University of Warwick, Coventry, United Kingdom

Abstract

Ventilator associated pneumonia (VAP) is a serious nosocomial infection with a 50% mortality rate in
patients who are mechanically intubated using endotracheal tubes. Commensal oral organisms such as
various Streptococcus spp. have been shown to be highly associated with biofilm formation in
endotracheal tubes and so can end up occupying the same niche as hospital-acquired opportunistic
pathogens such as P.aeruginosa in VAP patients. Previous research has suggested how the pathogenicity
of P.aeruginosa can be altered based on interspecies interactions it forms in multispecies biofilms such
as those found in VAP or in cystic fibrosis (CF). Previous studies investigating the interactions between
P.aeruginosa and Streptococci have been conflicting, with Streptococci shown to either inhibit or
promote P.aeruginosa biofilm formation depending on the study. However, most of this research uses
CF isolates and/or is centred around the ecology of CF infections, therefore it remains unclear how these
two microbes interact in the VAP environment. Using a novel VAP model, we observed and
characterised how these two species interact in the VAP environment. Our model comprises sections of
endotracheal tube and tailored growth medium that mimics the airway surface liquid in VAP patients.
Through a series of optimization assays, followed by imaging of mixed species biofilm and virulence
factor assays to determine the components that the biofilm growth is dependent on, we present
innovative results that will contribute to the characterisation of the VAP microbe environment and its
potential treatment.
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Abstract

Periodontitis is a prevalent chronic inflammatory disease, where tissue damage is mainly caused by
inappropriate inflammatory reactions to oral microbiota. Atherosclerosis is also associated with chronic
inflammation, where increased expression and production of proinflammatory cytokines by vascular
cells drives plaque formation and progression. During periodontitis, oral bacteria enter the bloodstream
and interact with vascular cells. Here, we examine the cytokine response of endothelial cells to oral
bacteria to determine if these interactions may play a role in plaque formation.

Human microvascular endothelial cells (HMEC-1) were incubated with oral bacteria (Porphyromonas
gingivalis (Pg), Fusobacterium nucleatum ssp nucleatum (Fnn) & polymorphum (Fnp)) at increasing MOI
(0.1 - 1000) for 4 hours, followed by conditioned medium collection and RNA isolation. Reverse
transcription-gPCR was used to measure fold-change in cytokine gene expression, while ELISA was used
to measure the change in protein secretion levels.

Fnp caused a significant (p<0.05) MOI-dependent fold-change increase in gene expression and protein
release of CXCL8 and IL-6 compared to uninfected controls at MOI 100 and 1000. Similarly, Fnn caused a
significant MOI-dependent increase (p<0.05) that reached a maximum at MOI 100 for fold-change gene
expression and cytokine release, before declining at MOI 1000. In contrast, Pg did not cause any
significance in gene expression or cytokine production.

The following data suggests that infection of endothelial cells with oral bacteria causes an increase in
proinflammatory gene expression and subsequent protein release, which could directly contribute to
the formation of an environment that favours atherosclerotic plague development.
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Abstract

Atopic dermatitis (AD) is a chronic skin condition, characterised by the presence of areas of dry, red and
itchy skin. Staphylococcal colonisation can exacerbate the condition with Staphylococcus aureus being
associated with more severe AD and Staphylococcus epidermidis being associated with mild to moderate
AD. The first step in colonisation of the skin is adhesion of bacteria to the skin’s stratum corneum. The
objective of this study is to uncover the bacterial and host factors that facilitate S. epidermidis
adherence to the stratum corneum. Using in vitro solid phase adherence assays, we investigated if S.
epidermidis adheres to the human stratum corneum proteins loricrin and corneodesmosin. These
proteins were chosen as they were previously shown to be recognised as ligands by S. aureus. None of
the S. epidermidis strains tested, including strains isolated from AD skin, bound to loricrin or
corneodesmosin. We also investigated if the S. epidermidis cell wall-anchored protein SdrG promotes
adherence to immobilized recombinant human loricrin and corneodesmosin when overexpressed in the
surrogate host strain Lactococcus lactis. We found that L. lactis expressing SdrG did not adhere to the
stratum corneum proteins loricrin or corneodesmosin but did adhere to a control protein (fibrinogen).
This indicates that while the stratum corneum proteins loricrin and corneodesmosin are ligands for S.
aureus they are unlikely to be involved in the interaction between S. epidermidis and the stratum
corneum during skin colonisation.
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Abstract
Background

Microbial-based cleaning products (probiotic cleaners) are believed to improve the hygiene of kitchen
worktops, floors, and other surfaces through mechanisms that include antimicrobial activity of
germinated Bacillus spores. We have microbially characterised a selection of probiotic cleaners and
assessed the inhibitory activity of the cleaner vehicle and the associated microorganism(s).

Methods

Seven probiotic cleaners were analysed for the presence of bacteria/microbial spores. An agar well
diffusion test was used to evaluate the antimicrobial effects of these products against Staphylococcus
aureus, Escherichia coli, and Pseudomonas aeruginosa. Each probiotic cleaner was centrifuged to get the
supernatant bacteria-free product (BFP) and pelleted spores (if present). The antimicrobial activity of
the BFP and the spores after germination were tested against S. aureus, E. coli, and P. aeruginosa.

Results

Five out of 7 MBCPs contained Bacillus spores. Four Bacillus isolates had direct antimicrobial effects in
agar well diffusion tests against S. aureus only. None of the germinated spores from the products tested
was able to produce an inhibitory substance against the growth of E. coli and P. aeruginosa. All the BFP
tested inhibited the growth of S. aureus. BFP (6/7) inhibited the growth of E. coli, and BFP (3/7) inhibited
the growth of P. aeruginosa.

Conclusion
The probiotic products contain a combination of two or more microbial species. MBCPs had antibacterial

effects primarily attributable to antimicrobials in the product formulation. Further work will investigate
the safety of MBCPs use with respect to changes to the Human microbiome.
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Abstract

Bacteriophages/phages are viruses that infect bacteria and archaea and are ubiquitous in nature
alongside their cellular hosts. They are also found alongside beneficial bacteria, growth factors and
immune proteins in human milk. In term milk studies, phages were found to be transmitted from
mothers to infants during feeding and may prevent overgrowth of pathobionts in the gastrointestinal
tract (GIT) of infants. We have found that certain phages are incorporated into milk fat fraction and it
may act as a protective shield for phages during transmission to infant GIT. Here, we focused on the
understudied phages of preterm milk and the lipid compositions. We used our previously published
phage isolation protocol to isolate lytic and lysogenic phages from a total of 113 preterm milk samples
expressed over the first 100 days of life, and used shotgun metagenomics and un-targeted lipidomics to
characterise the isolated phage communities and lipid classes, respectively. Our data showed that phage
richness and diversity increased significantly from colostrum to mature milk, with Siphoviridae,
Podoviridae and Myoviridae predominantly presented and longitudinally dispersed in preterm milk.
Saturated short chain triglycerides are more abundant in colostrum milk, whilst long chain mono- and
poly-unsaturated fatty acids are more abundant in mature milk. In addition, we found a number of
phages of putative infecting bacteria that are positively correlated with lipid classes, and this serves as
baseline information for our on-going research on isolating viable phages from milk lipid and their
contribution in modulating GIT microbiota of preterm infants.
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Abstract

Acanthamoeba is a heterotrophic protist that can cause visually devastating Acanthamoeba keratitis
(AK). Acanthamoeba feeds on different microbes, but some microbes can exploit it as host. This study
investigated the prevalence of intracellular bacteria in Acanthamoeba species.

Household bathroom sinks were swabbed from nine AK patients residing in the greater Sydney region.
Samples were cultured for Acanthamoeba growth followed by amoebal 18S rRNA PCR and sequencing of
the rns gene for identification of genotypes. Acanthamoeba isolates were assessed for the presence of
intracellular bacteria using molecular assays; PCR and fluorescence in situ hybridization (FISH) were
performed. The viability of Pseudomonas aeruginosa in one strain was assessed by labeling with alkyne-
functionalized D-alanine (alkDala). Identification of bacteria was confirmed by MALDI-TOF MS.

Among 17 processed domestic water samples, three were positive for Acanthamoeba spp. by culture,
morphological analysis, and Sanger sequencing of 18S rRNA. Upon BLASTn search, all isolates were
identified as Acanthamoeba spp. of genotype T4. One of the Acanthamoeba isolates harboured P.
aeruginosa which was identified by PCR and confirmed by MALDI-TOF. These P. aeruginosa were seen
throughout the Acanthamoeba’s cytoplasm by FISH and identified as metabolically active by alkDala
staining. The P. aeruginosa strain was positive for the exoU gene as a potentially cytotoxic strain.

Acanthamoeba strains were genotype T4, the most common strain causing corneal infection. One of
these strains contained viable P. aeruginosa. As P. aeruginosa is a known corneal pathogen, this may
indicate the potential for these intracellular bacteria in Acanthamoeba to cause superinfections during
keratitis.
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Abstract

Advancement in gut microbiome research has unveiled its connection to hypercholesterolemia, a
prevalent cardiovascular risk factor. Probiotics and synbiotics have emerged as promising cholesterol-
lowering candidates. Due to poor consumer compliance, low-fat diets are not efficacious, therefore
functional food products that can reduce blood cholesterol need to be developed. Hence, this study
explored the cholesterol-reducing potential of a non-dairy ready-to-reconstitute synbiotic product
containing probiotic Lactiplantibacillus plantarum KCFe63 (MT982170) and chicory root powder. The
cholesterol-lowering efficacy of the probiotic, prebiotic and synbiotic product was tested on a
hypercholesterolemic Wistar rat model. Significant (p<0.01) reductions in the body weight of animals
supplemented with the probiotic and synbiotic were observed. The four-week supplementation resulted
in a significant reduction (p<0.001) of serum lipids compared to the statin-administered group. No
significant changes in the fecal Lactobacillus count were observed. Histopathological analysis revealed
mild inflammation and necrotic changes in the probiotic group compared to the other groups.
Moreover, an improvement in hepatic steatosis was observed and there were no signs of mitosis,
pleomorphism, or peripheral inflammation. Further investigation showed that probiotic and synbiotic
supplementation downregulated intestinal expression of Neimann-Pick C1-Like 1 (NPC1L1) by 0.63 folds.
In contrast, ATP binding cassette (ABCG5) cholesterol transporter expression levels were significantly
higher (p<0.05) compared to the disease control group. Altogether, this study reveals the therapeutic
potential of BSH-active KCFe63 by decreasing intestinal absorption of cholesterol and can be explored
further as a natural candidate for alleviating hypercholesterolemia.
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Abstract

Salmonella enterica is a diverse pathogen that is well adapted to cause infections in various hosts. Up to
5% of S. enterica infections result in a phenomenon termed chronic carriage in both humans and
animals. These chronic infections are often associated with gall bladder colonisation and enable bacteria
to be shed through the infected hosts faeces and this facilitates the spread disease. In addition, these
infections are often associated with biofilms on cholesterol gallstones and are resistant to routinely used
antibiotics. While some known virulence proteins have been linked with gall bladder colonization and
phospholipids identified as potential carbon sources in the host gall bladder, the mechanistic details
connecting these two aspects remained unclear. We hypothesised that S. enterica effectors that
contribute to chronic carriage would be highly conserved in S. enterica but not in other closely related
Enterobacteriaceae. Using bioinformatics approaches, we identified 125 S. enterica specific genes that
were absent in the genomes of Escherichia coli, Citrobacter rodentium, Yersinia pestis and Klebsiella
pneumoniae. From this list of genes, we further characterised an outer membrane esterase. Loss of this
esterase in Salmonella led to the inability to use lipids as a sole carbon source and decreased gall
bladder colonization in murine models of infection. We demonstrate that this enzyme is essential for
biofilm formation under lipid rich conditions and is a target for small molecule inhibitors. Our study
provides evidence of a novel target to prevent, and or treat, chronic S. enterica infections.
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Abstract

Quorum Sensing (QS) is a system that bacteria use to sense their population density via signals called
autoinducers. While autoinducer-1 (acylated homoserine lactones, AHL) is a QS signal molecule
produced by Gram-negative bacteria, autoinducer-2 (Al-2) is seen in both Gram-positive and Gram-
negative species. These signal molecules are produced and detected by spoilage-causing
microorganisms to modulate various mechanisms, including biofilm formation, proteolytic activity, and
motility. Pseudomonas fragi is a significant meat spoiler that causes deterioration under refrigerated
conditions resulting in an unacceptable product associated with economic losses. Pseudomonas fragi
does not produce AHL, but this species recognizes and responds to Al-2. The effect of the P. fragi Al-2 on
meat spoilage has yet to be examined in detail. In this study, 104 Pseudomonas species were isolated
from beef and minced meat samples collected from 12 local butchers. A phylogenetic analysis using
rpoD sequences indicated that while most of the isolates (59%) were P. bubulae, a recently defined
species close to P. fragi, and P. fragi (12%); the remaining ones included P. deceptionensis, P. versuta, P.
paraversuta, P. saxonica, P. lundensis, and P. weihenstephanensis. There were also isolates forming
separate clades indicative of possible new species, related to P. fragi and P. bubulae. In further studies,
the Al-2 production of the isolates will be screened using the luminescence created by the biosensor
Vibrio harveyi strain. Later, the spoilage-related properties of the isolates will be analyzed. The results
will give information on the role of Al-2 production on meat spoilage by P. fragi.
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Abstract

The novel microscopy technique Sub-Cellular Fluctuation Imaging (SCFI) has been developed at the
University of Bristol for use as a rapid antibiotic susceptibility test (AST). We aim to investigate how this
technique can be applied to the pathogenic organism Neisseria gonorrhoeae, due to its high level of
antimicrobial resistance, following a successful proof of concept with Escherichia coli. The future
implementation of this technique in clinical settings would eliminate the need for overnight culture of
samples, decreasing the time taken to identify effective antimicrobials.

The evanescent field of a totally internally reflected laser measures internal nanoscale fluctuations of
individual bacterial cells that are immobilised in a microfluidic channel. Analysis of these fluctuations
indicates the metabolic state of each bacterium, therefore distinguishing it as either dead or alive. The
technique can also distinguish between different metabolic states, and therefore, measurements of a
bacterial population therefore result in a metabolic status for the entire sample.

Results presented here show that different metabolic states of N. gonorrhoeae can be distinguished,
such that populations of dead, stationary and exponential phase bacteria can be identified. Fluctuations
observed are significantly lower than those found with samples of E. coli. We hypothesise that this
disparity is due to the morphology and the amount of biological material the laser travels through.

Results of the application of antimicrobials with E. coli and N. gonorrhoeae show that the SCFI technique
can determine antibiotic killing in real time. SCFI can also distinguish resistant and susceptible strains.
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Abstract

The ability to understand and measure cellular heterogeneity is considered an impediment to the
successful treatment of infectious diseases such as tuberculosis, which is once again the leading cause of
infectious death globally. Whilst methods for measuring genetic and transcriptomic heterogeneity are
well established, metabolic heterogeneity is poorly studied in bacteria and their host cells due to the
technical challenges associated with sampling and detection of metabolites at the single cell level. Here
we exploit the Single Cellome™ System to sample from a macrophage model of tuberculosis, allowing
the sampling of single infected macrophages and their sub-cellular compartments including
phagosomes. We are developing mass spectrometry techniques to analyze these samples with the
overall goal of measuring the metabolic heterogeneity of Mycobacterium tuberculosis host cell micro-
environment. A detailed understanding of metabolic heterogeneity and how this drives the disease
process will guide new potential treatment strategies so urgently needed to combat the growing threat
of antibiotic resistant tuberculosis.
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Abstract

Currently, 50 million people in the world are affected by dementia, the most prevalent form of which is
Alzheimer’s Disease (AD). Two of the neuropathological hallmarks of AD are extracellular amyloid beta

plagques and intracellular neurofibrillary tangles composed of hyperphosphorylated and aggregated tau
protein.

The composition of the gut microbiota is strongly influenced by diet and lifestyle, and might be
contributing to our susceptibility to neurodegenerative diseases. Metabolites produced by gut bacteria
are known to influence the integrity of the blood-brain barrier, and studies in mice have shown that
faecal microbiota transplantation from old mice to young mice can impair spatial learning and memory.
Human studies have demonstrated that the gut microbiota composition in AD patients is different from
that of age-matched healthy controls. However, most published studies have focused on Ab pathology
with very few reporting on the impact of the gut microbiota on tau protein.

Drosophila melanogaster is a model organism that has been utilised to investigate tau pathology in AD
by overexpressing wild-type human tau protein. Our previous studies have shown that the
overexpression of human tau in the Drosophila eye produces a characteristic “rough-eye” phenotype
implying neurodegeneration. In our current investigations, we have shown that feeding larvae/flies the
prebiotic Inulin can ameliorate the tau-induced neuronal loss in the Drosophila eye. We will now use
tissue-specific drivers to characterise the gut microbiota of control and tau-expressing cohorts. This
research will contribute towards understanding the importance of the microbiota-gut-brain-axis in the
development of neurodegenerative diseases.
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Abstract

Quorum sensing (QS), a form of bacterial cell-to-cell communication based on the interaction of small
signalling molecules, is known to support the formation of bacterial multispecies communities (biofilms),
also called dental plaque. The persistent presence of plaque is often associated with periodontitis (gum-
disease).

Whilst many QS molecules like C8-acyl homoserine lactones (AHL) and autoinducer-2 have been
described in the oral cavity, their direct impact on host cells remains poorly understood. This work aims
to identify the host response to C8-AHL on oral epithelial cells, in the pursuit of understanding QS
influence on host cells and its immune-activating potential. Oral epithelial cells play an important role in
recruiting neutrophils to sites of microbial challenge by releasing interleukin (IL)-8.

Oral epithelial cells (H400) were grown at 37 °Cin 5% CO2 in the presence of a range of C8-AHL
concentrations (100, 10, 1 and 0.1 uM) for 18 hours. Following this, cell proliferation was analysed by
cell counting, and the release of the proinflammatory cytokine IL-8 was measured by ELISA.

C8-AHL decreased cell counts in a concentration-dependent manner, however, this was not statistically
significant. This result indicates that C8-HSL may reduce the proliferation of oral epithelial cells at higher
concentrations than those tested here. IL-8 production was not influenced by the presence of C8-AHL at
different concentrations, but was constitutively expressed, indicating that C8-AHL has no impact on
neutrophil recruitment. Future experiments will investigate the release of further inflammatory
mediators and assess possible mechanisms of the observed reduction in cell proliferation.
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Abstract

Pituitary apoplexy (PA) is a life-threatening clinical syndrome developed following haemorrhage or
infarction of a pre-existing pituitary adenoma. A recent study suggest a potential role of the microbiota
in precipitating this condition. The primary aim of this project is to (i) better understand the microbiota
of the sinuses in patients with non-functional pituitary adenomas (NFPA) and (ii) to use this data in the
validation of a continuous culture model system representative of the sphenoid sinus. 29 sphenoid sinus
mucosa specimens were obtained from subjects with NFPA. All samples were subjected to genomic DNA
extraction and next generation amplicon sequencing of the V4 region of the 16S rRNA gene. Samples
were analysed in QIIME, and profile data used to design a continuous culture Multiple Sorbarod Device
(MSD) representative of the sphenoid sinus communities in patients with pituitary adenomas.
Taxonomic analyses of the sequences suggested that the staphylococci were the most abundant genera
across all samples. Model systems were able to support key genera identified in sinus samples with
dynamic community stability achieved 3 days after bacterial inoculation. Compositional reproducibility
was broadly observed across replicated model runs with regards to total aerobic and total anaerobic
viable counts according to Levenes test. A validated model of the sinuses in this patient cohort could be
used in the eventual pre-clinical testing of diagnostics and bacterio-therapies. The interaction of sinus
pathogens in a validated model system will help to better understand the role of these bacteria in the
aetiology of PA.
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Abstract

p-Cresol is a by-product of microbial fermentation of tyrosine and phenylalanine in the large intestine.
Gut-derived p-cresol undergoes extensive conjugation in both enterocytes and the liver, reaching the
systemic circulation predominantly as p-cresol sulfate (pCS) with ten-fold lower levels of p-cresol
glucuronide (pCG). In metabolically healthy individuals, pCS and pCG are efficiently cleared by the
kidneys, whereas in patients with renal impairment they accumulate within the blood; pCS is thought to
contribute to the impaired cognitive function frequently observed in these patients.

We examined the effects of physiologically relevant concentrations of pCS and pCG on the blood—brain
barrier (BBB). In vitro and in mice, pCG prevented the BBB-permeabilising effects of endotoxin, acting by
antagonising the LPS receptor TLR4. In contrast, pCS increased paracellular permeability and disrupted
intercellular tight junctions in vitro and in mice. It elicited significant changes in the whole-brain
transcriptome, suppressing neuronal activity, transcription and mitochondrial respiration pathways. pCS
stimulated the epidermal growth factor receptor (EGFR), leading to mobilisation of matrix
metalloproteinase (MMP)-2/9. In vivo, the BBB-damaging effects of pCS could be prevented by the EGFR
antagonist erlotinib or the MMP2/9 inhibitor SB-3CT. Human hCMEC/D3 endothelial cells exposed to
serum from haemodialysis patients, but not from healthy donors, showed an erlotinib-sensitive increase
in paracellular permeability that closely correlated in size to the total serum pCS content.

Our data demonstrate the complexity of microbial metabolite—host communication pathways
underlying the gut—brain axis, and identify means by which microbiome-associated metabolites can be
targeted to improve brain function.
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Abstract

Cystic fibrosis (CF) is a autosomal recessive genetic disorder and presents as mutations in the
conductance regulator gene (cftr gene) resulting in the limitation in the movement of Chloride ions,
leading to dehydration and the build-up of thick mucus in the lungs. Its incidence rate in the UK is 1 in
2500. Pseudomonas aeruginosa (Pa) is the most prevalent bacterial pathogen in chronic infection in CF
patients associated with morbidity and mortality. The role of phages in early colonisation or
engraftment, bacterial adaptation and evolution in Pa is somewhat overlooked. Temperate phages
integrate their genomes into the Pa chromosome thus introducing cargo genes which may drive their
evolution in the lung. We are focus here on paediatric CF samples because we have access to first
isolates that may help understanding how Pa engrafts and alters over time in the CF lungs. A key aim is
to begin to characterise temperate phages as markers of evolution by comparing phage carriage at the
genomic level and how this relates to subversion of Pa in CF patients.

Some of the objectives include the isolation of phages from their clinical samples and subsequently
assessing their infectivity against a range of Pa hosts.

Moreover, looking at the phage carriage in early, more than 60 paediatric samples and how these
phages provide a selective advantage towards chronic infection. This will be achieved with genome
sequencing of phages and Pa isolates and comparison of repository data and longitudinal data thus
highlighting differences and similarities between phages.
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Abstract

Staphylococcus epidermidis is a leading opportunistic pathogen due to its ability to form biofilms on
indwelling medical devices. MLST analysis of S. epidermidis has identified strain type (ST) 2 and 5 as
important in human infections and these carry a larger number of antimicrobial resistance genes. S.
epidermidis is one of the most predominant bacteria found in human breast milk and has emerged as a
leading pathogen in late onset sepsis in preterm infants, which leaves survivors with poor
developmental outcomes. The project aim is to characterise S. epidermidis colonising early preterm
infants and identify prophage regions present in the chromosome. Stool samples from very preterm
infants (<32 weeks gestation) from the NICU in the RVI, Newcastle upon Tyne in the first week of life and
were sequenced on the HiSeq X10 2x150bp chemistry. The data was quality trimmed and host signature
removed using kneaddata and assembled using megahit. S. epidermidis was identified, with genome
completion varying from 50.46%-99.81%. MetaBAT2 was utilised to bin the contigs and GTDB-Tk
identified bacterial classification of the bins. MLST analysis enabled the identification of 6 different ST's,
including ST2 and ST5. Prophage regions were predicted using PHASTER and analysed for AMR, virulence
determinants and auxiliary genes. Our data demonstrates that S. epidermidis STs colonising the preterm
infant gut harbour prophage regions. We hypothesise that prophage induction during antimicrobial
stress in S. epidermidis will drive the evolution of this organism and alter the role it plays in the gut
community which warrants further investigation.
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Abstract
Introduction:

Staphylococcus aureus colonizes 30% of the human population, but only a few cause severe infections.
S. aureus’ virulence varies and partly depends on the presence of prophages (viral DNA embedded in its
genome) such as Sa3int prophage. Exotoxins and immune-modulatory molecules encoded by this
prophage can further inhibit human innate immunity, increasing S. aureus pathogenicity.

Aim:

Investigate genomic plasticity of S. aureus and changes in extracellular proteins after acquisition of
Sa3int prophage.

Methods:

We sequenced S. aureus isolated from the sinus cavities of a severe chronic rhinosinusitis patient using
Oxford Nanopore Technology. In-sillico analysis revealed presence of a Sa3int prophage. Using
mitomycin C, we induced the prophage, transduced it into a Sa3int-free isolate and confirmed by
sequencing. We compared growth-kinetics, biofilm biomass and metabolic activity between parent and
lysogen by establishing growth curves, crystal violet and resazurin assays. Exoproteins were identified
and quantified using mass spectrophotometry.

Results:

Integration of Sa3int prophage transiently down-regulated the beta-hemolysin expression but did not
alter the growth kinetics, adhesion and metabolic activity of biofilm. However, the acquisition of Sa3int
prophage significantly increased biofilm biomass (p=0.05, t-test). Further, Sa3int prophage acquisition
significantly changed the expression of secreted proteins with a significant up-regulation of 45 proteins
and down-regulation of 23 proteins, mainly involved in immunomodulation.

Conclusion:

S. aureus carrying Sa3int prophage releases immune-modulatory toxins that help them escape innate
immunity and cause chronic infection. These findings contribute to the development of novel
mechanisms that render S. aureus susceptible to immune response by blocking prophage-associated
defence mechanisms.
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Abstract

Sebum is a lipid-rich biofluid, secreted by sebaceous glands, which lubricates skin, and acts as a
protective barrier against infectionl1. Volatile organic compounds (VOCs) present in sebum have
previously been identified as potential biomarkers for Parkinson’s disease (PD)2. Malassezia, lipophilic
commensal fungi, proliferation and seborrheic dermatitis caused by skin microbiome dysbiosis, are
directly associated with a significantly increased risk of PD development4. Microbial colonisation of
sebaceous glands is dependent on sebum composition. Recent work has also shown composition of
sebum changes in diseases such as PD, Alzheimer’s, COVID-19 and tuberculosis. We hypothesised that
changing sebum composition requires skin commensal microbes to adapt metabolically.

We investigated the growth ability of three skin-specific bacteria, Staphylococcus epidermis, hominis,
and capatis, and three sebum-specific bacteria, Cutibacterium acnes, Corynebacterium ureicelerivorans,
and suicordis on artificial sebum6 in single cultures and co-cultures for 72 hours. Skin-specific bacteria
do not rely on sebum for their feed, but sebum-specific bacteria are known to exclusively use sebum as
their energy source. Lipase activity of each culture was measured through the quantification of the
release of p-nitrophenol at timepoints 0, 24, 48, and 72 hours. Additionally, microbial metabolite
production was determined, with both endogenous and exogenous metabolites obtained from the
microbial cultures at timepoints 0, 24, 48 and 72 hours analysed using gas chromatography-mass
spectrometry (GC-MS). The data presented show in vitro adaptation to changing lipid feed and
metabolic response of these bacteria. Microbial metabolic markers, in vivo, may potentially be useful
substrates for disease diagnosis.
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Abstract

Late onset sepsis (LOS) and necrotising enterocolitis (NEC) are diseases affecting very preterm, low
birthweight infants. Imbalances in bacterial communities of the infant gut have been associated with a
greater risk of preterm infants developing NEC, but exact mechanisms remain poorly understood.
Lysogenic and lytic bacteriophages from maternal breastmilk may play a role by interacting with bacteria
within the gut, affecting bacterial gene expression, microbial composition and driving horizontal gene
transfer, which may offer positive or negative outcomes for the infant.

To identify the impact of bacteriophages on bacterial communities, their transduced function, and
impact on the preterm, we will investigate microbial communities within maternal breast milk and
neonatal stool samples. Bacteriophages of interest will be isolated to provide an important and novel
panel. Their infectivity will be characterised by creating mock preterm gut community types (PGCTs)
using isolated bacteria from patient samples. This study focuses on a PGCT that is enriched with
Klebsiella species, as they are commonly associated with NEC. Co-culture experiments will expose mock
communities to the bacteriophage panel. Bioinformatic tools predicting prophage presence will inform
identification of bacteriophages that correlate to LOS and NEC. These bacteriophages will be classified
using DNA extraction, genome sequencing, and viral structure.

The characterisation of bacteriophages and their impact on the bacterial communities will provide a
clearer picture of their role in the composition of the preterm infant gut. Gaining insight into
bacteriophage-host interactions, within the gut microbiome, may inform future studies concerning the
immunity and survival rates of preterm infants.
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Abstract

Preterm infants are at greater risk of diseases such as necrotising enterocolitis (NEC) and late onset
sepsis (LOS). Multiple studies have interrogated the microbial communities associated with neonatal
intensive care units (NICUs) and preterm infant mucosal surfaces.

Using targeted bacterial sequencing and mass spectrometry we demonstrate significant differences (R2
=0.30, P < 0.05), between microbial and metabolite compositions of preterm infant stools from NICUs
across the UK. However, a large degree of variance between microbial and metabolic compositions
remains unexplained.

Bacteriophages are viruses that infect bacteria and remain a comparatively under-explored component
of gut microbiota acquisition and development. We compared bacteriophage communities in stools of
53 preterm infants (including 15 with NEC) from a single UK NICU with those of 25 preterm infants
(including 9 with NEC) from a single US NICU. Viromes were characterised by metagenomic sequencing
and demonstrated community similarity through several shared taxonomic features, including those
infecting Staphylococcus, Enterococcus, Escherichia, and Enterobacteria spp of bacteria. Significant
differences in overall viral richness were observed between NICUs (P < 0.05). Longitudinal patterns of
viral richness were also different between NICUs with significant increases in inducible viral richness (P =
0.04) and significant decreases in free viral richness (P = 0.02) preceding NEC in UK NICUs. These
patterns were not observed in US NICUs.

These results suggest inclusion of bacteriophages may represent a new frontier in clinical studies as
biomarkers of health and disease states by adding greater resolving power than bacteria or metabolites
alone.
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Abstract

Microbial colonisation and subsequent disequilibria within the preterm infant gut correlate to a higher
risk of developing diseases such as necrotizing-enterocolitis (NEC) and late-on sepsis (LOS). Maternal
milk (MM) has been associated with reducing the risk of preterm infants developing these diseases. This
is partly due to the critical role of MM in development of the preterm infant gut microbiota and
association with a developing immune system.

MM and stools from mother-infant pairs share bacterial strains but also a multitude of bacteriophages.
The transmission of bacteriophages via breastfeeding modulates the gut microbiome by bacteriophage
infection of bacterial hosts and may play a role in augmenting or stimulating environmental fitness of
bacterial species through selecting a bacterial community structure or through acquisition of novel
function.

The role of bacteriophages transmitted to the infant, via MM, remains poorly characterised. This study
aims to explore the impact of bacteriophages isolated from MM on defined bacterial preterm gut
community types (PGCTs). This study focuses on one PGCT associated with early life dominated by
Enterococcus faecalis. Phages isolated from MM and stool will be used in infectivity assays against
bespoke mock communities of bacteria isolated directly from this PGCT. Genomic and community-based
analyses will promote understanding of prophage carriage within Enterococcus faecalis and other
clinically relevant strains from this PGCT.

Identification of a novel panel of bacteriophages or bacterial lysogens with defined roles in the preterm
infant gut may inform future studies to promote the establishment of a healthy gut microbiota in this
high-risk cohort.
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Abstract

The rumen represents the largest fermentative compartment in the ruminant stomach. It is a complex
and dynamic ecosystem, comprising mainly anaerobic bacteria, protozoa, fungi, methanogenic archaea,
and bacteriophages. Our current understanding of the rumen microbiome is impeded by poor culture
collections and a lack of effort placed on culturing following an explosion in ‘omic’ technologies in recent
years. This has led to an assumption that many microbes are unculturable, when it is recognised that
with modest concentrated effort they could be cultured. In this study, we bring many of the missing
bacteria from ruminal bacterial families into pure culture to enhance their current culture collection.
Using the dilution to extinction method, ruminal fluid samples from sheep and cattle were plated onto
three growth media namely Hobson’s M2 medium, Bovine Heart Infusion (BHI) medium, and PC basal
medium to isolate anaerobic bacteria. This resulted in isolation of over 120 ruminal bacteria, with
observed differences in their profile with respect to the medium used highlighting the importance of
media diversification during isolation. Additionally, 16S rRNA gene sequencing analysis reveals a
potential new species of ruminal bacteria with only a 94.38% identity with the most closely related
bacteria, Parabacteroides goldsteinii in the NCBI database. Further characterisation of this new species
may provide insight into their role in the rumen microbiome and importance to the host. Overall, our
results provide an enhanced understanding of the rumen microbiome, allowing for novel research on
microbiome function/role in the health, productivity, and sustainability of ruminants.
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Abstract

The gut microbiota is crucial for the determination of host health. Its functions vary from producing
essential nutrients for the host to preventing the colonisation of pathogens. Changes in the diet have
been shown to modulate the gut microbiota. Phytochemicals (non-nutrient food components) found in
fruit and vegetables can modulate metabolic processes and promote better health. However, the
interaction between phytochemicals and gut microbiota is poorly understood.

To address this, we conducted a randomised 2x2 crossover study to estimate the effect of diets rich in
dietary bioactives on the gut microbial diversity and markers of metabolic health in 20 healthy
participants. Participants consumed a diet high in bioactive-rich food (containing polyphenols, Sulphur
(S)-metabolites, and carotenoids) and a diet low in bioactive-rich food for 2 weeks, with a washout
period of 4 weeks in between. Extensive food diaries are collected and analysed to ensure compliance
with the diet. We did not observe a significant difference in the microbial composition with the dietary
intervention. However, we did observe a significant difference in the relative abundance of Phocaeicola
vulgatus after the high bioactive arm (p = 0.048). Interestingly, it was not observed in the low bioactive
arm. Our results suggest members of the gut microbiota community can be influenced by dietary
bioactives.
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Abstract

Aedes aegypti is a major mosquito vector of human arthropod-borne viral (arboviral) diseases, including
chikungunya virus, dengue virus, yellow fever virus and Zika virus, all of which are emerging or re-
emerging globally. For transmission between humans to occur, these arboviruses must infect and
successfully replicate in their mosquito vector. Therefore, a better understanding of arbovirus-vector
interactions is invaluable in helping us develop new strategies to control the transmission and
emergence of arboviruses.

The mosquito midgut is an important initial site of arbovirus replication, the virus then disseminates to
secondary tissues including the salivary glands. The goal of this project is to develop protocols for
isolating single-cell suspensions from midguts, for use in flow cytometry and other molecular ex vivo
studies. A range of digestive enzymes were tested alone and in combination, with different
temperatures and timings, in order to determine which conditions lead to the release of single cells. Cell
viability was also measured.

Mechanical disruption by vigorous pipetting and the combined enzymatic activity of collagenase,
dispase and DNase enzymes, at 28°C in an overnight incubation led to the generation of single cell
suspension, with a cell viability of approximately 100%. Cell transfectability was also tested and
optimised to facilitate plasmid-based overexpression of fluorescent markers or other proteins.

Our protocols for generating tractable single-cell suspensions from midgut tissue will facilitate molecular
studies into arbovirus-vector interactions in model cell systems more relevant to in vivo infection
compared to existing cell culture tools.
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Abstract

During chronic obstructive pulmonary disease (COPD) there is an altered composition of the lower
respiratory tract microbiome compared to healthy individuals. As professional phagocytes, macrophages
are crucial in the clearance of microbial pathogens from the lungs during infection and disease. Evidence
from previous phagocytosis models indicates that macrophages exhibit selectivity to uptake particular
bacteria over others during COPD, however these models primarily used heat-killed bacteria. The aim of
this project was to develop and improve an in vitro phagocytosis model using live bacteria, to investigate
whether an altered microbiome composition may be attributed to macrophage selectivity. This assay
compares uptake of live, clinically relevant isolates and commensal bacteria, to provide a more realistic
and representative model of host-microbe interactions in the airways. Monocyte-derived macrophages
(MDM) derived from whole blood samples were co-exposed with live H. influenzae or S. pneumoniae for
4 hours, to allow for determination of internal and external bacteria. Quantification of internalised
bacteria was achieved by viable colony counts in macrophage lysate after 4 hours. In future, this assay
will be used to challenge MDM from healthy individuals and COPD patients, with clinical isolates of
pathogens and commensals extracted from COPD sputum samples to investigate both species and
strain-level selectivity. Further development of this model will involve introduction of background
communities of the respiratory microbiome to study their impact on MDM phagocytosis. Understanding
the role of macrophage selectivity could provide insight into host and microbial therapeutic targets to
reduce infection-induced COPD severity.
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Abstract

Iron deficiency is the most common micronutrient malnutrition globally. While many staple food items
such as cereals and infant formula milk are fortified with iron, the absorption rate of dietary iron is low
(~20%). A number of studies reported that a high dose of dietary iron increased pathogenesis especially
in iron-deficient children’s gut microbiota. And yet, iron supplements are widely used in most age
groups. Lactoferrin is an iron-binding protein that is naturally rich in colostrum and potentially has a role
in promoting breastmilk to be more bioavailable. Recently, it is also used as a supplement for adults, as
it is claimed to be beneficial to immune system. In this project, we aimed to explore the effect of iron
and lactoferrin in realistic doses on both infant and adult gut microbiota by in vitro models.

From a 48-hour fermentation in adults (n=4), iron induced less growth in the family of Lactobacillaceae
(-3.1 L2FC*), while more growth was observed with lactoferrin (3.61 L2FC), compared to the control. On
the other hand, a greater growth than the control was resulted with both iron and lactoferrin in infants
(n=3; 1.56 and 2.60 L2FC respectively). Lactoferrin also promoted the microbial diversity in both adults
and infants. While iron decreased the diversity in infants, a slightly increased diversity was resulted by
iron in adults.

Continuous fermentation experiments (12 and 32 days for infants and adults) are on progress to find
further effects in different regions of the large intestine for a longer time period.
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Abstract

Vaginal microbiome and host inflammatory response mediate preterm birth (PTB) risk, but the strongest
PTB risk factor is a previous preterm delivery. Here, we aimed to determine if cervicovaginal metabolic
profiling using Direct Swab Analysis by DESI-MS permits stratification of PTB risk phenotypes associated
with cervical shortening and vaginal microbial composition.

Vaginal swabs collected longitudinally throughout pregnancy (n=1018 swabs) were analysed by DESI-MS
using an LTQ-Orbitrap Discovery mass spectrometer and custom rotating swab holder. Metataxonomic
profiling (V1-V2 hypervariable regions) was performed on a MiSeq platform. The ability of DESI-MS
metabolic profiles to predict clinical outcomes and microbiota composition was explored using
multivariate PLS-DA and random forest models with repeated K-fold cross-validation.

DESI-MS cervicovaginal metabolic profiles were weakly predictive of pregnancy history (previous PTB
n=204, previous cervical treatment n=109; (AUCneg=0.58, AUCpos=0.61)) and subsequent treatment for
cervical shortening (n=85 interventions, n=85 controls, (AUCneg=0.67, AUCpos=0.65)). Profiling of
samples collected following intervention indicated capacity to distinguish women who subsequently
shortened their cervix despite cerclage (n=14) from those who maintained cervical length (n=37)
(AUCneg=0.65, AUCpos=0.68). The capacity of DESI-MS to predict microbiota composition in women
with a cerclage in situ was strong at major species and genera level (AUCneg=0.92, AUCpos=0.93).

Our data indicate that early pregnancy cervicovaginal fluid metabolic profiles are not strongly reflective
of PTB history risk phenotypes but offer potential for stratifying women who subsequently experience
cervical shortening. DESI-MS swab profiling can still robustly predict vaginal microbiome composition
after cerclage, which is an important mediator of maternal and neonatal health outcomes during
pregnancy.
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Abstract

Infants born very preterm (<32 weeks of gestation) have immature immune systems and are subject to
abnormal microbial colonisation, a combination which can increase the risk of disease. Characterising
the complex relationship between temporal development of the gut microbiome (both structure and
function) and systemic immunity alongside clinical information is therefore of significant importance. In
this study, 266 longitudinal stool samples from 66 very preterm infants underwent 16S rRNA gene
sequencing to analyse gut microbial structure. To further explore the functional status of these gut
members, and immune profile in this population, a subset of these samples underwent metabolomics (n
=101), and a subset were matched for serum (n = 41) to explore T-cell sub-populations using cytometry
by time of flight.

The strongest association was found between age and the gut microbiota (P < 0.001). There was no
association between clinical information and metabolite or T-cell profiles, including no association with
age (P >0.05). We next sought to look for relationships between the three datasets, finding no robust
correlation between gut bacteria, luminal metabolites, and circulating T cell sub-populations. This study
provides an important insight into the potential network of relationships underlying preterm gut
microbiome structure and function with the host immune system. We find very little correlation
between the datasets, potentially owning to the dynamic nature of microbiome and immune
development during the initial weeks of life in preterm infants. Further work with a higher number of
matched samples is needed to confirm these findings.
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Abstract

The gut microbiome has increasingly been implicated in the development and progression of various
neurological disorders via modulation of the microbiome gut brain axis (MGBA). Fermented foods are a
rich source of beneficial metabolites that are produced by a robust community of microorganisms and
can therefore be used to target the MGBA. Herein we use computational techniques to identify a small
arsenal of fermented foods that could be adopted in modulating the MGBA, thereby conferring
therapeutic benefit to the host. We functionally annotated 150 fermented food metagenomes sourced
from two geographical locations using HUMANN3-BIOBAKERY pipeline. Food metagenomes were
annotated with tools of neuromodulatory significance, specifically: I) OMIXER-RPM, 1I) TRYPPNET, )
vitamin B metabolism and IV) immunomodulatory peptides production- MAHMI database. We found
that neuromodulatory potential of the fermented foods was driven by food substrate categories.
Fermented sugar based samples possessed most of the genes pertaining to tryptophan metabolism and
this is supported by incorporation an additional of 300 sugar based fermented foods. Substrate
categories of dairy, bean and millet exhibited genes influencing levels of short chain fatty acids and
neuroactive compounds. In doing so we comprehensively identified broad substrate categories of
fermented foods that have the potential to modulate the underlying neurological state of the host.
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Abstract

Allergic asthma is a chronic inflammatory disorder characterized by airway hyperresponsiveness, tissue
remodeling, and inflammatory infiltration resulting in airway obstruction. The house dust mite (HDM),
Dermatophagoides pteronyssinus, is associated with asthma. This study investigated the effect of acute
HDM exposure on mice lungs inflammation.

Balb/c were subcutaneously sensitized with HDM/Alum (10 pg) on Day 1 and a boost was given on Day
8. They were then exposed to a repeated intranasal challenge of HDM (10 pg) on Days 10-13, 17-20, and
24-27. The model induction was not associated with any significant clinical signs. Mice were euthanized
at Days 21, 28 (peak of inflammation), and 35 (resolution). A 90% increase in total immune cell
infiltration was observed in the bronchoalveolar fluid on Days 21 and 28 after the respective last
challenges (Days 20 and 27). Interestingly, 80% of the total cell count was constituted of eosinophils
suggesting their major role in this model. Indeed, asthma induces a Th2 induced IL5 response to recruit
eosinophils. Eosinophils significantly decreased at Day 35 one week after the last challenge at Day 27.
Neutrophils, macrophages, and lymphocytes although significantly less pronounced followed the same
pattern. In addition to cell infiltrate, increases in proinflammatory cytokines in BAL (IL5, IL4, IL-6 and
TNF) were observed on Day 28.

In conclusion, HDM model of respiratory inflammation reliably recapitulates the inflammatory response
observed in asthma. Therefore, this model represents an interesting translational tool in drug
development focusing on respiratory diseases.
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Abstract

It is believed that pathogens experience a variety of environmental influences when adjusting to a new
in-vivo environment during infection. However, there is still no clear answer to what the key within-host
environmental factors are that drive the evolution of pathogenic bacteria and how bacteria adapt to
these key factors, such as novel nutrients and stressors. In this study, we experimentally determined the
population dynamics of three Pseudomonas aeruginosa strains under oxidative stress (OS) in a defined
medium mimicking cystic fibrosis sputum. Surprisingly, LESB58, a clinical isolate from cystic fibrosis
chronic infection, is particularly susceptible to hydrogen peroxide compared to both PAO1, a commonly
used lab strain, and PA14, a highly virulent strain. Between the last 2 strains, the more sensitive one,
PA14, failed to adapt to OS in a 12-day serial transfer experiment. 89% (n=9) of PA14 lineages failed to
adapt under OS while PAO1 maintained a high population density until the end of the evolution
experiment. In addition, the extinction of PA14 lineages due to OS is rescued by reduced pH. Future
studies will strive to better comprehend the interaction between population dynamics and ecological
responses of P. aeruginosa strains to adapt to oxidative stress.
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Abstract

Changes in gastrointestinal transit time have been associated with a number of diseases such as:
Parkinson’s disease where sufferers usually experience constipation, irritable bowel syndrome which
can present as constipation and/or diarrhoea, and colorectal cancer associated with reduced motility.
The composition of the gut microbiome and its activity are major factors in gut health and often affect
gut transit time. Nevertheless, the impact of the gut transit time on the microbiome and bile acid
metabolism is not fully understood.

Healthy volunteers were administered Loperamide an anti-diarrhoea medication, or Senna, a laxative for
6 days. Analysis of the gut microbiome and bile acid composition and markers of bile acid synthesis were
analysed.

We observed that a reduction of the gut transit time led to an increase of both primary and secondary
bile acids in the stool, and the hormone FGF19 that regulates de novo bile acid synthesis was elevated
following the administration of Senna. We also show that slowing gut transit by administration of
Loperamide increases species richness of the microbiome and a significant increase of the probiotic
species Bifidobacterium dentium. By contrast, administration of Senna resulted in a 6-fold elevation of
specific species associated with dysbiosis such as Ruminococcus gnavus, while B. dentium decreased 23-
fold. Lastly, we found that gut transit times significantly correlated with the level of bile acids, key
microbiota species, and bacterial bile acid transforming genes in stool samples.

These findings could help elucidate the role of gut transit time in different disorders.
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Abstract

Plasma trimethylamine N-oxide (TMAOQ) is associated with cardiovascular disease. TMAO can be derived
from choline that is metabolised by the gut microbiota into trimethylamine (TMA), and then converted
into TMAO in the liver. The aim is to understand the relationship of individual’s capacity to produce TMA
from choline by the gut microbiota and their plasma TMAO measurements.

In-vitro fermentation of faecal samples from 24 human donors was undertaken in a batch colon model
to investigate the metabolism of 2 mM choline by the gut microbiota over 48 hours under anaerobic
conditions, constant stirring at 372C and pH 6.6-7. Plasma TMAO was measured from blood samples
donated on the same occasion as faeces used for colon models. Fermentation samples and plasma were
analysed by LC-MS method using isotopically labelled internal standards of methylamine compounds to
measure choline and TMA concentration.

The time it took to utilise choline in-vitro varied, with most participants metabolising choline between
24 and 36 hours. However, there was no significant difference in the rate of choline utilisation per hour
between fast and slow metabolisers. There was a distinct group of participants who showed limited
TMA production. Furthermore, the rate of choline utilisation measured from in-vitro experiments
showed no correlation with mean plasma TMAO levels measured in the same subjects.

In-vitro fermentation of choline into TMA is highly variable and is not correlated with plasma TMAO
levels. Investigating the in-vitro fermentation of other TMA precursors could aid our understanding of
their correlation with TMAO values.
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Abstract

It is inarguably accepted that microorganisms and humans depend on each other. With the
advancement of microbiome research, this has become clearer. Microbiome research has come a long
way, especially gut microbiome research leading to the application of microbial therapy for human
diseases. On the other hand, the respiratory microbiome is comparatively still in its infancy. Although
the human respiratory microbiome is being studied, and a core microbiome is not yet compiled, some of
the most common bacteria are well known while their role is being investigated.

We aim to investigate the relationship of these commonly identified bacteria as a commensal or a
pathogen with human lung epithelium. For this purpose, we are maintaining human alveolar cell line
A549, in an air-liquid interface (ALI). This helps cells differentiate in a manner that closely resembles the
human alveolar epithelium. These maintained ALl would be subjected to transepithelial electrical
resistance (TEER) measurements to monitor electrical resistance across the simulated epithelium with
time to understand when it is most stable. We aim to introduce two bacterial species, Staphylococcus
aureus and Pseudomonas aeruginosa to represent commensals and pathogens, respectively. This will be
conducted as a mono-infection study as a preliminary step.

Changes to cell health (viability), adherence, and invasion of bacteria to the epithelial ALl will be
measured. Cytokine levels are to be measured (Abcam cytokine antibody array) in addition, to
understanding the differences or similarities of the molecular pathways that are activated/deactivated
with each type of bacteria (Ingenuity pathway analysis, Qiagen).
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Abstract

Trimethylamine N-oxide (TMAOQ) is an organic osmolyte found in fish and other foods. Elevated serum
levels of TMAO have been linked to an increased risk of cardiovascular disease, while lower levels have
been shown to have protective effects on the blood-brain barrier and metabolic health. In the human
gut, bacteria metabolise TMAO to trimethylamine (TMA), which is then transported to the liver and
converted back to TMAO before being excreted in urine. The protein TorA, predicted to be encoded by
Escherichia and Klebsiella spp., was reported to drive TMAO to TMA metabolism in the human gut.
Literature review determined that there were several pathways by which gut bacteria could convert
TMAO to TMA. Our bioinformatic analyses of ~36,000 human-gut-associated bacteria showed that TorA
was present in 14 of 9,898 of the Klebsiella genomes examined. Instead, the cytoplasmic
molybdoenzyme BisC was found to be highly prevalent in Klebsiella spp. BisC has previously been shown
to metabolise biotin sulfoxide and methionine sulfoxide. Due to the level of amino acid similarity (63.3
%) between BisC and TorZ, another molybdoenzyme that can metabolise TMAO, we hypothesised that
BisC had TMAO reductase activity. The BisC enzyme from a caecal isolate of K. pneumoniae has been
purified. Our results suggest that K. pneumoniae BisC can reduce TMAO under anaerobic conditions.
Informing our laboratory work with bioinformatic analyses has demonstrated the importance of
validating in silico predictions experimentally and has allowed us to develop a greater understanding of
processes driving bacterial TMAO metabolism in the human gut.
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Abstract

Forensic taphonomy is a sub-discipline of forensic anthropology and has become a focal point for
research in recent years. Research in this area is important to develop taphonomic models to assist with
the estimation of the post-mortem interval (PMI) within the United Kingdom (UK). As the application of
microbiology to forensic taphonomy continues to grow, necrobiomes have become a valuable potential
tool for estimating the PMI especially when paired with further chemical analysis. An in vitro model has
been established to isolate and differentiate bacteria which allows for the formation of struvite crystals
through the detection of urease enzyme activity. Simultaneously, analysis of volatile organic compounds
(VOCs) produced by organisms present in the gastrointestinal (Gl) tract, particularly those identified
from the necrobiome and allow for the formation of struvite crystals, was carried out through gas
chromatography-mass spectrometry (GC-MS). VOCs were sampled in vitro from pure liquid and plate-
based cultures to establish baseline profiles for each organism. Porcine analogues were used in an
indoor and outdoor environment, in vivo and ex vivo measurements of VOCs were sampled during
varying stages of decomposition and compared to the in vitro findings, leading to the identification of
organisms present during different stages of decomposition and the presence of organisms which allow
for the formation of struvite crystals. This research has the potential to contribute to a taphonomic
model to help estimate the PMI within the UK.
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Abstract

Alternatives to prophylactic antibiotic use in agriculture is required to maintain healthy and high
performing animals. Prebiotics can be used to augment the compositional cecal microbiota of
agriculturally relevant animals. While the gut microbiota of broiler hens has been well established and
successfully correlated to performance, relatively few studies have been completed on the composition
or prebiotic supplementation in mature laying hens during peak egg production. This study focused on
establishing the impact of mannan rich fraction (MRF), on the cecal microbiota of peak laying hens.

Taxonomic richness (using the Chaol a-diversity index) was significantly increased for all ranks and
taxonomic evenness (using the Simpson’s evenness a-diversity index) was significantly decreased for all
taxonomic ranks in MRF-supplemented birds (P<0.005). Use of principal coordinate (using Bray-Curtis
dissimilarity matrices; B-diversity) and principal component analyses found significant variation between
treatment groups. When assessed for compositional uniformity (a flock health indicator) using DBSCAN,
microbiota in MRF-supplemented birds was more uniform (displaying significantly less outliers) than
control birds at the species level. The food-borne pathogen, Campylobacter jejuni, was significantly
decreased in MRF-supplemented birds. From a performance perspective, species associated with high
body mass were significantly decreased while butyrate and propionate producers were significantly
increased in MRF-supplemented birds.

Prebiotic use may be a key factor in limiting agri-food chain pathogen persistence and in promoting
uniformity. This study established increased a- and B-diversity indices in peak layers (determinants of
pathogen mitigation and performance), increased compositional uniformity, decreased pathogenic
bioburden, and increased performance correlators in MRF-supplemented birds.
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Abstract

Dysregulation of the gut microbiome has been implicated in metabolic and neurological disease via the
gut-brain axis. Identifying microbiome-derived compounds mediating these effects remains an
important topic of research. Previous research identified novel microbiome-derived metabolites
produced by Lachnospiraceae, 3-M-4-TMAB and 4-TMAP, in both the gut and brain of mice. The
metabolites structurally mimic carnitine, colocalize with carnitine and inhibit carnitine-mediated
mitochondrial fatty acid oxidation (FAQ) in white matter cells. FAO is implicated in regulating cellular
proliferation and fate of neural stem cells (NSCs), and cultured NSCs permit in vitro modelling of nervous
system development and diseases. Considering that defects in FAO are recognised as important risk
factors in neurological diseases, it is critical to elucidate further the function of metabolites with the
potential to inhibit FAO and brain function. This project investigates the effect of these metabolites and
FAO inhibitors on NSCs in vitro. NSCs were expanded into proliferating and quiescent states using
appropriate growth factors and nutrient-rich media. Confocal microscopy allowed quantification of
proliferation with cell cycle marker Ki67. Data analysis did not reveal significant differences between
treatments within activity states, but significant differences were noted post-treatment between
proliferating and quiescent conditions. In future experiments, 3-M-4-TMAB and 4-TMAP will be
administered to germ-free and specific pathogen-free mice to determine their effects on the brain in
vivo using advanced imaging techniques such as mass spectrometry imaging.
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Monitoring of the gut microbiome in the course of selected cancers in mice
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Abstract

The composition and metabolism of the intestinal microbiome are strongly related to the diet. An intake
of dietary fiber results in a production of short-chain fatty acids (SCFA), contributing to the anti-
inflammatory reaction by participation in maintaining a balance between the suppression of
inflammatory mediators (TNFa, IL1B, IL6) and the induction of anti-inflammatory cytokine (IL10).

The SCFA levels were determined in stool of mice with colorectal cancer and a control group to assess
microbiota homeostasis disorders related to a cancer progression, as well as an influence of high-fiber
diet on the concentration of SCFA in feces and cancer progression. Analytical methods (HPLC with
UV/Vis) and NGS sequencing were applied.

A diet enriched with cellulose had a positive effect on an intestinal abundance of Akkermansia
muciniphila in cancer-affected animals. Lactobacillus abundance decreased when diet enriched by 20%
cellulose was used. Animals consuming cellulose-rich diet reveal a lower Firmicutes:Bacteroidetes ratio
comparing to group on standard diet.

A diet with potato starch caused an increase of Bifidobacterium and Faecalibaculum, and a decline in
abundance of Blautia, Peptocdoccus, Ruminococcus UCG-010 and Anaeroplasma. The diet was the main
modulator of the gut microbiome, moreover, a diet rich in potato starch significantly changed the SCFAs
profile and increased their fecal concentration.
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Abstract

Shigella sonnei causes shigellosis, a severe gastrointestinal illness that is sexually transmissible among
men who have sex with men (MSM). Multidrug resistance in S. sonnei is common and can include
resistance to the World Health Organisation recommended treatment options, azithromycin, and
ciprofloxacin. Recently, an MSM-associated outbreak of extended-spectrum B-lactamase producing,
extensively drug-resistant S. sonnei was reported in the United Kingdom. Here, we aimed to identify the
genetic basis, natural history, and international dissemination of the outbreak strain. Our genomic
epidemiological analyses of 3,304 isolates from the United Kingdom, Australia, Belgium, France, and the
United States of America revealed an internationally connected outbreak with a common, low fitness-
cost resistance plasmid, previously observed in travel associated sublineages of S. flexneri. Our results
highlight the persistent threat of horizontally transmitted antimicrobial resistance and the value of
continuing to work towards early and open international sharing of genomic surveillance data.
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The Benefits of Global Genomic analysis of sporadic Salmonellosis — A case
study with Salmonella Cotham associated with Salmonellosis in Children
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Abstract

Routine genomic sequencing for Salmonella has been in place at UKHSA since 2014, single nucleotide
polymorphisms (SNP) or core genome multilocus sequencing typing (cgMLST) are used to detect
genetically related strains for outbreak investigations. Certain serovars, such as S. Cotham, can cause
invasive diseases and pose a clinical risk especially if young children are infected. Sporadic case
transmissions can be difficult to trace due to a lack of local data. The aim of this study was to understand
the possible source of sporadic S. Cotham cases in England using genomic sequencing in the context of
global data.

An outbreak caused by the rare Salmonella serotype Cotham was first detected in 2012 in the United
States. Research found that S. Cotham was linked to bearded dragons. There was a high percentage of
infants which were infected with this very rare serotype.

S. Cotham isolates referred to the Salmonella reference laboratory between 2004-2021 were analysed in
this study. Demographic data and travel information was analysed to assess trends and cgMLST of
isolates was performed via Enterobase and mapped with globally available strains to understand the
genetic diversity.

Further investigation could be done to see how many people were infected by Cotham. The limitation
that we have with gastrointestinal infections is that the symptoms are self-limiting, which means that
the illness is not reported accurately.

S. Cotham has the potential to lead to life threating infections. Therefore, the investigation of S. Cotham
is important to help implement potential public health measures.
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Abstract

Synthetic biology takes a ground-up approach to the genetic engineering of cellular systems capable of
building novel biomolecule components, networks, and pathways, while using these approaches to
rewire and reprogram biological systems. Here we used a synthetic biological approach to create a
recombination system for the identification of the essential nucleotides in attB sites that are required by
®24B Int to promote DNA recombination. We have designed a vector that harbours both the attB and
attP sites facing in opposite directions. These sites lie within a synthetically produced fragment of DNA
that is 5271 bp long. The GFP reporter is placed within the vector so that it is expressed following a
recombination event. Several vectors were designed in order to detect fluorescence from the
recombination product in the in situ recombination assay. Depending on the orientation of the two att
sites, the result was either a recombination producing a single recombined plasmid that enabled GFP
expression, or recombination producing two circular DNA molecules without fluorescence detection.
Recombination events could only occur once in the absence of a recombination directionality factor,
which was not supplied in these experiments.
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A comparison of two Acinetobacter spp. with contrasting drug susceptibilities
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Abstract

A. lwoffii and A. baumannii are the leading causes of Acinetobacter-derived bacteraemia in England and
Wales, 33% and 18% respectively (PHE, 2022). Whilst both species are similar in the infections that they
cause, they have markedly different antibiotic susceptibility profiles (PHE, 2022). A. Iwoffii is almost pan-
drug sensitive, whereas A. baumannii is frequently multi-drug and even pan-drug resistant, leading to
life-threatening infections that are challenging to treat. It is currently unknown why these two species,
that inhabit similar niches and cause similar infections, have such different responses to antibiotic
treatment. Here, 4,809 A. baumannii and 38 A. Iwoffii whole genome sequences were interrogated to
investigate why A. Iwoffii is more susceptible than A. baumannii. A. Iwoffii encoded far fewer antibiotic
resistance and efflux pump associated genes than A. baumannii explaining its greater antibiotic
susceptibility. However, A. Iwoffii encoded more DNA defense systems, indicating that A. /woffii is more
stringent about the DNA it maintains within its genome. Our results also show that A. /woffii has a lower
mutational frequency than A. baumannii and that A. Iwoffii does not readily acquire mobile drug
resistance genes. Understanding if A. Iwoffii might develop drug resistance and the mechanisms of this
will ensure appropriate treatment of A. Iwoffii infections and shed light on how multi-drug resistant
pathogens, such as A. baumannii, may have developed resistance.
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Abstract

Acinetobacter baumannii is a Gram-negative opportunistic pathogen, displaying resistance (intrinsic and
acquired) to antibiotics, desiccation, and disinfectants. Since A. baumannii is being explored in
epidemiological studies, but also regarding its persistence and virulence, we examined the limits of the
plasticity and heterogeneity of A. baumannii strains. We have assembled the complete genomes of
modern clinical isolates and broadly used strains of A. baumannii. Subsequently, we have evaluated
genotypes (sequence types, capsule locus types, outer core lipooligosaccharide locus types,
antimicrobial resistance genes and virulence genes) and the phenotypes (hemolytic and protease
activity, capsule production, capsule thickness, macrocolony morphology, natural competence, and in
vivo virulence). The whole-genome analysis revealed a high heterogeneity in capsule locus types and
sequence types. The modern clinical isolates and the broadly used strains differed in colony
morphology, cellular density, capsule production, natural transformability, and virulence. These
differences between the currently circulating strains of A. baumannii and the broadly used strains could
lead to strain-specific results if only a limited subset of non-modern established strains are used. As an
answer to the high heterogeneity amongst A. baumannii strains, we propose a first comprehensive
database called Acinetobase (https://acinetobase.vib.be/), which includes the bacterial strains and the
associated phenotypic and genetic data. We have established the first database providing complex
information such as genomic, phenotypic data and the strains of Acinetobacter. This new implementable
repository, freely accessible to the entire community, allows selecting the best bacterial isolate(s)
related to any biological question, using an efficient and fast exchange platform.
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Neisseria subflava strain KU1003-01 outcompetes Neisseria gonorrhoeae using a
contact dependant mechanism.
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Abstract

Neisseria subflava is commensal and associated with human oropharyngeal colonisation, this species
can however also colonise the human genitourinary tract. These same mucosal niches are sites for
infection by the pathogen Neisseria gonorrhoeae. Competitive processes are known to occur at mucosal
sites and commensals are known for their ability to interfere with a pathogen’s potential for host
colonisation. The aim of this study was to investigate whether N. subflava strain KU1003-01
outcompetes N. gonorrhoeae strain NCCP11945 in co-culture and whether the Type VI Secretion System
plays a role in the competition.

The Type VI Secretion System in N. subflava strain KU1003-01 is composed of 13 core genes, present as
two gene clusters. A bioinformatic analysis was carried out to identify tssM, a membrane protein gene
essential for secretion system function. Using the kanamycin resistance gene (KAN) amplified from a EZ-
Tn5 <KAN-2> kit, Overlap Extension PCR was used to generate a construct for tssM knockout. The final
construct consisted of KAN flanked by sequences homologous to the KU1003-01 genome. The sequence
upstream of KAN included the native tssM promoter, the sequence downstream included a neisserial
DNA Uptake Sequence (DUS). Following transformation, tssM knockout was confirmed by lllumina
whole genome sequencing.

Using the tssM knockout and wild type N. subflava, a significant difference (P< 0.001) was seen in
recoverable N. gonorrhoeae CFU following co-culture assays. The findings indicate that N. subflava strain
KU1003-01 outcompetes N. gonorrhoeae strain NCCP11945 and suggests the Type VI Secretion System
plays a role in the competition.
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Abstract

The human skin microbiome is a complex ecosystem organised into communities, which have major
contributions to health. Methods to study these community structures have been developed but have
been largely limited to low-throughput quantification and short amplicon sequencing. Shotgun
metagenomic sequencing has emerged as a preferred method for microbiome studies. However, the
relatively low bacterial bioburden of skin makes obtaining enough DNA for shotgun metagenomic
sequencing challenging. No commercialised kit protocol, which produces sufficient DNA from skin
(including longer fragments) suitable for shotgun metagenomic sequencing, currently exists. Here we
describe an optimised high-throughput DNA extraction, shotgun metagenomic sequencing, and analysis
pipeline, which performed well on skin swabs from adults and babies. The pipeline established can
effectively characterise the skin microbiota from bacterial skin swab samples with a cost end throughput
suitable for larger longitudinal sets of samples. Application of this method to samples from mothers and
babies will allow greater insights into community compositions and functional capacities of the skin
microbiome.
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Abstract

Biocides are widely used to control and prevent healthcare-associated infections. The emergence of
bacterial resistance to biocides and cross-resistance to antibiotics is a major concern. Understanding
how nosocomial pathogens respond to biocidal agents is key to improve infection prevention and
control.

A biofilm evolution model was used to study the evolutionary changes that occur in Staphylococcus
aureus and Enterococcus faecalis with biocide exposure. Biofilm and planktonic lineages were exposed
to sub-lethal concentrations of Chlorhexidine digluconate (CHG) and Octenidine dihydrochloride (OCT)
in parallel for =250 generations.

Both pathogens were able to adapt significantly above the MIC of both biocides with planktonic lineages
able to survive higher concentrations of CHG and OCT before growth was inhibited. Lower biofilm
formation was seen in E. faecalis mutants after being stressed with CHG than with OCT. Similarly, for S.
aureus, CHG exposure was consistently linked with low biofilm biomass. Evolved isolates had no major
fitness deficit and low level changes to susceptibility to various other antimicrobials were observed after
biocide exposure.

Sequencing of mutants identified various mutations including in genes associated with phospholipid
synthesis. SNPs in S. aureus fatty acid kinase (fakA) and in E. faecalis dak2 — a fakA homologue — were
repeatedly isolated from independent lineages strongly suggesting a novel role in biocide tolerance.

This data shows important pathogens can adapt tolerance to two common biocides but that this has
collateral impacts on biofilm formation, colony morphology and fitness. Genotyping revealed changes in
phospholipid synthesis, which is consistent with the mechanism of action of both biocides.
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Abstract

Enteric fever is the inclusive term for infections caused by Salmonella enterica serovar Typhi and
serovars Paratyphi A, B and C: the typhoidal salmonellae. Humans can harbour typhoidal Salmonella
asymptomatically and sporadically excrete bacteria, termed the carrier state. While the S. Typhi carrier
state has been scrutinised, that of S. Paratyphi A has not, despite this pathogen accounting for >36% of
enteric fever cases in endemic regions.

Large-scale chromosomal rearrangements have been shown to alter gene expression in clinically
important bacteria, including in S. Typhi where they occur during chronic infections. In Salmonella,
rearrangements typically occur around the seven ribosomal RNA operons, where genome fragments
exhibit altered relative positions and/or orientations. These genome structures (GSs) are identified using
long-read sequencing, which spans across highly repetitive regions into flanking DNA.

This project examined differences in GS patterns between S. Paratyphi A isolates responsible for acute
disease, and those associated with convalescent, temporary and chronic carriage states (defined by the
time since initial isolation from the carrier). Isolates were collected by UKHSA between 2004 and 2013,
alongside corresponding short-read sequencing data. To characterise GS types, DNA was extracted from
a subset of acute and carrier isolates using the RevoluGen PuriSpin Fire Monkey Kit. DNA underwent
multiplexed, long-read sequencing on the Oxford Nanopore MinlON, and GS analysis was performed
using socru. Genetic relationships between isolates were also assessed.

Understanding genomic differences between S. Paratyphi A isolates provoking acute infection and
bacterial carriage provides insights into the role GS plays in human carriage.
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Abstract

Meningitis is an infection of the protective membranes surrounding the brain and spinal cord. It is
estimated to affect ~1.2 million people annually, with a death toll of ~ 135,000 people worldwide.
Current policy in the UK is to generate whole genome sequences (WGS) of all invasive isolates. Large
collections of meningococcal WGS have also been generated through carriage studies. Mining of these
resources to identify genetic determinants of disease and carriage phenotypes using high throughput
phenotypic testing and Genome-wide association studies (GWAS) and phase variation (PV) analyses will
facilitate understanding of how these organisms spread and cause disease.

For high throughput phenotypic testing, we have adapted six assays, including adhesion to A549 cells,
growth in minimal and enriched media, biofilm formation and sensitivity to serum. Assays have been
performed on ~300 MenW cc11 and ~200 MenY cc23 isolates with equal proportions of disease and
carriage isolates.

Statistical analyses with MenW isolates detected significant differences between disease and carriage
isolates in multiple assays and between two closely-related MenW disease sub-lineages in the serum
sensitivity assay. GWAS was performed utilising an elastic net model and the phenotypic data,
phylogenetic trees and WGS. This model detected 55 significant hits and associations of specific variants
with high/low values for specific phenotypes. PV analyses also detected associations between specific
loci and phenotypic variation.

In summary we have established high-throughput assays for rapid phenotypic testing of multiple
bacterial isolates and applied statistical analysis and GWAS/PV analyses to identify genetic determinants
of disease-associated phenotype variation.
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Abstract

Campylobacter jejuni is a widespread pathogen with a complex ecology that necessitates adequate
methods to define the genetic population diversity within a single specimen. This study was conducted
on 92 genomes of C. jejuni strains isolated from stool of four gastroenteritis patients. Standard
microbiological isolation followed by genome analysis using pangenomics, phylogenetics, and specific
gene detection tools to determine sequence type (ST), resistance determinants and virulence.

Three patients were infected with a single C. jejuni ST: ST-21, ST-61, ST-2066 while one patient was
infected with two distinct strains, ST-51 and ST-354. Each ST's pangenome contained 1406-1491 core
genes and 231-264 accessory genes. From the same patient, isolates of the same ST shared 12-43 core
non-recombinant SNPs and 0-20 frameshifts with each other. Statistically, neither the mutation nor the
accessory genes were linked to a particular functional class. All STs included at least one resistance
determinant, with ST-354 containing three. The number of virulence-associated genes varied amongst
the isolates, ranging from 110-160 genes. All isolates contained genes for cytolethal distending toxin B
gene (cdtB), Campylobacter adhesion to fibronectin F gene (cadF) , and the heat survival protein
conferring gene (htrB) .

Our findings show that even within the same ST, the C. jejuni population within a single patient's stool
was genetically diverse. Understanding the diversity of the C. jejuni population within a patient can
inform future analytical approaches for public health investigations.
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Abstract
Tempo and Mode in Molecular Evolution of Viruses
Background

We aim to create a taxonomy of quantitative differences in parameters of evolutionary variation across
viruses, in terms of Tempo (substitution rate) and Mode (selection pressure).

Methods
All viral Genbank sequences, containing coding sequences and collection dates, were parsed using
biopython, and aligned to their reference sequences using Needle. Multiple sequence alignment was

performed using MAFFT. Non-coding regions of genomes were removed.

Recombination analysis was performed using Simplot. Clock like behaviour was measured using
Tempest. Substitution rate was measured using BEAST. Selection analysis was performed using SLR.

Results

The above methods produced 393 high quality alignments of less than 50kb with 10 to 50 sequences
and at least 5 years of collection date range.

Selection Analysis 30% of alignments didn’t show any selected sites and for the remainder, 1237
positively selected sites were present.

Molecular clock of the 60% of alignments that showed no recombination, 63% showed correlation
coefficient > 0.5 in TempEst, indicating clocklike behaviour.

Substitution rate for those alignments with R > 0.5, substitution rates ranges from 1.45 E-3 to 1.55 E-7.



Conclusion
Segmented viruses behave differently in evolutionary parameters mentioned in results.
Recombinants signals appearance and substitution rates varied among various taxonomy levels.

density of selection sites/total sites within genomes showed bimodal distribution.



P295

ASSOCIATION BETWEEN PHASE VARIATION STATES AND MENINGOCOCCAL
DISEASE AND CARRIAGE USING HIGH THROUGHPUT PHENOTYPIC TESTING

Mercy Kimai', Robeena Farzand?, Evangelos Mourkas?, Abdullahi Jama?, William Monteith3, Neelam
Davel, Neil Oldfield*, Jay Lucidarme®, David Turner*, Ray Borrow?>, Luisa Martinez-Pomares®*, Samuel
Sheppard?, Christopher Bayliss!

lUniversity of Leicester, Leicester, United Kingdom. *University of Oxford, Oxford, United Kingdom.
3University of Bath, Bath, United Kingdom. *University of Nottingham, Nottingham, United Kingdom. UK
Health Security Agency, Manchester, United Kingdom

Abstract

Neisseria meningitidis, an exclusive human pathogen, asymptomatically colonises the upper respiratory
tract. However, it can invade and multiply systemically causing invasive meningococcal disease (IMD).
Meningococcal virulence is driven by phenotypic differences that might result from genetic variation
(allelic, accessory or phase variation) between lineages, sub-clones or arises during IMD.

IMD due to a novel MenW:cc11 strain expanded rapidly from 2009 with the emergence of a sub-strain in
2013 that was predominant by 2015. Phase variation (PV) is one of the process by which Neisseria
meningitidis control expression of several genes involved in host adaptation. We have determined PV
states for several outer membrane proteins (OMPs) and other PV genes on ~300 isolates to extend
knowledge of the impact of PV on meningococcal disease and carriage traits. These isolates include
equal proportions of disease isolates of the two MenW:cc11 sub-variants (termed the 'original’; and
‘2013’ variants) and a mixed set of carriage isolates.

We will discuss the progress in establishing links between specific phase variable genes and the relative
importance of PV as compared to other types of genetic variation in determining differences in
phenotypes. Currently, our PV analyses have shown associations between some loci and phenotypic
variation. We will also discuss the relevance of our findings for understanding how the MenW:cc11
lineage spreads within populations, causes disease and for the emergence of the 2013 sub-variant.
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Abstract

Myxobacteria are ubiquitous soil bacteria that are famous for social predation, secondary metabolite
production, and having unusually large genomes of high GC% content. Bacterial genome evolution is
thought to be driven by two major evolutionary dynamics - the ‘Red Queen’ dynamic, which rewards
innovation and genome expansion, and the ‘Black Queen’ dynamic, which promotes specialism and
genome streamlining. In theory, genome size is a balance between gene gain and gene loss, with larger
genomes being indicative of Red Queen dynamics, and smaller genomes indicating the dominance of
Black Queen dynamics.

We are investigating relationships between four interdependent factors (genome size, GC%, growth
rate, prey range), which are likely to affect, and be affected by, Red and Black Queen dynamics. Via a
series of experimental perturbations, we are attempting to engineer changes in the four factors defined
above, with the goal of assessing their impacts on the other three factors. For instance, asking whether
changing a myxobacterial genome’s GC% content positively or negatively impacts the organism’s growth
rate, and whether a myxobacterium engineered to grow faster, exhibits increased genome streamlining?
Currently, genes from the mut and uvr families are being targeted for genetic disruption, to (we expect)
increase mutation frequency and mutational bias towards AT, and consequently change the genomic
GC% content. Changes in GC% will be investigated by genome re-sequencing and strains with altered
GC% will also be tested for changes in genome size, growth rate and prey range.


https://orcid.org/0000-0002-0302-7722

P297

Developing simulations of stochastic and persistent environmental selection
barriers acting upon phase variable genes in the food borne
pathogen Campylobacter jejuni

Jonathan Holmes?, Christopher Bayliss!, Michael V Tretyakov?, Christopher Fallaize?

University of Leicester, Leicester, United Kingdom. 2University of Nottingham, Nottingham, United
Kingdom

Abstract

Phase variation is an important generator of phenotypic diversity across a range of bacterial species.
Stochastic changes in gene expression, which can be mediated by the presence of hypermutable tracts,
occurs during cell division and drives population wide phenotypic diversity. Campylobacter jejuni, a food
borne pathogen and causative agent of gastroenteritis, contains a range of phase variable cell surface
factors which may influence host colonisation and spread. Our aim is to model phenotypic diversity
introduced through phase variation on bacterial populations and to determine whether this diversity has
a role in adaptation of Campylobacter jejuni during infection and carriage. We aim to model this
phenomenon by producing mathematical system models to understand the role of selection and non-
selective bottleneck events on population structure and prevalence of particular PV genotypes. Through
the use of an in silico model design, phase variation can be simulated under various complex scenarios.
Using high volume and variety in silico data we have characterised the impact of selection and
bottleneck events allowing the prediction of the environmental forces acting on an observed population.
We have used evolving neural networks and machine learning on simulated data to untangle the
complex stochastic events associated with non-selective bottlenecks in parallel with variable selection
and mutation. Applying these methods to previously studied in vitro and in vivo examples highlights the
validity of these models to real environmental stimuli acting upon observed bacterial populations and
can allow predictions on how phase variation drives phenotypic diversity during infections.
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Abstract

Endemic antimicrobial resistance has driven the requirement for the development of new antibiotics
and a comprehensive understanding of the production of antimicrobials and their producing strains.
Clavulanic acid (CA) is a B lactamase inhibitor administered alongside B lactam drugs to increase their
efficacy and is synthesised industrially by Streptomyces clavuligerus. Decades of strain improvement
through random mutagenesis have allowed the development of strains of S. clavuligerus that return
higher yields of CA, often at the cost of genetic stability. Extensive genome sequencing efforts have
shown that these strains have a dynamic genome organisation that may undergo genome
rearrangements during the fermentation process, significantly affecting the production of CA. This work
addresses critical problems regarding genomic dynamics of S. clavuligerus by investigating industrial
strains during the fermentation processes, developing methods to isolate and track individual strains
during the industrial process using techniques such as barcode sequencing (bar-seq). The work also links
the genotype to various phenotypic traits of S. clavuligerus, including CA production, sporulation and
nutrient uptake with a view of addressing key questions regarding the production of CA, with a view to
using genetic intervention to stabilise the genome, thus returning higher and more consistent yields of
CA.
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Large-scale genomic analysis reveals an association between the gonococcal 8-
lactamase plasmid, TEM alleles and gonococcal lineages
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Abstract

Neisseria gonorrhoeae (the gonococcus) is a significant health threat due to its high global disease
burden and increasing antimicrobial resistance (AMR). The gonococcal B-lactamase plasmid pbla
encodes a TEM B-lactamase that requires only one or two amino acid changes to become an extended-
spectrum B-lactamase (ESBL) which would render the last resort treatment for gonorrhoea ineffective.
pbla is a mobilizable plasmid that needs the gonococcal conjugative plasmid pConj to spread among
bacteria.

Several variants of pbla exist, and little is known about their spread in gonococcal populations. We
analysed available sequences of pbla and established a typing scheme based on distinctive patterns of
gene presence/absence in the plasmid. Implementing the typing scheme, we assessed the distribution
of pbla variants across 17,959 gonococcal isolates and identified three major variants circulating in
gonococcal populations. We found that these variants are associated with different TEM alleles and
show a distinct pattern in the gonococcal population. Our large-scale analysis revealed a specific
association between pbla and variants of pConj, suggesting a co-dependency of the two plasmids for the
spread of AMR.

Our pbla typing scheme allows robust analysis of the plasmid in databases of whole genome sequences
and should enable prediction of whether a plasmid can be mobilized by pConj. Understanding the
variation and distribution of pbla is essential for our ability to monitor and predict the spread of AMR in
N. gonorrhoeae.
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Abstract

The EcoKl enzyme complex methylates the target sequence of (AACN6GTGC) across the Escherichia coli
genome. Among 581 EcoKl target sequences in the E. coli genome, only eleven sites are positioned in or
near a promoter region. We hypothesise that the EcoKl type | restriction-modification system (RMS)
methylation of these sites could modulate gene expression via epigenetic changes.

In addition to known function of EcoKl as a host defence mechanism, we tested the system’s ability to
impact gene regulation upon methylation of target sequences. Synthetic DNA for three promoters were
designed with the wild-type (wt) and altered EcoKI target site, inserted in a lux reporter plasmid and
then into host strains with different EcoKl activities (intact system, hsdM —, or hsdR —). Luminescence
measured as a proxy for gene expression showed that argR and prpR wt promoters were upregulated in
a methylation-positive host. On the contrary, the rnc promoter was upregulated in the methylation-
negative host. Comparing the expression between wt and modified EcoKl- promoters in a methylation-
positive host indicated that argR and prpR promoters had higher expression from wt promoter. For the
rnc, the expression was higher from the modified promoter. Cloning both wt and modified promoters in
a methylation-negative host produced no significant difference in gene expression implying that the
observed differences in expression were methylation dependant. This work documents a clear
epigenetic effect of a non-phase variable type | RMS implying that these changes could occur in many
bacterial genera as type | RMS are ubiquitous enzyme systems.
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Abstract

The repeated emergence of pandemic multi-drug resistant (MDR) Escherichia coli clones is a threat to
public health globally. In recent work, drug resistant E. coli were shown to be capable of displacing
commensal E. coli in the human gut. We hypothesise that there are three factors potentially responsible
for the apparent competitive advantage of drug resistant E. coli clones: production of lytic phage or
bacteriocins; enhanced metabolic capabilities; or the presence of a type VI secretion system (T6SS). We
employed genomic and experimental approaches to investigate. First, we searched for T6SS apparatus
genes across a curated dataset of over 20,000 genomes representing the full phylogenetic diversity of E.
coli. This revealed large, non-phylogenetic variation in the presence of T6SS genes. No association was
found between T6SS gene presence and MDR clones. However, multiple MDR clones have lost essential
T6SS genes. We've shown that the pandemic MDR clone ST131-H30Rx lost the essential T6SS gene tssM
when it was interrupted by insertion of ISEc12. To investigate the importance of this, a three-way
competition assay was designed to assess the contact-killing capabilities of three strains - ST131-H30Rx,
its drug-susceptible TssM-producing ancestor, and laboratory strain K-12 MG1655. Our results
confirmed the competitive advantage of ST131-H30Rx in the absence of antibiotics, but its success was
not due to the presence of phage, secreted proteins or contact-dependent killing. Our findings suggest
that metabolic advantages therefore may be a key component in the success of MDR E. coli clone ST131-
H30RXx.
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Abstract

Streptomyces clavuligerus (Sclav) produces clavulanic acid and is composed of four giant linear plasmids
(GLPs) and its chromosome. Various genes essential for the maintenance of linear replicons, such as tap
and tpg which encode telomeric terminal proteins, are found on three out of four GLPs. We will
investigate plasmid-chromosome interactions to determine the role of tap-tpg and aim to cure GLPs for
decreased metabolic burden and increased clavulanic acid production. Previous work demonstrated a
circularised chromosome and loss of plasmid after cutting the largest GLP, pSCL4, potentially due to the
absence of tap-tpg. To determine the role of tap-tpg in chromosomal and plasmid linearity, we tested
their inactivation using CRISPR-dcas9 multiplexing, targeting tap-tpgs on pSCL4, tap-tpgs on pSCL3 and
tap-tpg, on pSCL2. Sclav colonies were screened for the loss of replicon telomeres. lllumina sequencing
showed loss of plasmids and telomeres in multiplexed mutant strains. Future work will focus on
determining GLP copy numbers in the mutants and elucidating the mechanisms of telomere replication
in these multi-replicon organisms to eventually create a plasmid-free strain.
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Abstract

Introduction: Staphylococcus haemolyticus is a common skin commensal, along with many other non-
aureus Staphylococci (NAS). NAS are important in the skin microbiome especially in neonates, priming
the innate immune system and inhibiting pathogens. S. haemolyticus is however also a major cause of
Late Onset Sepsis (LOS) especially in very low-birth-weight infants. As well as increased hospital stays,
LOS can result in ischaemia, necrotising enterocolitis, meningitis, cerebral palsy and other
neurodevelopmental impairment. There are many studies showing S. haemolyticus is associated with
disease, but the wider phylogeny of the organism remains unclear.

Methods: Using Illumina and MinlON platforms, we have sequenced >800 S. haemolyticus from across
Europe isolated between 1975-2022, combined with all available NCBI S. haemolyticus genomes to
create a phylogenetic tree based on core gene alignment.

Results: We have created the largest phylogenetic tree on S. haemolyticus to date which shows
significant variation in the species. Near-identical isolates were isolated from hospitals in different
European countries with a conserved core genome of 1816 genes. Genes significantly associated with
neonatal bloodstream infection included copAB and cinA involved in copper homeostasis. The presence
of mecA and the 1S256 transposase was widespread demonstrating how linked resistance to beta-
lactams and aminoglycosides has spread on a mobile element. Genes associated with teichoic acid and
capsule biosynthesis were also significantly over-represented in isolates taken from blood.

Conclusions: This research identifies the diversity of genotypes of S. haemolyticus associated with
nosocomial infection and helps understand the evolution of the species over time and in different
locations.
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Abstract

Neisseria meningitidis (Nm) occasionally causes invasive infections but is normally detected in the
nasopharynx of asymptomatic carriers. Invasive meningococcal disease (IMD) presents as meningitis
and/or septicaemia. Multiple serogroups and lineages cause IMD; MenB. MenY and MenW predominate
in the UK. Meningococcal genomes encode multiple copies of several surface-located proteins or
antigens. Many of these genetic loci are also associated with large repeat arrays that are thought to
exhibit high levels of variation. Using whole genome sequence and PCR-based analyses, the genomic
organisation of the opa, pilC, maf and lipopolysaccharide-associated Igt genes were examined in isolates
of the MenY cc23/cc174 and MenW ccl1 clonal complexes.

Four loci encoding Opa proteins were present in the same locations in all genomes and frequently
exhibited duplication and recombinatorial mosaic alleles. Conversely variation in repeat arrays flanking
opa genes was infrequent. Two conserved loci encoded phase-variable (PV) pilC genes that

were divergent in a central gene region. Multiple Igt genes were present in all of these clonal complexes
but only IgtG was PV in the cc11 lineage whereas one or more Igt genes contained polyC or polyG tracts
in other lineages. Three loci encoding Maf proteins were identified in three maf genomic islands (MGI) in
the genome of cc23 and cc174 and exhibited variability in sequence and content of these due to
recombination and deletions.

Genomic variability in these multiple copy genes demonstrates the plasticity and adaptive potential of
surface molecules in meningococcal lineages. These traits that may facilitate spread, host persistence
and invasiveness.
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Abstract

Campylobacter jejuni and C. coli are Gram-negative, helical, microaerobes, considered to be the leading
bacterial cause of human gastroenteritis. However, they can live commensally in many animals, notably
chickens. The acquisition of the crucial nutrient, iron, which is limited in host niches, is key for successful
intestinal colonisation across a range of hosts. A database of 18,784 C. jejuni and C. coli isolates were
examined for the presence and allelic variation of known iron uptake systems and their transporters.
This study has shown that the haem (chuA), Fe** (feoB), and rhodotorulic acid (p19) systems are 100%
conserved across a large collection of isolates with the main variation occurring in the enterobactin and
lactoferrin iron utilisation systems. There was a high level of allelic variation within the cfrB enterobactin
receptor and multiple protein variants were identified, functional and non-functional. Although cfrB was
100% present, a functional CfrB variant was only identified in 36.6% of isolates, with many of these
lacking the CfrB cognate esterase, cj1376. This resulted in only 18.9% of isolates possessing a fully
functional CfrB enterobactin uptake system, contrasting to the 83.4% of isolates that possess a
functional CfrA based enterobactin iron uptake system. Analysis of the source from which isolates were
obtained and the distribution of enterobactin iron uptake genes they possess indicates a potential
advantageous aspect of having certain combinations of these genes which merits further investigation.
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Abstract

The genomic DNA in eukaryotic nuclei is packaged as chromatin.The fundamental chromatin subunit is
the nucleosome, which consists of two each of the histone proteins,H2A,H2B,H3andH4, around which
about146DNA base pairs are wrapped.This structure can be compacted further to form higher order
chromatin structures.In higher eukaryotes,the linker histoneH1 is known to play a pivotal role in the
higher order compaction of chromatin.Previous work has identified that Saccharomyces cerevisiae
stationary-phase(SP)cultures comprise two cell populations.During yeast SP,the younger daughter cells
form a quiescent(Q)cell population whilst the older mother cells form a non-quiescent population(NQ)of
cells that undergo apoptosis and necrosis.It is the quiescent cell population that will remain viable
duringSP and it is these cells that will re-enter the cell cycle upon nutrient addition to the media.In
Saccharomyces cerevisiae,however,the identification of histoneH1 is controversial Although the Hhol
protein is proposed to be the yeast histoneH1,it has a structure distinct from the canonical histone H1
and its role in the yeast is poorly characterized Recently,another candidate which may function as
yeastH1 has been identified, Hmo1p.In this project,| will investigate the roles of Hholp and Hmolp in
yeast cells.The aim is to identify which protein is the most likely candidate to be the yeast linker histone
H1.1 will test the hypothesis that the role of Hholp and/or Hmo1lp will be in the quiescent population of
cells formed during yeast stationary phase where it will function to compact chromatin and repress
global gene transcription
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Abstract

Like all micro-organisms, plant pathogens depend on environmentally-derived nutrients and energy
sources, such as complex carbohydrates. Niche-adapted microbes are expected to adapt to exploit
environment-specific resources by developing appropriate metabolic and enzymatic capabilities for
processing them. For instance, host-restricted plant pathogens might be expected to develop
Carbohydrate-Active enZyme (CAZyme) repertoires targeting the liberation of simple sugars from
complex molecules specific to their hosts. In this way, delineation of a newly-sequenced pathogen's
CAZyme complement might help predict its host range, or potential for host jumps.

Using software developed within our group we predict, catalogue and analyse the CAZyme
complements of phytopathogen genomes from the Family Pectobacteriaceae, including Pectobacterium
and Dickeya spp. (soft-rot pathogens), and Brenneria and Lonsdalea spp. (pathogens of woody plants).
We identify diverse and distinctive CAZyme repertoires of these Enterobacterial plant pathogens,
including coevolving sets of CAZymes that distinguish between taxa and that are potentially associated
with host range. In particular, we identify CAZymes that appear to be specific to pathogens of woody
hosts. These may be useful novel candidates for engineering towards more efficient industrial processes
and achieving net zero targets, such as breakdown of recalcitrant woody lignocellulosic material in the
production of biofuels.
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Abstract

Bacteria belonging to the class Coriobacteriia, within the phylum Actinobacteria, are prevalent within
the gut microbiota of a range of animals but their diversity is poorly understood. Culturomics studies
and recovery of metagenome-assembled genomes (MAGs) from datasets has led to the identification of
over 200 new species of Coriobacteriia. However, the taxonomy of this class is complicated, because 16S
rRNA gene-based analyses are not sensitive and no single study has included all known species
associated with the taxon. Consequently, some species are misclassified, a problem compounded by
inaccurate reporting of species descriptions in the literature. The aim of this study was to accurately
define the taxonomy of the class Coriobacteriia, particularly in relation to the families Atopobiaceae,
Coriobacteriaceae and Eggerthellaceae. We collected 258 genomes (95 isolates and 160 MAGs) and,
where available, associated 16S rRNA gene sequences of representative Coriobacteriia from NCBI and
GTDB. Only 152 genomes were of high quality (>90 % completeness, <5 % contamination). Phylogenetic
and functional (eggNOG-mapper) analyses were undertaken. Phylogenetic trees based on 16S rRNA
gene sequences or whole-genome sequences showed the novel families RUG844 and QAMHO1 belong
to the family Eggerthellaceae, which the novel family UMGS124 clusters within the family
Coriobacteriaceae. Principal component analysis of COG profiles also confirmed the affiliation of
RUG844 and QAMHO01, and UMGS124 with Eggerthellaceae and Coriobacteriaceae, respectively. In
conclusion, greater care needs to be taken when incorporating novel species derived from culturomic
studies or MAGs into existing taxonomic frameworks.
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Abstract

Background: Recurrent cases of Clostridioides difficile infection (rCDI) remain one of the most common
and serious challenges faced in the management of CDI. The accurate distinction between a relapse
(caused by infection with the same strain) and reinfection (caused by a new strain) has implications for
infection control and prevention, and patient therapy.

Methods: Here we used whole-genome sequencing to investigate the fine-scale epidemiology of 94 C.
difficile isolates from 38 patients with rCDI in Western Australia.

Results: The C. difficile strain population comprised 13 sequence types (STs) led by ST2 (36.1%), ST8
(19.1%) and ST34 (11.7%). Among 38 patients clinically classified as having rCDI, core genome SNP
(cgSNP) typing revealed 27 (71%) with primary and recurring isolates differing by <2 cgSNPs, suggesting
a relapse of infection with the same initial strain, and 8 with isolates differing by 23 cgSNPs, suggesting
reinfection. Almost half of patients with WGS confirmed CDI relapse suffered a recurrent episode that
occurred outside the 8-week (56-day) boundary of the formal definition of rCDI. Other key findings
included (i) potential C. difficile transmission events between epidemiologically unrelated patients; (ii)
persistence of a single C. difficile clone in a patient for more than 2 years; (iii) clustering of C. difficile
isolates from rCDI cases and environmental sources; and (iii) within-host strain diversity characterised by
loss/gain of moxifloxacin resistance.

Conclusions: Genomics can better differentiate relapse from reinfection than conventional typing
approaches. Current definitions based on the timing of recurrence to distinguish between relapse and
reinfection require reconsideration.
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Abstract

Background: Pseudomonas aeruginosa (PSA) is the most prevalent respiratory pathogen and a
significant cause of morbidity in patients with cystic fibrosis (CF). Multi-resistant PSA is common in CF
and cross-infection between patients with CF has been well documented.

Aim: This study aims to establish the first program of genomic and phenotypic surveillance for PSA in
patients with CF in Western Australia (WA), providing clinically useful information to assist in timely
infection prevention and control implementation, and improve patient outcomes.

Methods: The first dataset of 142 PSA isolates were collected from the sputum of 71 patients (two each)
with CF in Sir Charles Gairdner Hospital (SCGH, Perth, WA) between January 2017 and May 2018. Strains
were characterised for (i) evolutionary relatedness by multilocus sequence typing and whole-genome
split kmer analysis, and (ii) AMR by in vitro susceptibility testing and in silico genotyping.

Results: The PSA strain population comprised 63 sequence types (STs) with ST775 (AUS-2, 17.6%) and
ST649 (AUS-1, 6.3%) most prevalent. Overall, 70% of patients harbored two strains of the same ST.
Whole-genome analysis of AUS-1 and AUS-2 subsets found no evidence of direct patient-to-patient
transmission. Overall, 75% of PSA isolates were multiple antimicrobial-resistant and >750 AMR loci (31
types, 8 classes) were distributed across the strain population.

Conclusions: Genomic typing permits fine-scale analysis of pathogen transmission dynamics and AMR,
providing insights into the effectiveness of existing infection prevention and control policies within
healthcare. Our results show no evidence of direct PSA cross-infection amongst patients attending the
SCGH CF centre.
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Abstract

Background: Clostridiodes (Clostridium) difficile is a major cause of gastrointestinal disease in humans
and animals, with considerable morbidity and mortality in horses. Increased antimicrobial resistance and
evidence of zoonotic links suggests a novel One Health paradigm for C. difficile infection (CDI).

Aim: To better understand the epidemiology of C. difficile in Western Australian horses and the
relationship between horse, human and environmental strains.

Methods: Faecal samples from 494 Western Australian domestic horses were cultured for C. difficile and
isolates characterised by PCR ribotyping. Whole-genome sequencing and split k-mer analysis was
performed on a subset of 45 ribotype (RT) 012 equine, human and environmental strains. A closed
reference genome for an RTO12 equine strain was generated by illumina and Oxford Nanopore
Technology sequencing hybrid assembly.

Results: C. difficile was isolated from 27.9% of samples (n=133). Both novel (42.8%) and previously
described (57.1%) toxigenic RTs were identified, including RTs 012 (n=14), 014/020 (n=10), 087 (n=7),
002 (n=5) and 023 (n=3), all prominent in human CDI. Whole-genome analysis identified a phylogenetic
cluster of 10 closely related RT 012 strains of equine, human and environmental origin (separated by 0
to 62 SNPs; average 23) indicating recent shared ancestry. Possible evidence of clonal inter-species
transmission or common source exposure was identified for a subgroup of three horse and one human
isolates.

Conclusions: This study provides insight into the relationships between horse, human and
environmental isolates of C. difficile and highlights the need for a One Health approach to C. difficile
surveillance and antimicrobial resistance investigations.
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Abstract

Pseudomonas aeruginosa Liverpool Epidemic Strain (LES) is a significant cause of mortality and
morbidity in cystic fibrosis patients. Their increased fitness and survival in infection models are related
to the presence of five active prophages, which are not well characterized due to the high percentage
(~76.5%) of their hypothetical genes. Additionally, the combined influence of the co-habiting LES
prophages on the success of their bacterial host is not well studied. Here, we created single-, double-
and triple-lysogen variants of the well-characterised P. aeruginosa strain PAO1 after infection of
combinations of the LES prophages ®2, ®3 and ®4. High-quality genomic sequences of the different P.
aeruginosa PAO1 lysogens and the LES prophages ®2, ®3 and ®4 were retrieved. All this information
will be relevant for RNAseq experiments to map the differential expression gene profiles of the LES
prophages and predict the metabolic and physiological changes induced by these phages under inducing
and non-inducing conditions. Moreover, these findings will be key for the role of temperate phages and
for improving our understanding of host-phage coevolution.
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Abstract

Background: Avian pathogenic E. coli (APEC) is an important extra-intestinal pathogen of birds, causing
major economic losses to the poultry sector, and posing a substantial threat to global food security.
APEC and human extra-intestinal pathogenic E. coli (EXPEC) are genetically similar. Therefore,
understanding the determinants and evolutionary constraints that facilitate the emergence of
pathogenicity in APEC is of paramount importance for both pathotypes. Our laboratory has previously
demonstrated that APEC is comprised of multiple, independent genetic lineages. The aim of this study
was to investigate the distribution of mobile DNA, such as plasmids and integrons in APEC and assess
their impact on shaping APEC population structure.

Methods: 387 APEC isolates, recovered from chickens at post mortem examination, were sequenced
and screened for the presence of AMR and APEC-specific virulence-associated genes using Abricate.
Rfplasmid was employed to classify contigs as either plasmidic or chromosomal.

Results: The avian-associated phylogroup G was determined to encode a high burden of plasmid-
encoded integrons relative to other phylogroups. These integrons confer resistance to 3 different classes
of antimicrobials: sulfonamides, aminoglycosides and trimethoprim. Phylogroup B2 was predicted to be
comprised of two broad MDR lineages: one of which encoded AMR genes on plasmids and the other on
the chromosome.

Conclusion: The findings indicate significant genomic structural variations between APEC phylogroups,
from a perspective of how virulence and AMR genes are encoded, which may influence transmissibility.
Future studies will aim to investigate the diversity and transmissibility of plasmids between phylogroups
and their influence on APEC fitness.
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Abstract

Understanding microbial evolutionary dynamics is key to anticipating and countering the emergence of
antimicrobial resistance (AMR). However, the disconnect between in vivo observations of the fitness
cost bacteria pay to maintain resistance in the absence of antibiotics and the cost observed during in
vitro evolutionary experiments remains a longstanding challenge in AMR research. One potential
explanatory factor for this discrepancy is the wide variation in fitness within "real-world" bacterial
populations which could produce a corresponding variation in the cost of antibiotic resistance and the
total lack of variation in fitness within clonal lab populations of bacteria. We aim to investigate the
effect of fitness variation within bacterial populations on the cost of antibiotic resistance; to do this, we
will create an "artificial fitness gradient" using classical experimental evolution techniques. By isolating
populations of E. coli at regular time-points over a period of adaptation to unfavourable growth
conditions, multiple sub-populations with variations in fitness will be generated. Each of these sub-
populations will be made antibiotic-resistant, and the fitness cost of antibiotic resistance for the
different sub-populations will then be measured. We anticipate that fitter sub-populations will pay a
higher cost to evolve and maintain antibiotic resistance, and less-fit sub-populations will pay a
comparatively lower cost. Any such variation across the artificial fitness gradient will confirm the
hypothesis that variations in fitness within bacterial populations affect the cost of antibiotic resistance
and will help to unravel why in vitro experimental evolution work fails to capture the true fitness cost of
antibiotic resistance.
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Abstract

Background: Acinetobacter baumannii is an opportunistic pathogen prioritized for further research.
There are well-described examples of how insertion sequences (ISs) play a role in the transfer of
antibiotic resistance and in the overexpression of genes encoding resistance in A. baumannii. However,
the ISs are still not well studied generally and quantitatively in A. baumannii.

Materials/methods: We performed analysis using the ISfinder database on the set of 413 A.
baumannii complete genomes (47 from our collection and 366 from NCBI). Additionally, we did the
same analysis for Escherichia coli and remaining ESKAPE pathogens (254-1933 complete
genomes/species).

Results: We detected 103 different ISs in A. baumannii from which 67 were found in A. baumannii only.
On average, we found 7.65 different ISs per genome and 33.18 ISs per genome counting all copies which
placed A. baumannii as fourth from seven included bacterial species regarding ISs quantity after
Enterococcus faecium, E. coli and Klebsiella pneumoniae. A total of 16 I1Ss were found to be present in
more than 10% of A. baumannii genomes while only nine of them belonged to the ISAba-type while five
of them were detected in all five Gram-negative species.

Conclusions: Surprisingly and contradicting previous studies, the prevalence of ISs in A. baumannii is not
high compared to E. coli and K. pneumoniae. On the other hand, the collection of different ISs found in
A. baumannii is broader than expected and deserves a deeper investigation.
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Abstract

Vibrio spp. are responsible for several major fish diseases, leading to heavy loss in aquaculture farms.
They represent a promising target for phage therapy. In-depth study of phages genomes is a key step to
assess their safety before therapeutic use. However, phage genomes have different structures than their
bacterial hosts, such as a higher coding density (CD) and smaller, overlapping genes.

179 published Vibriophage genomes were analyzed using a high throughput pipeline designed to screen
for therapy compatible phages in large collections. To ensure repeatable results, multiple heuristics and
databases were used for structural and functional annotations.

The published annotations yielded 24% of functionally annotated genes on average, and an 89%
average coding density. After the new analysis, +6% new genes were detected on average, and 49% of
the genes had functional annotation. The newly detected genes were small (215 bp on average; average
overall gene size was 590 bp), and +9% overlapping genes were detected. Published mean intergenic
region size (IRS) was 93 bp on average and decreased to 75 bp after the new study. Eventually, the
average CD was +2.14% higher (92%) after our analysis.

Those results prove that the average quality of phage genome annotations can be strongly improved
using our high throughput pipeline. However, 49% of functionally annotated genes is not enough to
prove the absence of harmful genes (such as antibiotic resistance or virulence) in a genome. This
pipeline is best suited to screen a large collection, before a deeper annotation.
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Abstract

Pseudomonas aeruginosa is an opportunistic pathogen that commonly infects people with Cystic
Fibrosis. The type VI secretion system (T6SS) is a molecular nanomachine that translocates effectors into
target cells or the extracellular environment enabling intermicrobial interaction. P. aeruginosa encodes
three T6SS clusters (H1-, H2- and H3-T6SS) and several orphan islands. Genetic diversity of T6SS-
secreted effectors has been noted in reference P. aeruginosa strains but has yet to be explored in
clinical isolates. Thus, we performed an in-depth bioinformatic comparative genomic analysis of T6SS
effector genes in 52 high-quality clinical P. aeruginosa genomes from Cystic Fibrosis patients and housed
in the Personalised Approach to P. aeruginosa strain repository. Several characterised vgrG and PAAR
islands were missing from numerous isolates and disruption of T6SS genomic loci through mobile
genetic element insertions was observed. We identified the orphan vgrG7 island in strain PAK and five
clinical isolates that contains a gene encoding a putative Tle2 lipase effector. We also identified genes
encoding eight new putative T6SS effectors with the following putative functions: cytidine deaminase,
lipase, metallopeptidase, NADase, and pyocin. Finally, we suggest the existence of core and accessory
effectors through prevalence analysis of identified T6SS effectors in 532 P. geruginosa genomes. Our
comprehensive in silico study of the P. aeruginosa T6SS exposes a level of genetic diversity at T6SS loci
not seen to date within P. aeruginosa, particularly in isolates from people with Cystic Fibrosis and
provides a path for future experimental characterisation.
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Abstract

Promoters are DNA sequences that stimulate the initiation of RNA synthesis. Bacterial promoters
typically contain an AT-rich -10 promoter element, alongside additional sequences such as the -35
element. The arrangement of these elements dictates in which orientation RNA polymerase will bind to
DNA. Thus, it has long been assumed that promoters in bacteria are directional.

We initially identified several promoters in E. coli where the direction of transcription was unclear. Many
of these promoters were able to drive transcription in both directions; we define these as bidirectional
promoters. A genome-wide analysis revealed that promoters in E. coli are frequently bidirectional.
Mechanistically, this occurs because the -10 element has inherent symmetry and often overlaps on
opposite DNA strands. Reciprocal stimulation between divergent transcription start sites also
contributes. Evidence of bidirectional promoters is observed in multiple diverse prokaryotic species,
including examples from archaea. This suggests that bidirectionality is a common feature of prokaryotic
promoters, which has important implications for understanding gene regulation.
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Abstract

Plasmid F, archetype of the largest plasmid group in clinical Enterobacteriaceae, is one of the best
studied examples of a multi-replicon plasmid. Displacing such plasmids may reduce antibiotic resistance
in commensal bacteria of humans and animals. For F-like plasmids our plasmid-displacement strategy,
blocking replication and neutralising addiction, is generally successful but with conjugative IncP-1
plasmid RK2 as vector for our “anti-F cassette”, displacement of F'prolac was inefficient unless vector
copy-number was raised 1.5- to 2-fold. By raising the copy number of different parts of the cassette we
showed that it is the anti-FIB segment that needs potentiation. Then, by deleting the FIB rep, we
showed that rep in the anti-F cassette is responsible for activating the FIB replicon that is partially
defective in F due to the combination of a sub-optimal rep ribosome-binding-site and the weak CTG
start codon. With single replicon plasmids, all three F replicon types (FIA from F; FIB and Fll from
p0157) were displaced efficiently by the complete anti-F cassette without potentiation. However,
displacement of an F-FIB single replicon plasmid with its RBS mutated to be like the pO157 RBS still
needs potentiation, suggesting that sequence divergence between F and pO157 has weakened
incompatibility. Critically, deletion of the FIB rep gene from the anti-F cassette still improved
displacement efficiency against F-FIB. These results show that small divergences can significantly
influence the interactions between related low copy number plasmids, especially when Rep has both
positive and negative influence on replication.
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Abstract
Background

Sensitive methods to detect viral shedding ‘in-life’ are key to assessing the efficacy of novel antivirals
and immunomodulators over time, whilst minimizing animal usage. To track influenza A/PR8/34 (HIN1)
infection in mice, a gPCR method was established to detect viral load from oral and anal swabs.

Methods

Real time RT-PCR for influenza A virus detection was optimised using primers and probes designed
against the M1 segment. A standard curve was generated from 10-fold serially diluted gBlock gene
fragments. The lower range of sensitivity was 10 viral copies/mL (95% confidence interval). Following
intra-nasal infection of BALB/c mice with 25xTCID50, oral and anal swabs were taken daily from day O to
6 to monitor viral shedding. Data was compared to standard lung viral titre assessment at termination
using the Reed and Muench method by a TCID50 assay.

Results

Bodyweights, clinical scores, and survival data are presented together with a comparison of in life viral
titres by qPCR in comparison to lung TCID50 viral titres.

Conclusion

By using gPCR in place of traditional lung viral titre assessment, group sizes can be decreased to refine
animal usage. The non-invasive sampling technique also improves animal welfare. Here we demonstrate
that by using gPCR, we show enhanced sensitivity and a more detailed kinetic analysis over time when
compared to standard endpoint TCID50 assessment.
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Abstract

Listeria monocytogenes is a foodborne pathogen causing systemic listeriosis in the elderly,
immunocompromised, and pregnant women and babies. At the UK Health Security Agency (UKHSA)
genome sequencing is used for typing L. monocytogenes isolates from clinical cases, food, and food-
production environments. The UKHSA surveillance database integrates genomes with associated
metadata.

There are four lineages within L. monocytogenes, with lineages | and Il being the most abundant in
humans. The majority of isolates within lineage | belong to CC1 or CC2, whereas lineage Il is commonly
represented by CC9 and CC8. Data analysis, phylogenies and gene mapping were utilised for an in-
depth comparison of the population structure and genetic composition of CC9 (n=360), CC2 (n=339),
CC1 (n=261) and CC8 (n=223).

Human isolates are over-represented in CC1 (CC1=68%, CC8=31%, CC2=21%, CC9=15%), whereas CC8
and CC9 have the highest proportion of food isolates (CC9=66%, CC8=62%, CC2=42%, CC1=22%). Age-sex
distribution revealed higher infection in females (CC1=59%, CC2=56%, CC9=51%, CC8=50%) and in the
70-90 years old age group in all CCs. Lineage | comprises a higher proportion of isolates that have LIPI-I
and LIPI-3 pathogenicity islands (LIPI-1 CC1=90%, CC8=98%; LIPI-3, CC1=40%, CC8=90%), compared to
lineage 1l CC9 (LIPI-1 0%, LIPI-3 20%). CC8 exhibited the highest proportion of virulence genes. Further
investigation is ongoing to characterise and provide context on these virulence profiles.

Integrating genomic and epidemiological data enables us to understand how the repertoire of virulence
genes within each clonal complex contributes to the clinical outcomes associated with vulnerable
patients in different risk groups.
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Abstract

CRISPR-Cas defence systems are akin to an adaptive immune system, allowing the acquisition of
resistance against invading foreign DNA, including phages. While CRISPR-Cas systems facilitate heritable
acquired immunity, they also interact with the inflow of beneficial horizontally acquired genes and incur
metabolic growth costs. Thus, although widespread, CRISPR-Cas systems are not ubiquitous across
bacteria, and the ecological and evolutionary drivers that govern their prevalence and maintenance are
currently unknown. Phylogenetic evidence shows that bacterial anti-viral defence systems are
frequently exchanged via horizontal gene transfer (HGT). A high rate of HGT provides a potential
mechanism to maintain CRISPR-Cas systems at low levels within populations, dispersing the fitness costs
of maintaining CRISPR-Cas systems between hosts. However, the adaptive forces that select for the
maintenance of, and adaptation to, horizontally acquired CRISPR-Cas systems remains understudied. We
have modelled an HGT event by creating a synthetic, modular, minimal version of the CRISPR-Cas system
from the opportunistic pathogen Pseudomonas aeruginosa and integrating it into the genome of the
common soil bacterium Pseudomonas fluorescens, which lacks CRISPR-Cas. We use an experimental
evolution approach to explore how the acquisition of a CRISPR-Cas system affects the co-evolutionary
dynamics between P. fluorescens (SBW25) and its phage @2 — a well-studied model for rapid, reciprocal,
antagonist arms race dynamics. This work offers a model system to test the long term, dynamic
evolutionary consequences of CRISPR-Cas HGT events into naive hosts, potentially allowing us to predict
what abiotic and biotic selection factors are required for successful acquisition of new anti-viral systems.
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Abstract

Success across a broad niche range relies on cellular processes interacting with the external
environment, such as motility, virulence, biofilm formation, and nitrogen assimilation. Pseudomonas, a
genus of gram-negative bacteria, has found such success, occupying a range of niches from human
pathogen to growth-promoting diazotroph. Gene regulatory networks (GRNs) control gene expression
allowing it to be fine-tuned in response to environmental conditions. This control facilitates the
adaptation of a genus such as Pseudomonas to a wide range of habitats. In particular, sigma factor 54
and its associated network of RpoN-dependent enhancer-binding proteins (RpoN-EBPs) are critical to
the transcription of genes involved in these external functions. In the Taylor lab, we have a tractable
experimental system in P. fluorescens, where we explore the drivers of GRN rewiring and adaptation
between RpoN-EBPs. In gene deletion experiments, functional redundancy is observed between RpoN-
EBP family members. However, one of the obstacles in extrapolating experimental outcomes of loss-of-
function mutations from one species to another is variation in RpoN-EBPs across Pseudomonas species.
Here, we comprehensively characterise the evolutionary relationship, domain organisation, and
structural similarity of RpoN-EBP members in Pseudomonas. Our results highlight the shared traits of
this protein family and evaluate the extent of variation present. This work provides a foundation for
future work on regulation, function, redundancy potential, and variation in GRN architecture between
RpoN-EBPs in Pseudomonas species.
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Abstract

Klebsiella variicola has been found in a large array of environments. It is an emerging, opportunistic
pathogen in humans and animals. Studies show K. variicola can cause bloodstream infections with a
higher mortality then infections with Klebsiella pneumoniae. Antimicrobial resistance (AMR) in K.
variicola is also a growing problem. However, little is known about its molecular epidemiology in
Tanzania. This study aims to address this gap using whole genome sequence analysis.

Bacterial isolates were obtained from the environment within the Maasai community in Tanzania.
Whole genome sequencing revealed 18 isolates to be K. variicola, obtained from dogs and milk tank
swabs (MTS). Bioinformatic analysis was used to identify population structure, AMR genes, virulence
genes and predicted plasmids.

A K. variicola specific MLST scheme identified 8 of the isolates as having a novel MLST. The phylogenetic
relationship of the isolates was determined using a core genome alignment. The isolates formed three
clades. Within the two dog associated clades were isolates obtained from MTS, suggesting overlap
between the environments. All of the isolates had multiple virulence and AMR genes. Most isolates had
multiple plasmid replicons, with putative plasmids being identified. When compared to global samples,
the isolates from this study were closely related to isolates found in clinical environments.

The findings from this study indicate that the K. variicola isolates obtained from the environment of this
household have the capacity to cause infections. Highlighting the importance of continued monitoring of
K. variicola within the environment, as well as clinical settings.
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Abstract

Helicobacter pylori is a gut bacterium that has coevolved with humans for over 50,000 years and
presently infects approximately half of the global population. Infection is associated with an increased
risk of gastric diseases, including cancer. The population of Cabo Verde is unique because the people
have combined African and European ancestry. Previous population genetic analysis identified four
admixed subpopulations of H. pylori. These were mainly of African ancestry and European ancestry,
along with the emergence of two clonal groups with predominantly European ancestry. This study aims
to provide insights into each subpopulation’s evolutionary dynamics, such as investigating their
demographic history and selection modes. Genomes of 538 H. pylori isolates, from 178 asymptomatic
Cabo Verdean hosts, were aligned to the European reference genome 26695 to identify SNP variants.
Analysis with Tajima's D indicates different long-term evolutionary dynamics for African and European
lineages versus the clonal lineages. The latter show signs of recent population expansion and
positive/negative selection. Fixation indexes show that the two clonal groups are more divergent than
any other pair of population groups, and sliding-window analyses reveal genetic regions of high and low
divergence. With this, we have established that populations of H. pylori with different ancestries in Cabo
Verde do indeed have different evolutionary histories. We conclude that this bacterial population
structure should be a key consideration when running genotype-phenotype association analyses in
gastric disease in this population.
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Abstract

Enterococcus faecium is an important nosocomial pathogen which can cause a variety of infections.
Treatment options for these infections can be greatly limited due to the ability of E. faecium to acquire
resistance to the last line therapeutic, vancomycin, through horizontal gene transfer of a resistance
transposon. To identify other mechanisms by which E. faecium can tolerate vancomycin, an in vitro
evolution experiment was conducted. The vancomycin-susceptible E. faecium strain E1162 was grown in
the presence of a range of vancomycin concentrations above and below the minimum inhibitory
concentration (MIC) and incubated at 37 °C for 24 h. Growth was assessed and the culture that grew at
the highest concentration of vancomycin was inoculated into fresh media with increasing concentrations
of vancomycin. This was repeated each day for 11 d and an increase in tolerance was observed as E.
faecium was able to grow in 1 ug/ml vancomycin in comparison to 0.5 pg/ml at the start of the
experiment. Morphological changes were observed in the evolved strain in comparison to the parent
strain and genome sequencing of evolved strains revealed a single nucleotide polymorphism in WalK (a
kinase in a two-component system [WalKR] involved in the regulation of peptidoglycan biosynthesis)
and Yycl (a protein predicted to be involved in regulating WalK activity). As mutations in WalKR have
been associated with increased tolerance to antibiotics such as daptomycin and vancomycin in
Staphylococcus aureus, we postulate that exposure to sub-MIC vancomycin may cause increased
tolerance to last-resort antibiotics in E. faecium.
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Abstract

Enteroaggregative Escherichia coli (EAEC) is a pathovar that likely evolved from commensal E. coli by
acquisition of virulence genes. To understand how EAEC initiates infection, it is important to consider its
behaviour in nutritionally challenging conditions. One of the best studied transcription regulators
involved in nutritional stress responses in E. coli is the cyclic AMP receptor protein (CRP), a global
transcription factor that regulates over 200 transcription units. One important EAEC virulence
determinant is a mucinase, encoded by the pic gene, encoded on the EAEC chromosome, and
previously, we showed that the expression of this gene depends on CRP. To identify other CRP-regulated
virulence genes, we have used chromatin immunoprecipitation, together with high-throughput
sequencing (ChlIP-seq), to locate the full complement of DNA sites for CRP in EAEC strain 042. Our results
identify more than 300 CRP targets in the EAEC 042 strain genome, with over 30 targets unique to EAEC.
At some of these targets, CRP plays a regulatory role, whereas, at others, CRP appears to play a role in
chromosome organisation. Our data argue that many bacterial pathogens use CRP to cope with
challenging conditions and to assure the appropriate production of virulence factors in the early stages
of infection.
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Abstract

Antimicrobial resistance is a threat to human and animal health. Inadequate veterinary services and the
ubiquity of antibiotics in Tanzania may cause indiscriminate use of antibiotics among Tanzanian poultry
and pig farmers, imposing selective pressure on gastrointestinal commensals and pathogens like E. coli.
As a bio-indicator of antimicrobial resistance, Escherichia coli plays an important ecological role within
resistant bacteria populations. Using this characteristic of E. coli, the present study investigates the
prevalence of antimicrobial resistance and cross-species transmission of the bacteria in Tanzanian pigs
and poultry. A total of 117 strains of E. coli were cultivated on Luria-Bertani media before being
sequenced by illuminate sequencing. Of the 117 sequenced, 39 strains originated from broilers, 36 from
layers, and 42 from pigs. About 46 resistance profiles were identified based on preliminary results.
Tetracycline (9.89%), beta-lactamase (blaTEM-1) (6.67%), aminoglycoside (aph(6)-1d) (6.55%), and
streptomycin resistance (aadA1) (6.55%) were among the most frequently detected resistance genes in
E. coli isolates, whereas the remaining resistance genes had frequencies of less than 5%. Among the ST
types, ST1196 had a dominant prevalence of 12.82%, followed by ST155 at 7.69%, ST101 at 5.98%, ST48
at 4.27%, and ST 711 at 3.42%. The remaining ST types all had frequency rates under 3%. The majority of
isolates (40.87%) are members of phylogenetic group B1, followed by groups A (39.13%., D (5.22%), F
(5.22%), G (3.48%), E (2.61%), and C (0.87%). The study confirms the presence of resistant E. coli strains
amongst pigs and poultry in Tanzania.
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Abstract

Antimicrobial resistance is a threat to human and animal health. Inadequate veterinary services and the
ubiquity of antibiotics in Tanzania may cause indiscriminate use of antibiotics among Tanzanian poultry
and pig farmers, imposing selective pressure on gastrointestinal commensals and pathogens like E. coli.
As a bio-indicator of antimicrobial resistance, Escherichia coli plays an important ecological role within
resistant bacteria populations. Using this characteristic of E. coli, the present study investigates the
prevalence of antimicrobial resistance and cross-species transmission of the bacteria in Tanzanian pigs
and poultry. A total of 117 strains of E. coli were cultivated on Luria-Bertani media before being
sequenced by illuminate sequencing. Of the 117 sequenced, 39 strains originated from broilers, 36 from
layers, and 42 from pigs. About 46 resistance profiles were identified based on preliminary results.
Tetracycline (9.89%), beta-lactamase (blaTEM-1) (6.67%), aminoglycoside (aph(6)-1d) (6.55%), and
streptomycin resistance (aadA1) (6.55%) were among the most frequently detected resistance genes in
E. coli isolates, whereas the remaining resistance genes had frequencies of less than 5%. Among the ST
types, ST1196 had a dominant prevalence of 12.82%, followed by ST155 at 7.69%, ST101 at 5.98%, ST48
at 4.27%, and ST 711 at 3.42%. The remaining ST types all had frequency rates under 3%. The majority of
isolates (40.87%) are members of phylogenetic group B1, followed by groups A (39.13%., D (5.22%), F
(5.22%), G (3.48%), E (2.61%), and C (0.87%). The study confirms the presence of resistant E. coli strains
amongst pigs and poultry in Tanzania.
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Abstract

Previous work in the Taylor lab, using motility rescue as a model, has shown rapid and repeatable
rewiring between the nitrogen and flagellar networks in Pseudomonas fluorescens. In the absence of the
flagellar master regulator (FleQ), NtrC (response regulator associated with nitrogen uptake) is co-opted
to resurrect motility. My research aims to explore the role of global regulatory network architecture,
and the wider genome, in determining gene regulatory rewiring pathways. Initial work explores whether
flagellar motility rescue can be repeatably achieved in other gram-negative bacteria, and the rewiring
routes capable of this. We aim to delete the flagellar master regulator across several different bacteria:
Pseudomonas aeruginosa, Caulobacter crescentus, Vibrio cholerae and Escherichia coli, which represent
a diverse arrangement of flagellar regulatory networks. Replicate independent lines will be placed under
strong selection for motility, and motile isolates sampled, and genome sequenced, to identify rewiring
routes. Initial results from P. aeruginosa show flagellar motility rapidly evolved, similar to P. fluorescens.
Isolates evolved slow motility after as early as 42 hours, with fast mutants emerging after as early as 66
hours. Evolved motile mutants will be genome sequenced to identify the rewiring routes used to regain
motility. This work will contribute to a larger aim, which is to identify how differences in gene regulatory
architecture determines the predictability of evolved rewiring pathways across different bacteria using
motility rescue as a model system.
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Abstract

Critically ill patients are physiologically unstable and recent research suggests that the gut microbiome
may play a critical role in the health of patients during their intensive care (ICU) stays. This is evidenced
by a marked drop in microbial diversity, with pathogenic species, such as Enterococcus faecium and
Escherichia coli dominating the gut (>80 % of metagenome). This is strongly associated with intravenous
administration of meropenem. Bacteriophages are natural parasites of bacteria and thus can shape the
composition, regulate the metabolism, evolution, and adaptability of the bacteriome in the gut. We
therefore hypothesised that the bacteriophages that infect the dominating pathogen will also bloom in
abundance, and that they may contribute to their hosts resistance to antibiotics via transduction. We
extracted virus-like particles from stools samples of critically ill patients across their stay in the ICU and
sequenced them using the Nanopore platform. These long reads were then assembled and filtered to
retain viral operational taxonomic units (vOTUs). We also extracted whole community metagenomic
DNA and shotgun sequenced them using lllumina technology to get contextual information on the
bacteriome. The bacterial host and batceriophage data was then integrated with patient metadata to
expose patterns of transmission and horizontal gene transfer. This study has shown the importance of
the viral fraction of the gut microbiome in critically ill patients, as both a helper and a hinderance to
their hosts.
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Abstract

Since 1961 there has been a global cholera pandemic caused by Vibrio cholerae, involving many high-
profile outbreaks and epidemics with substantial disease burden and mortality, including those in Haiti
and Yemen. With the Haiti epidemic, it became clear that genome sequencing is useful for studying the
V. cholerae responsible for an outbreak. It was then proposed it would be useful to have a “high quality
genome database” for V. cholerae, with “both sequences and rich metadata”, and that it was also
important to “develop robust [...] bioinformatics capability to rapidly generate and receive genomics-
based data that can be turned into actionable public health knowledge” [Hendriksen et al 2011
PMID:21862630]. To achieve this, we have developed Vibriowatch, containing >5,000 published V.
cholerae genomes, and manually-curated metadata from the literature, including strain names; place,
date and source of isolation; and phenotypic data for biotype, serogroup, serotype and antimicrobial
resistance. Vibriowatch’s home is the Pathogen.watch website, where users can upload reads or
assembled genomes for genotyping and comparative analysis of MLST, cgMLST, virulence, and
antimicrobial resistance genes. Public and user genomes can be clustered via cgMLST allele similarity,
and core SNP-based neighbour-joining trees built for collections of selected genomes. Using the
PopPUNK software, Vibriowatch will assign isolates to lineages (e.g. the “epidemic causing” 7PET
lineage). Such precise lineage definitions are important for monitoring, reporting and connecting cholera
outbreaks globally. Vibriowatch is aimed for use by clinicians and public health workers studying cholera
outbreaks, and for biologists investigating V. cholerae evolution.
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Abstract

Campylobacter jejuni is a multi-host bacterial pathogen responsible for human diarrheal diseases and is
frequently isolated from wild birds. While urbanization intensifies worldwide, more wild birds become
adapted to urban environments, potentially increasing the risk of zoonotic pathogen transmission. The
impact this is having on the microbiome of wild bird populations has not been characterised.

We combine microbial genomics techniques with an understanding of ecological and life-history traits to
interrogate a large collection of Campylobacter genomes sampled from wild bird species. Our collection
of more than 700 C. jejuni genomes, from 30 different wild bird species, were screened for the presence
of antimicrobial resistance (AMR) genetic determinants to better understand the spread of antimicrobial
resistance and potential for emergence of novel zoonotic pathogens. Spatial overlap analysis was used
to measure bird proximity to urban habitats and phylogenetic generalized least squares models were
used to detect associations between lineages, AMR, bird life-history traits and ecological variables.

C. jejuni populations were associated with either one (specialist) or multiple (generalist) wild bird
species. Corvidae and Turdidae bird families demonstrated the greatest niche overlap with human
habitation and harboured multiple C. jejuni lineages, that were often AMR. A positive correlation
between proximity to urbanization and both lineage diversity and carriage of AMR determinants was
noted for all bird species.

Understanding the epidemiological dynamics of zoonotic transmission and network of human-animal
interactions will better inform us on the spread of antimicrobial resistance and help guide effective
surveillance and control measures.
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Abstract

Pseudomonas aeruginosa (Pa) is an opportunistic respiratory pathogen of Bronchiectasis (BR) and Cystic
Fibrosis (CF). Epithelial dysregulation associated with inflammation and scarring (CF, BR) and altered ion
transfer through mutation of the CF conductance regulator gene (cftr) leads to a thick mucus
environment linked to lowered lung function and poor clinical outcomes. Temperate bacteriophages
integrate into the genomes of Pa and can carry genes that aid adaptation and selection in the lung. We
aim to characterise and compare the genomes of these temperate phages that can mobilise from the
bacteria to disseminate these genetic traits and function through their host range.

Twenty lysogens of PAO1 were created using phages induced from early and late CF and BR Pa isolates.
Lysogeny was confirmed by sequencing and aligning to the naive PAO1 host.

We show that temperate phages alter PAO1 susceptibility to subinhibitory concentrations of
ceftazidime, colistin, meropenem and piperacillin. The lysogens were shown to alter Galleria mellonella
survival in an infection model reducing virulence. Finally, lysogens of PAO1 have an influence on the
metabolomic profiles. Comparing over 3K metabolites, 100 metabolites and 28 pathways were shown to
be significantly different (p value <0.05). Some of the pathways were linked to pantothenate and CoA
biosynthesis, valine, leucine and isoleucine biosynthesis, one carbon pool by folate and B-alanine
metabolism.

This study illustrates, using PAO1 as a host we can infer the effects of adaptation, phage subversion and
begin to look for the gene responsible for change in bacterial fitness, virulence, and AMR susceptibility.
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Abstract

High-throughput chemical genomic screens produce vastly informative datasets, providing valuable
insights into unknown gene function on a genome-wide level. Despite this, the extensive experimental
data produced makes quality control and analysis difficult and time-consuming. Currently, there is no
chemical genomics dedicated analytic package publicly available. Therefore, we produced ChemGAPP, a
comprehensive analytic package to bridge this gap. ChemGAPP allows integration of various steps in a
streamlined and user-friendly format. This includes rigorous quality control measures, handling noise,
and accurately estimating fitness values under a variety of treatments. ChemGAPP provides three sub-
packages for various types of chemical-genomic screens, varying in purpose, scope, and size: ChemGAPP
Big, ChemGAPP Small and ChemGAPP Gl. ChemGAPP Big, is specifically employed to handle large-scale
high-throughput screens. Tested against the KEIO single mutant library in Escherichia coli, ChemGAPP
Big revealed robust and reliable fitness scores, which displayed biologically relevant phenotypes.
ChemGAPP Small, designed for the analysis of small-scale screens, demonstrated significant changes in
E. coli phenotypes when tested on a small scale. ChemGAPP Gl, analyses genetic interaction screen data
and was benchmarked against three sets of genes with and without known positive and negative
epistasis and successfully reproduced each interaction type. Together, the ChemGAPP sub-packages will
enable the wider scientific community to use chemical genomics approaches to reveal significant,
biologically relevant insights into gene function, drug mechanisms of action and antibiotic resistance
mechanisms.
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Abstract

Burkholderia multivorans is the most frequently isolated Burkholderia cepacia complex species
recovered from cystic fibrosis lung infection. However, its pathogenesis and species population biology
remain elusive. Understanding adaptational factors of B. multivorans to the CF lung microenvironment is
important for predicting disease outcome.

B. multivorans population biology was explored using pan genome analysis, average nucleotide identity
and phylogenomic analysis (n = 283). The population split into two genomic lineages, with four B.
multivorans model strains selected to represent them: soil strain ATCC 17616, BCC1272, BCC0033, and
BCCO0084. The latter 3 CF strains were completely genome sequenced. Unique B. multivorans lineage-
specific genes were identified through gene presence-absence for diagnostic PCR design. Genes ghrB_1
and ginM_2 selected as the lineage 1 and lineage 2 targets, respectively. PCR showed 100% lineage-
specificity against 48 B. multivorans strains.

Phenotypic analysis was performed on a B. multivorans subset (n = 49) evaluating morphology, growth,
motility, biofilm formation, and exopolysaccharide production. The B. multivorans phenotype was
variable, with no link to genomic lineage. Phenotypic comparison was also performed when B.
multivorans were mixed with a secondary CF pathogen. Suppression of P. aeruginosa LESB58 protease
production was identified as an interesting interaction via an unknown mechanism. Three B. multivorans
strains (BCC0O033, BCCO084, and ATCC 17616) were also evaluated in a murine respiratory infection
model and all showed good persistence over 5-days.

This work has built a foundation of knowledge on the B. multivorans phenotype and genotype, enabling
associations between lineage, therapeutics testing, and clinical outcome to be studied.
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Abstract

One way of tackling the increased demand for animal protein, while mitigating environmental impacts
of production, is to improve the efficiency of the animal production system by focusing on ruminant
digestion. Microbes in the rumen assist the host in breaking down ingesta to easily digestible products,
but also produce methane that contributes to climate change. To better characterise the composition
and functioning of this microbial ecosystem, this PhD project aims to use culture and metagenomic
analysis to compile an efficient community of microbes that provide the host with the maximum amount
of dietary-derived energy. Rumen fluid was cultured in three different, commonly used media at various
dilutions before undergoing 16S rRNA sequencing, along with samples of the original rumen fluid. Initial
results suggest that the three different media support distinct communities that cluster by principal
component analysis, and the effect of media on community composition is greater than that of the
donor cow. Technical replicates of cultures from the same cow and medium show similar community
compositions indicating reproducibility of consistent communities. Next steps include applying statistical
methods to further explore these initial observations, and to allow informed conclusions to be made.
Following this, the genomic data obtained from the microbes that were unable to be cultured will be
used to develop novel or adapted media specific for these microorganisms. This will aid in determining
which rumen microbial communities digest feed more efficiently while producing less methane, and
help improve the output of ruminant production systems.
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Abstract

Crimean-Congo Haemorrhagic Fever Virus (CCHFV) is an orthonairovirus associated with outbreaks
across Europe, Middle East, Asia and Africa. Whilst most CCHF cases are subclinical, 12% are severe and
sometimes fatal. Next-generation sequencing is poised to play a crucial role in characterising CCHFV
genetic diversity in endemic regions. Low titre clinical samples present a challenge for the recovery of
complete genome sequences. The aim of this study was to develop methodologies for direct sequencing
of CCHFV genomes from clinical samples.

Sets of primers targeting 500bp fragments of CCHFV genomes were designed against Europe 1
sequences and used to enrich the CCHFV genome by PCR, following random hexamer cDNA synthesis.
Sequencing libraries for nanopore and Illumina platforms were prepared according to the
manufacturers’ instructions. Sequencing metrics were determined utilizing SAMTOOLS.

Near complete genome sequences (>99% coverage) were recovered from tested samples up to Ct 31
utilizing the targeted enrichment protocol. In contrast, genome coverage following non-targeted
enrichment dropped significantly for samples with low viral titres, after Ct 27. The utility of the amplicon
enrichment protocol was demonstrated on lllumina sequencing platform, generating greater read depth
(78.9% at 100x read depth) and the point-of-care MinlON platform (74.9% at 100x read depth).

We conclude that our enrichment method outperforms metagenomic enrichment protocols for whole
genome sequences recovery for samples with low virus titre, offering a tool to further study genetic
determinants of virulence and disease severity of CCHFV. The method can be adapted to other clades of
interest in the future.
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Abstract

Infectious bronchitis virus (IBV) and infectious bursal disease virus (IBDV) are endemic in the UK and
pose a threat to the poultry industry and food security. Despite their extensive usage, vaccination-based
control approaches face a number of challenges, including rapid mutation and immune escape of the
target virus. Since IBV and IBDV share similar activities in their replication cycles (e.g. contain RNA
genomes, enter through endocytosis, and replicate in the cytoplasm), the aim of this project is to
identify common host factors that are involved in chicken-virus interactions through a genome-scale
CRISPR/Cas9 knockout (GeCKO) screen. The chicken fibroblast cell-line DF-1, which supports IBV and
IBDV replication, was modified to stably express Cas9, and Cas9 activity was measured by flow
cytometry and western blot. The editing ability of Cas9 expressing DF-1 clones was validated by creating
gRNA-specific knock-out cells. A chicken lentivirus GeCKO library was generated and titrated. The
screening strategy for cell-selection and sequencing, including FACS-based and cell survival-based
screening, were optimized. We are now ready to conduct the GeCKO CRISPR screens for both IBDV and
IBV infection. The findings will improve our understanding on IBV and IBDV replication, and the
candidate genes may be exploited to generate virus-resistant chickens in the future.
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Abstract

Background: Plasmids are well known vehicles of HGT, spreading antimicrobial resistance genes to
neighbori It is theng bacteria, independently of their species. Finding a plasmid-borne resistance in
different hosts in a patient is a sign of within-patient plasmid conjugation. p-OXA48 plasmid is a very
conserved plasmid carrying a cabapenem resistance gene. It is the perfect candidate to test this
hypothesis using methods from comparative genomics.

Methods: Whole-genome sequencing was performed on OXA48 carbapenemase-producing
Enterobacterales (CPE) isolates referred to the UKHSA’s AMR & HCAI Reference Unit between 2014 and
2016. More than one isolate per patient was included if they belonged to a different bacterial species
than the first isolate, or had a different resistance. Bacterial host strains were confirmed in-silico and
time between samples were derived from epidemiological data. Genome sequences were used to
reconstruct the full p-OXA48 plasmid using plasmidSPAdes and MUMMER to identify possible plasmid
alleles.

Results: 311 OXA48-positive isolates originating from 111 patients were included. Most patients (81) had
one resistance (OXA48) in 2 different bacterial species. 53 of them had at least one E. coli. 40 patients
had samples taken on the same day, more than 70% (85/110) within one month. Average time between
samples was 41 days and median was 9 days. Genomic analysis showed little diversity between the
reconstructed plasmid samples, mostly due to putative recombination events.

Conclusions: p-OXA48, being a very conserved plasmid, can be fully reconstructed using short read
sequencing data and used to shed light on the dynamics of within-patient conjugation.
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Abstract

Mock communities of known composition are often run in parallel with microbial community samples to
allow for accurate data evaluation and to facilitate cross-study and inter-lab comparisons, yet they lack
the microbial diversity of real-world samples. The ZymoBIOMICS Fecal Reference with TruMatrix
Technology (D6323) is a pooled human fecal reference that provides a complex alternative to mock
communities. However, the microbial content of this standard is only partially characterized. Here, we
explore the content of this sample using highly accurate long-read sequencing. We generated 11.9
million HiFi reads (88.3 Gbases) using the PacBio Sequel lle system. We performed taxonomic and
functional profiling, and metagenome assembly, using analyses tailored to HiFi reads. With taxonomic
profiling settings optimized for high precision and recall, we detected 155 species. 92% of HiFi reads
were assigned a functional annotation, and resulted in over 66.9 million total annotations from 17,000
unique classes. We used hifiasm-meta to perform metagenome assembly and a PacBio binning pipeline
to characterize high-quality (HQ) metagenome assembled genomes (MAGs). This workflow identified
199 HQ MAGs, of which 102 MAGs were >95% complete and included 54 MAGs composed of a single,
circular contig. Finally, we downsampled the data to simulate several multiplexing schemes and
investigated the effects Taxonomic and functional profiling results were largely robust across data levels.
The species-level abundance profiles and highly complete MAGs generated in our study helps shed light
on the diverse content of this novel metagenomic reference and the use of PacBio HiFi sequencing for
generating high-quality metagenomic data.
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Abstract

In many pathogenic bacteria flagellum plays an important role throughout the infection cycle. It helps
bacteria to reach the target site, invade, colonise, grow and disperse to the new host. FIhDC is a master
flagellar regulator in enteric bacteria related to E. coli. Transcriptional activation of all structural
elements of the flagellar apparatus rely on FIhDC regulator directly and indirectly.

Multiple antibiotic resistance activator MarA is most known as a global regulator of acrAB—tolC
expression but it also have an important role in DNA repair, membrane integrity, biofilm formation and
virulence. MarA binds over 60 downstream targets known as "marboxes" located in promoter regions of
genes that assist in surviving antibiotic exposure.

In this work we show that MarA can increase transcription of some operons involved in flagellum
biosynthesis in the presence of FIhDC flagellum master regulator in a competitive way.
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Abstract

The National Collection of Type Cultures (NCTC) is composed of 6,000 medically relevant bacterial
strains maintained by the UK Health Security Agency (UKHSA). The genomes of approximately 3,000
NCTC strains have been long-read sequenced, with the genomic reads, available assemblies, and
annotations made publicly accessible under NCBI BioProject PRIEB6403. This wealth of genomic data
provides an opportunity to refine what is known to date about the plasmid content of the sequenced
NCTC bacterial isolates.

Here, we apply a series of bioinformatic tools and approaches to approximately 400 assemblies derived
from strains of Escherichia coli and Klebsiella pneumoniae. We identify contigs of plasmid provenance,
assess contig circularity, type contigs deemed to be of plasmid provenance based on rep and mob loci,
cross reference these contigs with a database of known plasmid sequences, and determine their AMR
gene content. Genome assembly optimization (e.g. re-assembly using different assemblers and the
addition of short read data) in a select strain set was also performed to investigate whether the current
genomic assemblies adequately reflect the true plasmid content of the strains in question.

The resultant analysis details the most comprehensive description of the plasmid population of NCTC
Escherichia coli and Klebsiella pneumoniae strains carried out to date, revealing the NCTC strain set to
be a rich source of diverse plasmids. This dataset, containing both previously described and putatively
novel structures, has been contextualised using the available meta-data associated with the strains, and
allows commentary on plasmid evolution and human history.
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Abstract

Orphan parA like genes have been identified in a few bacteria where they have been reported to be
involved in diverse functions. Rhodococcus erythropolis PR4 chromosome contains four copies of parA
genes in their genome: 1 copy of operonic parA (6509168-6510172) and 3 copies of orphan parA genes,
parAl (2388455-2389252), parA2 (3533210-3534223) and parA3 (4434533-4435387). There are only
limited studies on orphan parA genes and none from Rhodococcus spp. The orphan parA genes show
40% — 50% identity with the operonic parA gene. The deletion of parA2 and parA3 gene resulted in an
altered elongated morphology as compared to the wild type rod shaped cells. The cell length in AparA2
and AparA3 deletion mutant was found to be up to 7.5 um as compared to that of wild type strain
whose cell length goes up to 3.5 — 4.0 um only. Chromosome segregation as observed by DAPI staining,
was not affected in AparA2 and AparA3 deletion mutants. The sub-cellular localisation was found to be
at the cell centre or at quarter positions in case of ParA3-GFP. On the other hand, a maximum of three
foci were observed in case of ParA2-GFP, where one was found to be at the cell centre and the other
two were observed at the cell poles. The elongated cell shape in orphan parA deletion mutants together
with differences in localization of the two orphan ParA proteins suggest their distinct roles in cell
division and morphogenesis.
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Abstract

Diphtheria is a respiratory disease caused by Corynebacterium diphtheriae. While the toxin-based
vaccine has helped control outbreaks of the disease since the mid-20th century there has been an
increase in cases in recent years, including systemic infections caused by non-toxigenic C. diphtheriae
strains.

Transposon insertion sequencing (TIS) is a high-throughput method used to link phenotype with
genotype. Itis commonly used to identify genes required for survival or pathogenicity of clinically
relevant strains; or to understand poorly characterized organisms.

Here we describe the first study of gene essentiality in C. diphtheriae, providing a dense library and
model dataset in the Actinobacteriota phylum. This high-density library has allowed the identification of
conserved essential genes across the genus and phylum and enabled the elucidation of essential
domains within the resulting proteins including those involved in cell envelope biogenesis.

Integration of the TIS data with proteomics data enabled validation of essential proteins previously
described as hypothetical and uncharacterized proteins, which are also represented in the vaccine.
These data are an important benchmark and useful resource for the Corynebacterium, Mycobacterium,
Nocardia and Rhodococcus research community. It enables the identification of novel antimicrobial and
vaccine targets and provides a basis for future studies of Actinobacterial biology.
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Abstract

Mold-ripened cheeses are produced locally by spontaneous fermentation in various regions of Turkey,
such as Erzurum, Konya, Karaman, and Kars districts. In this study, we aimed to determine the
population diversity of Penicillium roqueforti (n=120) isolated from 61 traditional mold-ripened cheeses.
The isolates were molecularly identified using ITS or benA sequencing. PCR screening indicated that all P.
roquefortiisolates harbored the cheese-related horizontal gene transfer regions, Wallaby and
CheesyTer. The mating genotype distribution of P. roqueforti isolates determined by MAT locus PCR was
skewed in favor of MAT1-2 (95%). The isolates with opposite mating types were found together in three
cheese samples, indicating the possibility of sexual reproduction in the cheese matrix. A population
analysis using three microsatellite loci (Proq01_3, Prog02_2, and Proq16) resulted in 36 sequence types
(STs), with the most common one (ST2) comprising 35% of all isolates (n=42). The isolates with different
STs were identified in some cheese samples, which indicates that different strains from the environment
may grow on cheeses during the ripening process. Twenty isolates were selected according to the
microsattelite analysis to represent the population and five polymorphic loci (cmd, benA, prog235,
prog631, and prog845) from these isolates were sequenced. Phylogenetic analyses showed that while
some Turkish P. roquefortiisolates were closely related to the blue cheese isolates around the world,
some isolates formed Turkey-spesific clusters.
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Abstract

The biotrophic pathogen powdery mildew (Podosphaera aphanis) causes disease on strawberry.
Strawberry powdery mildew is a global problem, infecting leaves, flowers and fruit. Epidemics of
powdery mildew can result in high economic losses due to unmarketable fruit. Control of powdery
mildew disease is mitigated by the application of fungicide sprays, however, the continued application
of fungicide has caused concerns regarding fungicide insensitivity and resistance.

Generating disease resistant cultivars offers a favourable solution to reduce the impact of powdery
mildew on strawberries. This project will characterise the tissue specificity of the disease response
across different strawberry genotypes. The overall aim will be to identify possible tissue specific
resistance/susceptibility genes for use in breeding through conducting a Genome Wide Association
Study (GWAS). Disease phenotyping data was collected from a field trial consisting of 350 different
cultivars with five replicates. Phenotyping was performed in July, August and September in 2021 and
2022. A heritability score of 0.86 in 2021 and 0.8 in 2022 shows that a significant proportion of the
variation observed in the field is controlled by genetic components. The genotyping has been performed
using an Affymetrix Istraw 35 array. GWAS statistical analysis shows that multiple genetic alleles
contribute towards powdery mildew disease resistance in strawberry. RNA sequencing data for
Strawberry fruit and leaves collected will be analysed to extrapolate differences in tissues expression
during infection of powdery mildew.
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Abstract

Acinetobacter baumannii is a critical priority pathogen for which new antibiotic treatments are urgently
required. The commonly studied isolate AB5075 is well documented to undergo a high frequency phase
switch between virulent opaque (VIR-O) and avirulent translucent (AV-T) colonies. Such colonies can
only be distinguished using oblique illumination microscopy. We have observed stable colonies (here
termed “grey” variants) that appear clearly translucent under room lighting. Such colonies differ in
biofilm forming capacity, surface motility and natural transformation.

Comparative analysis of transcripts between VIR-O and grey variants shows upregulation of an 1S5-like
element ISAbal3 family transposase. This is coupled with downregulation of an acetyltransferase and
glycosyltransferases which form part of the capsule synthesis operon. Long read genome sequencing
revealed the insertion of an ISAba13 insertion sequence into this operon, resulting in premature
termination of transcription.

To investigate other locations ISAbal3 can transpose to, native insertion sites were mapped across the
chromosome, revealing a propensity for insertion into AT-rich regions. In many Gram-negative bacteria,
AT-rich regions are bound by the histone-like nucleoid-structuring protein (H-NS). Strikingly, in an hns
mutant, this preference for AT-rich regions is abolished. This suggests a role for H-NS in directing
transposition.

These findings highlight the potential to generate heterogeneity within bacterial populations using
insertion sequences, and form the basis for understanding the factors which influence transposition in
A. baumannii.
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Abstract

For pathogen identification during clinical and epidemiology studies it is standard to use a single colony
isolated from the target sample for pathogen identification. Whilst this approach is effective at
identifying the pathogen, no information about the population dynamic of the pathogen(s) is recorded.
The aim of this study is to analyse the diversity between 20 Salmonella colonies isolated from individual
Salmonella positive stool samples using long and short read sequencing. Seven Salmonella PCR-positive
stool specimens from gastroenteritis patients at Norwich and Norfolk University Hospital were collected
between 2019 and 2022. Selective media was used to isolate Salmonella from the stool samples with a
target of 20 isolates per stool. Automated RevoluGen Fire Monkey high molecular weight (HMW) DNA
extraction was used in combination with Oxford Nanopore long read sequencing and Illlumina short read
sequencing to obtain high quality consensus genome sequences for bioinformatic analysis. Hybrid
genome assemblies were constructed, and complete chromosomes were used for structural and
nucleotide variation analysis. This confirmed that each patient was infected with a single Salmonella
serovar: Java (2), Infantis, Typhimurium, Salamae, Anatum and Enteritidis. Using RESfinder the same
AMR genes (aac(6’)-laa and mdf(A)_1) were identified in all isolates of Samonella Java across the two
sets. The typical SNP distances within isolates from 1 patient was found to be 12. This study
demonstrates the genetic variation present within Salmonella populations recovered from individual
gastroenteritis stool specimens.
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Abstract

Many DNA sequences elements are involved in the control of bacterial transcription. The -10 and -35
promoter regions recruit RNA polymerase (RNAP) to the promoter and facilitate initiation, while intrinsic
terminator sequences encode for hairpin structures in the nascent RNA, which leaver RNAP off the
transcript. Promoters and terminators have long been thought of as separate entities; however, our
preliminary data suggests that these regions commonly overlap.

The transcription start sites (TSS) of Acinetobacter baumannii were mapped using Cappable-seq and the
transcript termination sites (TTS) mapped using Term-seq. With RNAP occupying the 35 bases upstream
from a TSS when at the promoter, any occurrence of a TTS within the same region may facilitate
interactions between terminating and initiating RNAPs.

Mapping every TSS to its closest upstream TTS, we observe that spacings of 7-12bp are favoured, which
positions the TTS within the -10 promoter element. Thus, we suggest that promoter and terminator
sequence elements may serve duel regulatory roles. We also note favoured spacing of exactly 20bp,
ensuring the TSS and TTS are separated by exactly two full turns of the DNA.

Two coupled promoter-terminators have been further characterised using both in vivo lacZ assays and in
vitro transcription assays. Our results suggest interactions between initiating and terminating RNAPs
may be present at the 20bp-spaced guaB-gImA interface, but not at the 10bp-spaced surE-nlpD
interface.

Given the crowded nature of many bacterial genomes, we suggest that coupled promoter-terminators
may be a fundamental level of gene regulation which has previously avoided our attention.



P351

Genetic background influences the evolvability of antimicrobial resistance

Roshan Khatri, Jasmin Lawrence, Gareth McVicker ORCID iD, Alasdair Hubbard ORCID iD, Maria Rosa
Domingo-Sananes ORCID iD

Nottingham Trent University, Nottingham, United Kingdom

Abstract

Mutations can allow bacteria to acquire resistance to antibiotics and at the same time, they may affect
cell fitness and sensitivity toward other antibiotics (collateral effects). The genetic background of a
bacteria may also influence the effects of such mutations. For example, the same resistance-causing
mutation in two different genetic backgrounds can provide different levels of resistance and fitness
effects, due to epistatic interactions. Understanding such interactions could help us predict how
resistance evolves and therefore develop methods to slow down or reverse the rapid evolution of
antimicrobial resistance in bacterial populations. We are working to understand how genetic
background can influence the evolvability of AMR by comparing the mutation-selection windows of
strains that vary in genetic background. The mutation-selection window is the range of antimicrobial
concentrations for which one-step mutants with increased resistance can be selected. The wider the
window, and the higher its top, the more evolvable a strain is. We find that the width of mutational
windows to different antibiotics can vary in different clinical isolates of Escherichia coli. We also find that
mutations that confer increased resistance to one antibiotic affect the evolvability of resistance to a
second antibiotic in E. coli K-12. The results from these analyses will provide insight into how genetic
interactions may affect resistance, fitness and evolvability. This could be important for designing
treatment strategies that minimise the risk of resistance evolution.
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Predicting evolution using Transposon Directed insertion-site Sequencing
(TraDIS).
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Abstract

Laboratory-based evolution has become a widely used method to explore fundamental questions about
evolution as a process and is also a powerful tool to study the link between genotype and phenotype.
We are interested in understanding short and long term adaptations of bacteria to stressful
environments, and to study this we have evolved five populations of E. coli MG1655 in a dynamic pH
environment, by iterative growth and daily dilution in unbuffered LB, starting at pH 4.5. This was done
over five months, keeping a frozen fossil record of intermediate populations during this process. Whole
genome sequencing of the evolved populations and of individual clones from each population revealed
many striking similarities in the evolutionary trajectories in the evolved strains; for example, mutations
in arcA are common and may cause loss or alteration of function. We are interested in exploring the
impact of multiple different parameters on evolutionary trajectories, but as evolution experiments take
a long time, we are currently investigating whether experiments, using a high density transposon
libraries and Transposon Directed Insertion-site Sequencing (TraDIS), can partially replicate evolution
experiments in a relatively short time frame. Since TraDIS provides a measure of relative contributions
to fitness of each gene (by comparison of read counts after growth in two conditions), in principle it
should be possible to use TraDIS to identify genes whose loss of function provides a fitness benefit. Here
we compare the outcome of these two techniques and present our latest results.
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Abstract

Whole-genome and targeted sequencing open a window to understanding the function of unculturable
microorganisms. On one hand, metagenomic sequencing is attractive for its straightforward sequencing
library preparation from bulk environmental samples but only offers limited resolution into individual
species. On the other hand, single-microbe sequencing offers true single-clone resolution but can only
meaningfully address the high biological diversity expected in environmental samples if performed on
thousands of individual cells in parallel. To satisfy the need to study such large numbers of single-
microbes per sample, well- and droplet-based approaches keep evolving in parallel to provide single-cell
compartmentalization required during sequencing library preparation. However, these approaches
suffer from a fundamental trade-off between throughput and versatility. Being individually addressable,
microwells enable multi-step processing but are not scalable. Droplets offer a throughput of up to a
million cells per experiment but only allow a limited number of processing steps to be performed. The
later limitation is severely felt went it comes to microbial research, as harsh conditions typically required
for lysis are incompatible with downstream nucleic acid barcoding steps. Our Semi-Permeable Capsule
(SPC) technology combines the throughput of droplets with the versatility of wells by enabling a virtually
unlimited number of processing steps on genetic material from millions of individual microbes in
parallel. We demonstrate the use of SPCs for barcoding >100,000 individual microbial genomes to obtain
single-microbe whole genome sequencing data of unprecedented quality.
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Abstract

Background:Escherichia coli is one of the leading causes of infectious diseases worldwide and the
emergence of multi-drug resistant phenotypes in developing countries has raised a concern. Whole
genome sequencing is widely being used for the prediction of antimicrobial resistance, virulence
markers, sequence types and outbreak analysis.

Methods: A total of 50 strains of E.coli were selected for the purpose of WGS analysis from different
clinical samples. Whole genome sequencing was done using MiSeq followed by the read quality analysis,
trimming and de novo assembly using FastQC, Trimmomatic and Spades respectively. The assembled
contigs were used to BLAST against CARD, PlasmidFinder and VRDB databases to identify various
resistance markers, plasmid types and virulence genes. Schrodinger was used to prepare the three
dimensional structure and molecular dynamic studies and molecular interaction of the ciprofloxacin
with wildtype and mutant structures were compared.

Results:The phenotypic antimicrobial susceptibility to third generation cephalosporins,
fluoroquinolones, piperacillin-tazobactum and carbapenems was 18, 26, 38 and 60%. The sensitivity and
specificity of WGS for prediction of antimicrobial susceptibility ranged from 0.97 to 1 and 0.70 to 0.96
respectively. One or more plasmids were harboured by 45/50 strains. The most prevalent mutation was
ser83asp followed by asp87gly in DNA gyrase enzyme. Molecular dynamic studies revealed that these
substitutions affect the interaction of carboxylate moiety of quinolone ring in ciprofloxacin.

Conclusion: The novel drug molecules can by identified against DNA gyrase enzyme by bypassing the
mutation hotspots in quinolone binding pocket to treat MDR and XDR strains.
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Abstract

Ancient DNA (aDNA) has emerged as a recognised source of data for evolutionary and archaeological
topics, including ancient diets, disease, migratory patterns, culture, and gender studies. In recent years,
aDNA has also begun to be used for microbiome studies, looking at the communities of bacteria that
existed in different time periods. While this has been done successfully for amplicon-based studies,
recovery of full metagenomic assembled genomes is still problematic. This is due to the complex nature
of aDNA, such as extensive fragmentation, degradation, and contamination. Furthermore, since ancient
microbiome project initiatives are typically interdisciplinary, many specialists in the field are not well
versed in the bioinformatics tools needed for such analyses. This study uses a dataset of 155
metagenomic samples from archaeological dental calculus (mineralised dental plaque) sequenced using
short read technology spanning over 5000-years (during the Bronze/Iron Age, Roman Period, Viking Age,
Anglo-Saxon Period, Medieval Period, and Industrial Age) to evaluate and construct a user-friendly,
efficient workflow for ancient human oral microbiome analysis. The runtime, computational resources,
ease of use and accuracy of results were all considered to ensure such a pipeline can be used widely by
researchers in the field of aDNA.
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Abstract

Fish losses and food shortages due to the emergence of viruses are commonly seen in countries
dependent on aquaculture, posing a significant threat to fish farmers’ livelihoods and income security.
Tilapia farming is one of the most important sectors in aquaculture worldwide, with total global
production estimated at more than 6 million tonnes in 2018 (FAO; Martinez-Cordero et al 2021). A novel
strain of Infectious spleen and kidney necrosis virus (ISKNV) has been identified as an agent of high
morbidity and mortality (60-90%), threatening tilapia aquaculture in Lake Volta, Ghana. Losses of more
than 10 tonnes of fish per day following infection (Ramirez-Paredes et al. 2019) resulted in the closure of
more than 50 farms, loss of over 400 jobs, and the disruption of the livelihoods of the communities
along the lake (Okai 2021).

Long read sequencing of tiled PCR products has enabled field-based, real-time genomic surveillance of
recent viral outbreaks, providing detailed epidemiology and phylogeography information for disease
management. Leveraging similar approaches for tracking ISKNV outbreaks faces challenges, as a much
larger genome and much slower evolution rates associated with dsDNA viruses. Here, we developed a
new protocol to recover near-complete (96%) ISKNV genomes from tissue samples collected from the
Lake Volta outbreak.

This work represents the first use of long read, tiled PCR approaches for real-time surveillance of viruses
associated with aquaculture and shows that similar approaches can be used to monitor outbreaks of
other large dsDNA viruses.
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Abstract

A clinical marker of Bronchiectasis (Br) is the permanent widening of the bronchi. Often caused by
reoccurring or chronic infection and an inability of the airways to clear mucus and their associated
microorganisms. This results in the presence of a thick mucus which is difficult to clear. This enables
opportunistic pathogens such as Pseudomonas aeruginosa (Pa) to colonise. Pa is the most common lung
pathogen and can lead to lowered lung function and eventual death. Pa can adapt its physiology via
factors such as biofilm formation, lipopolysaccharide production and acquisition of antimicrobial
resistance and is also known to alter its metabolome.

Temperate bacteriophages are thought to mediate the adaptions Pa makes by transferring genes
through Horizontal genetic transfer which aids its survival in the lungs of Br patients. Currently, much
remains unknown about the prophage carriage in Pa of Br patients or what accessory genes are carried
between the phages in chronic infection. The aim of this work is therefore to understand the carriage of
prophages over the progression of Br in isolates collected from a patient with Br over a six year period.
These strains have been sequenced and so we will confirm lysogeny by using prophage prediction
informatic tools Phaster/ProphET. We aim to identify the number of inducible prophages and their
diversity across the longitudinal isolates. We will focus on changes in the phage genome over time that
may be linked to bacterial fitness or temperate phage adaptation to the chronic lung.
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Abstract

Background: The West Antarctic Peninsula is experiencing the most rapid change in the Southern
hemisphere. Ocean warming will affect glacial retreat and sea ice, which together could have
catastrophic effects on marine ecosystems. Marine invertebrate communities living in the near-shore
will be at immediate risk with these environmental changes, particularly because they are very sensitive
to warming. In recent years, the microbiome is becoming increasingly referenced as an additional organ.
Microbiome research on tropical marine invertebrates has shown that host-associated microbiomes
restructure and respond to seasonal demands of the hosts, supporting nutrition and feeding. Yet there is
very little known about microbial populations which inhabit Antarctic marine invertebrates or the role
they play for normal physiology and helping the hosts cope with the stress of ocean warming. Therefore,
this project will provide novel data on bacterial communities that live within eight species of Antarctic
invertebrates and how these communities vary with season and with warming.

Methods: The major aim of this project is to describe the diversity and functionality of invertebrate
microbiome using traditional cultivation techniques and 16S rRNA gene Amplicon and Metagenomic
sequencing (the latter using the long-read MinlON platform).

Results: Data is being generated for the first time regarding these eight species and their microbiomes.

Conclusion: Marine invertebrates living in the Antarctic may harbour unique microbes that help them
survive the intense seasonality. This project is narrowing this knowledge gap.
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Abstract

G-quadruplex structures are crucial in many cellular processes like transcription, translation, and
replication. The RNA G-quadruplexes are thermodynamically stable and can readily form due to their
single-stranded configuration, and their role in prokaryotes remains poorly understood. In this study, we
analysed 1624 bacterial genomes and coding sequences for putative quadruplex sequences (PQS).
Mycobacteria have significantly higher PQS densities in their genomes and CDS. Interestingly, CDS
enriched in PQS were observed only in slow-growing pathogenic mycobacteria. The majority of the PQS
in the CDS of pathogenic mycobacteria mapped to PE/PPE genes, a gene family involved in pathogenesis
and host immunity evasion. The PE/PPE genes are unique to pathogenic mycobacteria and represent an
expanding family of genes in mycobacterial genomes, which are well-known for their genomic down-
sizing during evolution. Using RNA oligos for a selected subset of PQS from PE/PPE genes, we
demonstrate their ability to form RNA G-quadruplexes in vitro using standard biophysical methods. The
addition of BRACO-19, a G-quadruplex binding ligand, stabilized the quadruplexes. It also significantly
inhibits the growth of pathogenic mycobacteria at low micromolar concentrations. This effect was less
pronounced on non-pathogenic mycobacteria, suggesting a role for RNA G-quadruplexes in regulating
mycobacterial growth. Our results suggest that stabilising the RNA G-quadruplexes in pathogenic
mycobacteria’s PE/PPE genes inhibits their transcription and translation, and growth dynamics of
mycobacteria. In sum, this work highlights how RNA G-quadruplex-containing genes are regulated in
mycobacteria and lay the groundwork for understanding the biological role of RNA G-quadruplexes in
prokaryotes.
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Abstract

E. coli is an emerging nosocomial pathogen causing problems in health care settings. The management
of human infections caused by multidrug resistant (MDR) E. coli poses substantial clinical challenges in
hospitals. The study aimed to characterise the resistome and virulome of E. coli in Nigerian hospitals.
Bacterial identification and antimicrobial susceptibility testing against 9 antibiotics were performed
using standard methods. Whole genome sequencing (WGS) was carried out on ten beta-lactam resistant
isolates using an lllumina MiSeq platform. In-silico analysis revealed several resistance genes against
beta-lactams (blaOXA-1, blaSHV-152, blaSHV-158, blaSHV-28, blaSHV-106, blaCTX-M-15, blaTEM-1B,
blaSST-1, blaCTX-M170, blaCTX-M-216, blaTEM-207, blaTEM-104, blaCTX-M-156, blaCTX-M-88, blaTEM-
230, blaTEM-217, blaTEM-30, blaTEM-234 and blaTEM-198). In addition to resistance genes against
other antibiotic classes including aminoglycosides, aminocyclitol, folate pathway antagonists,
Fosfomycin, macrolides, tetracyclines, quaternary ammonium compounds and quinolones. Genomic
analysis of clinical E. coli strains also revealed bacterial isolates harbour several virulence genes
(including aap, aatA, agg4A, agg4C, agg4D, aggR, capU, gad, ORF3, ORF4, iss, iucC, iutA, hlyE, sat, sepA,
sitA, terC and traT).

Comprehensive analysis of MDR E. coli strains provided by WGS detected variable antimicrobial
resistance genes and virulence factors. Programs are therefore needed to control spread of MDR E. coli
in hospitals in Nigeria.
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Abstract

Yersinia pestis is the causative agent of human plague and has evolved from its ancestor Yersinia
pseudotuberculosis. Y. pestis is transmitted between rodents and humans via fleas however, plague
characteristically disappears from plague foci for decades between outbreaks and is not recovered from
rodent or flea hosts. As Y. pseudotuberculosis is a soil-borne pathogen, Y. pestis may also survive in soil,
providing an explanation to how plague remerges in plague foci.

This project aims to investigate what genetic mechanisms drive Y. pseudotuberculosis and Y. pestis to
survive in soil. Y. pseudotuberculosis was inoculated and recovered from soil and survival assays found
that Y. pseudotuberculosis can survive in non-sterilised soil for at least 1 month in vitro. Soil infection
assays with Caenorhabditis elegans, found that Y. pseudotuberculosis can survive within nematodes for
at least 5 days in non-sterilised soil suggesting that C. elegans may act as an environmental reservoir.

Similar experiments are underway using our Y. pestis soil infection model and further work is ongoing to
identify the genetic variants that underpin Y. pseudotuberculosis and Y. pestis soil survival. These include
genome sequencing and transposon-directed insertion site sequencing to identify genetic/ genomic
variants significantly more abundant or absent in soil.

Findings from this study could provide context to the pattern of current and historical plague outbreaks
and increase our understanding of the Yersinia spp. lifestyle.
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Abstract

Plasmids are key disseminators of antimicrobial resistance genes and virulence factors, and it is
therefore critical to predict and reduce their spread within microbial communities. The cost of plasmid
carriage is a key metric which can be used to predict their ecological fate.

Here, we investigate cost and maintenance of IncP1 conjugative plasmid pKJK5 to focal strain Variovorax
sp. The presence of certain growth partners increased plasmid cost to this host, and accordingly
embedding Variovorax in a community context led to rapid loss of pKIK5 compared with culturing this
strain in monoculture.

We generalised these findings by tracking maintenance of pKJKS5 in all constituents of a synthetic 5-
species community and found community-dependent plasmid loss in a second species, as well as loss of
a second plasmid lacking payload genes.

We propose that the destabilising effect of interspecific competition on plasmid maintenance may have
an impact on plasmid abundance in clinical and natural environments. Once further investigated, this
effect may be leveraged to cure plasmids from focal strains by addition of growth partners.
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Abstract

The human gut is home to microorganisms that have formed a symbiotic relationship with their hosts to
create the human gut microbiota (HGM). A key metabolic function of the bacterial genus Bacteroides in
the HGM is the ability to break down host and dietary polysaccharides which cannot be broken down by
the host, due to polysaccharide complexity and the lack of adequate enzymes. Bacteroides use unusual
hybrid two-component systems (HTCS) to sense specific oligosaccharides and regulate gene expression
for various proteins needed for the catabolic process. The HTCS is a single polypeptide consisting of an
oligosaccharide-binding sensor domain located in the periplasm, linked by transmembrane helices to the
cytoplasmic histidine kinase (HK) and response regulator (RR) with an araC-type DNA binding domain.
This raises questions about how a membrane bound regulator interacts with DNA.

To determine whether HTCS are bound to DNA in both the inactive and activated forms, Electromobility
Shift Assays (EMSAs) have been used to investigate binding by native, inactive and phosphorylated RR to
target DNA sequences. We have shown that all protein forms of two HTCSs (specific to yeast a-mannan)
bind DNA at all predicted HTCS binding sites, suggesting that target DNA is located at the membrane.
We hope to fluorescently label the HTCS binding sites to visualise the location of target DNA during
growth on polysaccharides.

Understanding how this crucial system is modulated at the cytoplasmic membrane will reveal new
insights into how these symbionts are so successful at rapidly detecting and responding to
polysaccharide cues.
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Abstract

Bacterial genomes contain many putative protein-coding genes which are either inconsistently or never
found by the most popular available gene detection methods. These sequences are typically either
shorter than the arbitrary thresholds used in gene finding or are overlapping known genes in alternative
reading frames e.g directly in antisense. They are also typically evolutionarily novel, i.e. restricted to a
very small proportion of bacterial taxa such as a single species or genus. New methods allow better
understanding of the sequence features leading to inconsistent annotations, and the properties of the
new genes which were previously difficult to discover. In addition to the sequence data from a single
genome which is typically used as input for gene prediction, in Escherichia there is direct high resolution
evidence of translation from multiple ribosome profiling studies across a few E. coli strains and other
species including new unpublished data from E. albertii and E. fergusonii. Evidence of selection on
putative genes of interest can also be studied across the pangenomes of the genus and the species
within it. Using both of these new lines of evidence, i.e. combining expression data from ribosome
profiling with inferences about selection made from large scale genomic data, reveals many putative
new genes across the genus. Here | introduce the methods used to find them and some characteristics
of these interesting sequences which comprise part of the large region of genomic “dark matter” yet
unexplored across even the highly studied bacterial genus Escherichia.
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Abstract

Escherichia coli is used as an indicator organism for faecal contamination and antimicrobial resistance
(AMR) and is commonly found in many environments, including on food . Understanding the diversity of
commensal and pathogenic E. coli lineages present on retail foods, as well as the range of AMR genes,
virulence genes and plasmid replicons those lineages harbour, is important to understand potential risk
to consumers. This study surveyed, isolated, and sequenced the whole genomes of 516 E. coli isolates
from retail raw chicken, raw pork, raw salmon, raw and cooked prawns, and fresh leafy green vegetables
in Norfolk, United Kingdom. Initial findings indicate that commensal E. coli belonging to phylogroups A
and B1 were predominant in the survey. Additionally, intra-sample and intra-food source E.

coli sequence type diversity was observed. Based on the phylogenetic core gene tree, E. coli isolated
from different food sources were phylogenetically heterogenous. Further exploration revealed that E.
coli from raw chicken meat harboured more AMR genes, virulence genes and plasmid replicons than the
other food sources. Genomic surveillance of multiple isolates within a sample can reveal genetically
diverse E. coli. As food production becomes increasingly more global, there is an increasing need for the
ecological and evolutionary surveillance of infectious diseases for the safety of public health.
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Abstract

Staphylococcus epidermidis has been shown to possess a diverse global population comprised of six
genetic clusters (GCs) and three genomic groups. However, signatures of positive selection within core-
genes of S. epidermidis have not been examined. Here we present a candidate list of genes under
positive selection from a representative sample of the global S. epidermidis population.

Briefly, 1623 publicly available S. epidermidis whole-genome sequences (WGSs) were supplemented
with the hybrid nanopore/Illumina assemblies of 12 strains belonging to the underrepresented GC2,
based on provisional sequence type (ST) data. WGSs were filtered based on average nucleotide identity
and assembly quality, leaving 1003 WGS for analysis. Genetic cluster assignments based on sequence
type information was performed with BAPS. Roary identified 529 core-genes, with alignments screened
for recombination using RDP5. A phylogenetic tree was built using RAXML-ng, which was sub-sampled to
prepare a reduced dataset of 100 strains for analysis. Using both a maximume-likelihood and Bayesian-
inference approach, PAML site models were used to screen 959 core-genes from the reduced dataset
for signatures of positive selection, and candidate genes were confirmed using omegaMap. Sixteen
genes were identified as under positive selection, including six hypothetical genes. COG analysis of
genes under selection revealed most were linked to metabolic pathways but also included genes linked
to defence mechanisms and signal transduction.

This work provides insight into the possible selective pressures placed upon the core-genome of S.
epidermidis and areas of functional importance within genes under selection.
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Abstract

Where RNA polymerase begins transcription in bacteria is dictated by promoters, bipartite DNA
sequences composed of -35 and -10 elements. The consensus sequence of the -10 element (TATAAT)
has inherent symmetry, resulting in -10-like sequences on the complementary reverse strand. These
overlapping promoters can drive transcription from both strands in a process termed bi-directional
transcription.

Many E. coli bidirectional promoters consist of two divergent transcription start sites (TSSs) separated
by 18bp. This configuration requires the final base of the consensus -10 element to be a T. Whilst highly
conserved in most bacteria, over half of Rhodobacter sphaeroides promoters lack this final T. R.
sphaeroides compensates for this by utilising a transcription factor, CarD, to activate transcription from
these minimal promoters.

To investigate if CarD dependent promoters exhibit bidirectionality, we determined the global TSS in R.
sphaeroides. This identified multiple potential bidirectional promoters, with the most frequent
configuration of bidirectional TSSs separated by 23 bp. However, we were unable to demonstrate CarD
dependant activation of bidirectional transcription in vitro. Whilst troubleshooting, we observed CarD
only activates transcription on negatively supercoiled DNA. Levels of supercoiling are linked to external
conditions including temperature, osmolarity and oxidative stress. We speculate that CarD may regulate
transcription in response to alterations in DNA supercoiling, in turn brought on by environmental
changes.

Ongoing work aims to elucidate the involvement of CarD in linking transcription regulation to
supercoiling and bidirectional transcription in vivo



P368

Uncovering pre-resistance and rare mutations associated with antibiotic
resistant bloodstream infections

Milly Newton, Conor Meehan, Alasdair Hubbard, Maria Rosa Domingo-Sananes

Nottingham Trent University, Nottingham, United Kingdom

Abstract

Discordance between phenotypic and genotypic testing in Escherichia coli (E. coli) and Klebsiella
pneumoniae (K. pneumoniae) antimicrobial susceptibility testing is a significant issue in hospitals. As
more and more genotypic testing is undertaken, these discordances can result in incorrect drug
susceptibility information with downstream effects on patient treatment. Such discordance is also
compelling for research as it could uncover rare mutations and pre-resistance.

We used a combination of population genetics and machine learning approaches to understand the
discordances found in a large dataset of clinal E. coli and K. pneumoniae samples. FST, random forest
and rare mutation analysis were used in combination to uncover patterns of resistance and pre-
resistance that stratify data based on MIC and EUCAST susceptibility profiles.

Our pipeline provides a next step in the use of large public datasets to try to uncover the unknown
aspects of antimicrobial resistance. This could set a basis for further research within this subject and it
may show the importance of tracking nosocomial antimicrobial resistance using genotypic methods.
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Abstract

The human microbiome has been recognized as closely linked to many aspects of human health, from
dental disease to cancer. The oral microbiome in particular is heavily influenced by diet, disease, and
daily habits. While much is known about the modern oral microbiome structure and function, little is
known about the evolution of this community and how it changed in relation to human cultural changes.

In this project we use samples of ancient DNA obtained from the dental plaque of 134 ancient
individuals from across England dating from the Iron Age until the post-Medieval Era to look at the
impact of changes to dietary resources and hygiene practices on the oral microbiome. In particular, we
compare the abundances of different bacteria, particularly pathogens, before and after the Industrial
Revolution, which brought an increase in pollution and availability of sugar and processed foods. Existing
studies investigating the effects of the Industrial Revolution on human oral microbiomes in Europe
generally include limited sample sizes that may mask correlations between specific lifestyle factors and
changes in the oral microbiome. However, our findings show differences in alpha and beta diversity of
the oral microbiome community about this time period, likely due to these sweeping changes in British
culture and environment.
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Abstract

We profiled two single-gene deletion libraries of clinically relevant P. aeruginosa strains (PAO1 and
PA14) using over 200 chemical and environmental stressors. In these assays, we obtained quantitative
measurements of mutant fitness and their ability to form biofilms.

The quantitative phenotypic signature for each mutant strain allows a) identifying novel gene functions;
b) mapping of metabolic pathways; c) mapping of interconnections between functional cellular
processes; d) addressing the role of horizontal gene transfer in network rewiring and gene repurposing;
e) understanding how chemical perturbations affect the secondary metabolite profile; f) identifying
novel secondary metabolites; etc.

To validate our data set, we selected and tested experimentally three of our hits. Our data set revealed
a fitness relationship between the knockout of a (p)ppGpp hydrolase causing increased sulfonamide
sensitivity; the knockout of a hypothetical gene causing sensitivity to nitrogen limitation; and two
hypothetical genes on the same operon causing sensitivity to metal stress. We validated these hits by
using various assays.

Overall, the results of these experiments were as predicted by the chemical genomics screen. This
supports the hypothesis that the screen is a useful resource for predicting gene-phenotype relationships
in PA14 and PAO1, and can be used to direct further research.
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Abstract

Bacterial meningitis is an infectious disease of the membranes surrounding the brain that is a key public
health challenge worldwide. A major and frequently fatal cause is Neisseria meningitidis, the
meningococcus, which can also grow in the blood, causing septicaemia (sepsis). These two disease
syndromes can occur separately or together and are known collectively as invasive meningococcal
disease (IMD). N. meningitidis can be encapsulated or not, but meningococci causing disease are almost
always encapsulated. The capsules are classified into twelve serogroups, of which, six serogroups, A, B,
C, W, X, and Y, are responsible for most IMD.

PubMLST.org is a widely-used open-access genomics reference database, containing an integrated
collection of databases comprising phenotype and provenance data (metadata) linked to nucleotide
sequence data up to and including genome assemblies, for molecular characterization of many bacterial
species. Such epidemiological information is crucial for monitoring, tracking, and responding to cases of
IMD. The availability of IMD isolates and non-culture diagnosis information also enables effective
surveillance and assessment of the effect of meningitis vaccines, providing objective and effective
means of comparing and assessing changes in vaccine antigens. The Bexsero Antigen Sequence Type
(BAST) scheme, for instance, was developed and implemented under PubMLST.org work.

Here we report our visual analytics and visualization systems developed to support the analysis and
exploration of the N. meningitidis isolates hosted in PubMLST. We demonstrate how effective visual
analytics techniques enable users to assimilate and understand large and complex genomics datasets.
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Abstract

The population of Cox’s Bazar has increased drastically in the last decade with the influx of Forcibly
Displaced Myanmar Nationals (FDMNs) into Refugee Camps (RCs) in Cox’s Bazar, Bangladesh. This influx
put further pressure on health and sanitation infrastructure, placing the FDMNs and the host population
of Bangladeshi Nationals (BGDN) at increased risk of diarrhoeal disease outbreaks including cholera,
which was later confirmed during sentinel surveillance of diarrhoea patients.

We sought to understand the epidemic risk of the Vibrio cholerae strains circulating in the RCs around
the time of a large pre-emptive mass oral cholera vaccination campaign, by assessing the relationship
between these strains and those responsible for the current cholera pandemic (“7PET” lineage). We
contextualised these findings against the outbreaks in Haiti and Yemen, where reactive vaccination
campaigns were conducted.

Our phylogenetic analysis of 222 V. cholerae isolates obtained from stool collected from ten surveillance
sites between July 2014 and November 2019 showed that these isolates did indeed cluster within two
sublineages (one global and one local) of the high-risk epidemic “7PET”, branching alongside V. cholerae
that were present contemporaneously in Dhaka or Kolkata. Interestingly, the globally radiating
sublineage was associated with a shorter duration of diarrhoea and lower relative risk of rice watery
stool compared to the endemic sublineage.

Our data show that the risk of local or widespread epidemics in this setting were very high but suggest
the mass vaccination campaign was successful in preventing a population expansion of the pandemic
clone.
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Abstract

The gold standard method for identifying enteric bacterial infections is stool culture. Whilst some clinical
laboratories have transitioned towards molecular techniques such as multiplex PCR panels which are
affordable and fast, they provide limited information and require apriori knowledge of the expected
cause of infection. Several laboratories are adopting short-read sequencing (SRS) as a form of pathogen
identification; however, the advances in metagenomic long-read sequencing (LSR) technology have
leveraged a future where LRS has the potential to be incorporated into the suite of diagnostic tools. This
project evaluates metagenomic LRS versus metagenomic SRS. Comparing sequencing results to culture-
dependent identification methods, we assess the utility of long-read metagenomic sequencing to
identify enteric pathogens as an alternative to culture-based detection and SRS methods. After
sequencing a selection of enteric PCR-positive stool samples, taxonomic profiles were produced using
Kraken2, BUG-SEQ, SourMash and MEGAN-LR to ascertain the most suitable method for clinical
application. Metagenome LRS provides comprehensive profiles of the enteric microbiome, and with
deeper resolution, novel and low-abundance taxa can be identified. The information from metagenome
sequencing goes beyond the scope of the cumulative molecular methods to give a greater depth of
knowledge aiding subtyping, surveillance, and outbreak investigations. Rapid developments in
sequencing technology have leveraged a situation where metagenomic sequencing costs are
approaching the cumulative costs of all molecular and culture-based testing for clinical samples. As we
move further into the next-generation sequencing era, culture-free diagnostics could become a reality,
with metagenomic-based diagnostics integrated as a routine clinical pathogen diagnostic.


https://orcid.org/0000-0001-9530-2287

P374

Four principles to establish a universal virus taxonomy.

Peter Simmonds?, Evelien Adriaenssens?, Murilo Zerbini3, Workshop Consortium (39 members)*

tUniversity of Oxford, Oxford, United Kingdom. 2Quadram Institute, Norwich, United Kingdom.
3Universidade Federal de Vicosa, Vigosa, Brazil. *Various, Various, Ukraine

Abstract

The International Committee for the Taxonomy of Viruses (ICTV) is an international body tasked with the
classification of viruses and the nomenclature of species and other taxa. However, there are major
differences in the conceptualisation and approaches to virus classification and nomenclature among
virologists, clinicians, agronomists amongst others. Here, we provide recommendations for the
construction of a coherent and comprehensive virus taxonomy, based on expert scientific consensus
reached by virologists, evolutionary biologists and ICTV members at a workshop held in Oxford in April,
2022.

Firstly, assignments of viruses should be congruent with the best attainable reconstruction of their
evolutionary histories, i.e., taxa should be monophyletic. Secondly, phenotypic and ecological properties
of viruses may inform, but not override, evolutionary relatedness in the placement of ranks. Thirdly,
alternative classifications that consider phenotypic attributes, such as being vector-borne
(“arboviruses”), infecting specific hosts (eg. “mycoviruses”, “bacteriophages”) or displaying specific
pathogenicity (eg. “human immunodeficiency viruses”), may serve important clinical and regulatory
purposes but often create polyphyletic categories that do not reflect evolutionary relationships.
Nevertheless, such classifications should be maintained if they serve needs of specific communities or
play practical clinical or regulatory roles. However, they should not be considered or called taxonomies.
Finally, while an evolution-based framework enables viruses discovered by metagenomics to be
incorporated into the ICTV taxonomy, there are essential requirements for quality control of the
sequence data used for these assignments.

Combined, these four principles enable future development and expansion of virus taxonomy as the
true evolutionary diversity of viruses becomes apparent.
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Abstract

Escherichia coli is both the most common member of the commensal microbiota of the vertebrate gut
and an opportunistic pathogen causing both intestinal and extra-intestinal infections. Whole-genome
sequencing and population genetics-based epidemiology has revealed a diverse population structure of
E. coli that segregates into distinct phylogenetic lineages. Host characteristics such as diet, gut
morphology and physiology are important predictors of the distribution of E. coli lineages. However, the
population structure is also shaped by host ecology, specifically, the domestication status of the host.

To investigate the genetic basis of E. coli host adaptation a collection of >5,500 E. coli genomes isolated
from diverse host species and ecologies, representing eight major phylogenetic lineages, was
constructed. We performed 80 genome-wide association studies (GWAS) in parallel on this collection
investigating the genetic variation associated with host species, ecology and physiology.

The GWAS results reveal a genomic mosaic of adaptive regions, whereby in many cases there are
variations (i.e. SNPs) associated with complementary host species, physiology and ecology, for example
adaptation to cow, ruminant and domestic niches, respectively. This hierarchical approach to
understanding host adaption provides new avenues to investigate the genetic basis of phenotypic
variation in bacteria. ldentification of specific genes underlying phenotypic variation within a given host
species, in addition to adaptations linked to broader ecology, are important for deciphering the
ecological and evolutionary forces that shape the population structure of E. coli.
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Abstract

Half of all women have experienced a urinary tract infection (UTI) in their lifetime, and this remains a
persistent issue in rural counties like Norfolk. In alignment globally, Uropathogenic E. coli (UPEC) are the
main etiological agent for UTls in Norfolk and are increasingly difficult to treat due to multi-drug
resistance associated with clonal groups. We therefore set out to identify which clonal groups and
resistance genes are disseminating in the community and hospitals in Norfolk, the first study of its kind
for UPEC in this region. 217 isolates were collected between August 2021 and January 2022 from the
reference clinical microbiology lab at Norfolk and Norwich University Hospital (NNUH) for isolates
equally from the community and hospitals. These were sequenced using the lllumina and MinION
platforms for in silico multi-locus sequence typing and antibiotic resistance determinant detection using
AMRFinderPlus. Of the 74 STs detected in our dataset, 8 STs were responsible for 57% of UTI infections
sampled for this study, 6 of which had broad susceptibility to antibiotics used in UTI screening in
Norfolk. The exceptions were multi-drug resistant clonal groups ST131 and ST1193 which were the
fourth and eighth most frequently isolated ST, a smaller proportion of the population than for other
regions of the UK. Trimethoprim resistance rates were high in community (15.2%) and hospital (36.2%)
settings which limits cost-effective treatment for many cases. Similarly, ST131 and ST1193 were the
main causes of ciprofloxacin resistance in both hospital and community settings, further limiting cost-
effective therapeutic options.
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Abstract

Haemophilus influenzae (Hinf) is both part of the human nasopharyngeal commensal microbiota and

a human pathogen causing invasive diseases. The high genetic diversity observed in Hinf as a result of
frequent horizontal gene transfer events necessitates approaches for fine discrimination among strains
whilst minimising bias in extrapolating genetic relatedness. Core genome MLST (cgMLST) typing is a
highly adaptable and dynamic approach that allows a granular evaluation of the population structure.
A cgMLST scheme for Hinf was developed using several bioinformatics tools (PIRATE, chewBBACA,
PEPPAN, and Genome Comparator by BIGSdb). An optimal workflow combining different tools was
determined and applied to a dataset of complete Hinf genomes (N = 14) and draft genomes (N =
1,059). Initial analyses revealed 1,017-1,309 core genes, after paralog exclusion. Variations in annotation
and paralog definitions employed by each software were likely to cause discrepancies in

observed results. After implementing the predefined workflow combining different tools and validation
using an independent dataset (N = 1,495), over 1,000 core loci were identified. Based on neighbor-
joining tree comparison, cgMLST had a better discriminatory capability than 7-loci MLST and ribosomal
MLST. The results indicate that genomic comparison using cgMLST provides a more robust population
structure characterisation of Hinf. The scheme will be implemented in the publicly available PubMLST
database (https://pubmist.org/), which hosts over 3,000 Hinf genomes, and will improve surveillance
and understanding of this increasingly antimicrobial resistant pathogen.


https://orcid.org/0000-0002-7681-7135

P378

The Kocurious case of Noodlococcus: characterisation of a laboratory
contaminant provides genomic insights into Kocuria rhizophila

Siu Fung Ho, Gregory McCallum, Elizabeth Cummins, Alex Wildsmith, Ross Mclnnes, Samuel Nicholls,
Joshua Quick, Willem van Schaik, Robert Moran

University of Birmingham, Birmingham, United Kingdom
Abstract

A laboratory contaminant, Noodlococcus was named for its coccoid cells and unusual colony
morphology, which resembled a pile of noodles. On the day of its discovery, we shared photos of
Noodlococcus on social media, which attracted international interest from scientists and the general
public. Along with laboratory characterisation and electron microscopy, we generated a complete
Noodlococcus genome sequence using lllumina and Oxford Nanopore data. The genome consisted of
only a 2,732,108 bp chromosome that shared 97.6% Average Nucleotide Identity (ANI) with the Kocuria
rhizophila type strain TA68. Despite its environmental ubiquity and relevance to agriculture,
bioremediation and human medicine, there have been few genomic studies of the Kocuria genus. We
conducted a comparative, phylogenetic and pan-genomic examination of all 131 publicly-available
Kocuria genomes, with a particular focus on the 29 that had been called K. rhizophila. This revealed two
phylogenetically-distinct lineages of K. rhizophila, with within-lineage ANI values of 96.8-99.9% and
between-lineage values of 89.6-90.5%. With ANI values of <95% relative to TA68, the second lineage
constitutes a separate species that we refer to as K. pseudorhizophila. Differences in the K. rhizophila
and K. pseudorhizophila pangenomes likely reflect both phenotypic and evolutionary variation. Notably,
the type I-E CRISPR-Cas system we identified in Noodlococcus is conserved in true K. rhizophila but
absent from K. pseudorhizophila.
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Abstract

The evolution of antibiotic resistance during chronic bacterial infections is leading to high rates of
treatment failure. Several conditions cause increased risk of recurrent infection, including the chronic
lung disease bronchiectasis. Pseudomonas aeruginosa is the most prevalent pathogen affecting people
with this condition and is associated with worsened disease outcomes. The genetic diversity of P.
aeruginosa infection populations in this context, and the effect on treatment success and infection
outcome, is poorly understood. To investigate this, we performed whole genome sequencing of over
2000 P. aeruginosa isolates from the sputum of bronchiectasis patients enrolled in a Phase-lll
randomized clinical trial for an inhaled ciprofloxacin treatment (ORBIT3); and pooled sequencing of each
infection population for 183 patients. We constructed core genome phylogenies to define the
population diversity within and between patients. Population sequencing revealed the dynamics
between P. aeruginosa subpopulations during infection driven, in part, by the selection pressure of
antibiotic treatments. Throughout the trial, all P. aeruginosa populations became resistant to the
inhaled ciprofloxacin. Our sequencing analysis revealed mutations in known genes associated with
ciprofloxacin resistance including gyrA, gyrB, and parE, some not previously reported, as well as other
pathways. Our work provides insight into P. aeruginosa infection populations in people with non-cystic
fibrosis bronchiectasis, which has not been extensively studied. It also furthers understanding of
antibiotic resistance evolution in a clinical setting, which will facilitate novel treatment development.
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The deep sea is known to host novel bacteria with the potential to produce a diverse array of
undiscovered natural products. Understanding these bacteria is thus of broad interest in ecology and
could also underpin applied antimicrobial drug discovery. The Streptomyces genus has contributed more
to our antibiotic arsenal than any other group of bacteria. Despite decades of exploration, global
analysis has suggested they still possess more undiscovered biosynthetic diversity than any other
bacterial group. Here, we isolate a new strain of Streptomyces from the tissue of a deep-sea sponge
found at a depth of 1869 m in the Atlantic Ocean. Phylogenomics determined this strain represents a
novel marine species that we name Streptomyces ortus sp. nov. The biosynthetic potential of S. ortus sp.
nov. was assessed relative to other members of its clade via comparative gene cluster family (GCF)
analysis and we identified six biosynthetic clusters unique to our deep-sea strain. Culture-based assays
were used to demonstrate the antibacterial activity of S. ortus sp. nov. against two drug-resistant human
pathogens. Finally, we assessed the contribution of vertical evolution to GCF content in this clade and
revealed a clear congruent relationship between phylogeny and GCF content, even between strains
isolated from vastly different environments. This work demonstrates the utility of isolating novel
Streptomyces strains for antibiotic discovery. For the first time, we used species tree-gene cluster tree
reconciliation to assess the contribution of vertical evolution on the biosynthetic gene cluster content of
Streptomyces.
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Abstract

Signal responsive proteins present a tunable microbial response system that governs changes in nutrient
availability, metabolic reprogramming, signalling and cell-cell communication, bioremediation, efflux,
and biotransformation. The LysR-Type Transcriptional Regulation (LTTR) system is one of the most
abundant classes of transcriptional regulator in gram negative bacteria and it is particularly abundant in
Pseudomonas aeruginosa, a harmful nosocomial pathogen associated with burn wounds and respiratory
infection in Cystic Fibrosis. While several LTTR proteins in this species have been shown to play a role in
antimicrobial resistance and signalling, very little is known about how and why these proteins have
evolved to such frequency, and whether or not any relationships exist within the distribution. In this
study we sought to identify the patterns underpinning LTTR distribution in P. aeruginosa and to uncover
cluster based relationships within the pangenome. Comparative genomics revealed ~86k LTTRs present
across the sequenced genomes (n=699) of this pathogen in the JGI IMG database alone. They are widely
distributed across the species, with core LTTRs present in greater than 90% of the genomes, and
accessory LTTRs identified in less than 2%. Further analysis showed that subsets of the core LTTRs can be
classified as either variable or conserved, with the variable LTTRs being P. aeruginosa specific, in
contrast to the widely distributed conserved LTTR proteins. These findings provide new insights into the
organisation of LTTR proteins within the P. aeruginosa species, delivering a scaffold for future studies to
determine the functional significance of the cluster, conservation, and distribution patterns identified.
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The yeast genera Saccharomycopsis and Ascoidea use a non-standard genetic code in their nuclear
genes, where CUG codons are translated as serine instead of leucine. This is due to the presence of a
tRNA-Ser with the unusual anticodon CAG, which reads CUG codons. However, these species also retain
an ancestral tRNA-Leu(CAG), which theoretically could translate CUG codons as leucine. In Ascoidea
asiatica, both tRNAs are active and dual translation occurs. However, all species in the genus
Saccharomycopsis appear to only translate CUG codons as serine, despite having both tRNA genes. This
raises the question of why the tRNA-Leu(CAG) gene has been retained in Saccharomycopsis, and we
hypothesised that it might be required to translate CUG codons as leucine in a specialised subset of
genes. To investigate this, we sequenced the genomes of 25 Saccharomycopsis species and analysed
their genes for signatures of CUG-Leu translation, and generated gene deletions to test for essentiality.
This tRNA-Leu(CAG) deletion mutant displayed no phenotype, and thus appears non-essential. We made
alignments of orthologous genes, and applied a heuristic rule to search for columns with a high
likelihood of requiring CUG translation as leucine. We detected a strong bioinformatic signal of CUG-Leu
translation in genes involved in meiosis and sporulation, a specialised stage of the yeast life cycle. We
hypothesised that tRNA-Leu(CAG) may be employed exclusively during sporulation. We performed LC-
MS/MS on sporulating cultures to determine if CUG is translated as leucine exclusively during this
process, which we could not detect.
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Abstract

Vibrio cholerae is the causative agent of the disease cholera, which is responsible for 4 million cases of
diarrhoea and over 100,000 deaths each year (WHO, 2015). Cholera is currently epidemic in 16 countries
(ECDC, 2020) and the ongoing outbreak in Yemen has already caused over 2.5 M cases and 4000 deaths
(Federspiel and Ali, 2018). V. cholerae persists in two habitats; a vast environmental reservoir as aquatic
biofilms on chitinous surfaces, and the crypts of the human small intestine. The organism requires a very
different transcription programme for each of these situations, and thus timely transcriptional
regulation is vital for the success of the pathogen. The roles of various transcription factors responding
to different environmental cues (e.g. carbon availability, cell density) in regulating the life cycle of V.
cholerae have been well-studied, but the role of oxygen concentration is not well understood. Of note,
the lumen of the small intestine is largely anaerobic, but the crypts are slightly oxygenated (1-2%).

To remain viable, bacteria must maintain a crucial balance of oxidative and reductive power in the cell.
This is controlled by the two-component ArcA/B regulatory system, which shuts off components of the
cell depleting reducing power when terminal electron acceptors (e.g. oxygen) become unavailable. In
this study, we investigated the role of ArcA in regulating lifestyle switching using a variety of genomic
and biochemical approaches. We show that ArcA targets not only genes involved in fine-tuning
metabolism for low-oxygen conditions, but also targets genes required for virulence.



P384

Delving into the diversity of highly conserved 16S ribosomal RNAs and their
operon architectures in Bacterial and Archaeal genomes

Riya Srivastava?!, Arpita Bansal®, Gaurav Sharma ORCID iD*?

past Affiliation: Institute of Bioinformatics and Applied Biotechnology (IBAB), Bengaluru, Karnataka,
India. 2Indian Institute of Technology Hyderabad, Sangareddy, Telangana, India

Abstract

165/23S/5S rRNAs are integral parts of 70S ribosomes and associated protein synthesis machinery.
Predominantly, these subunits are clustered and expressed as a single operon. 16S rRNA sequence is
present in multiple copies per organism; however, it is still extensively used as a phylogenetic marker for
bacterial taxonomy and classification. Moreover, the number of 16S operons per organism goes beyond
any specific taxa, genome size, ecological niche, etc. Here, we explore the diversity, identity, and
evolutionary relatedness of 165/23S/5S rRNAs, their operon structures, and their nearby syntenic
architecture among 3,893 genomes belonging to Bacteria (1,271 genera) and Archaea (96 genera). This
study revealed that Tumebacillus avium has the maximum rRNAs (108; 32 operons), including 37 16S, 39
23S, and 32 55 rRNAs. 95% of identified 16S rRNAs are present as linked cluster with a nearby 23S and
5S rRNAs. No correlation exists between 16S rRNA numbers and the genome size or GC% of the
respective organism. Out of identified clusters having one of the 165/235/5S rRNAs within a vicinity of
ten genes, two types of differently organized abundant clusters, i.e., 165- tRNA"®-tRNA*?-235-5S (33.3%)
and 16S-23S-5S (29.8%) were distinctly visible which raises concerns behind ITS diversity in such a
conserved genomic structure. A few organisms have a mere 80-95% identity within two 16S rRNAs
copies, and we deciphered their evolutionary relatedness at inter and intraspecies levels using
homology and phylogenetic analysis. Overall, this study aims to understand how this ITS diversity affects
the 16S rRNA-based taxonomy and metagenomic studies.
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Abstract

During the process of high-throughput sequencing, mutations are introduced into viral genome
sequences as a by-product of the sample preparation process. When combined with miscalls
incorporated from variant-calling, rare mutations are practically indistinguishable from process-
introduced error. This confounds useful intra-host diversity information critical for molecular
phylogenetic study.

We designed a model system, to characterise these technical biases for established whole genome
sequencing, and analysis protocols. We sequenced eight copies of an Infectious Bronchitis virus
genome, over 2 MiSeq sequencing runs with high (1ug) and low (100ng) starting input, to identify the
level of variation within the resulting pipeline. Comparing high and low input, we assessed genomic
profiles, identifying variation using in-house variant calling analysis pipelines. We then applied this data
to interpret the level of bias within each component of the pipeline, characterising that DNA based
samples showed significantly less variation, compared to their RNA counterparts, and that significant
point of introducing variation was at the stage of reverse transcription. To fully assess the variation
introduced by variant calling, and treating our bioinformatics pipeline as a gold standard, we then
processed this dataset, comparing the output of 4 virus variant callers and 4 global haplotypers,
providing a benchmark of the variation between individual software callers. This dataset demonstrated
a significant level of variation between callers and global haplotypers.

These results also provides a baseline on the biases inherent in the sequencing and analysis pipelines
and highlights the variability, when variant calling from high-throughput sequencing datasets.
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The molecular genetics of the virulence plasmid of E. coli 0104:H4.

Rachel Whelan, Gareth McVicker

Nottingham Trent University, Nottingham, United Kingdom

Abstract

The exchange of mobile genetic elements has previously resulted in the emergence of atypical strains
posing a huge risk to human health. One such example was detected in the 2011 European outbreak of
Escherichia coli 0104:H4 which carried an unusual combination of EAEC- and STEC associated virulence
factors on a plasmid and phage respectively. The E. coli 0104:H4 virulence plasmid has exhibited
unusual stability when subjected to a range of environmental stresses, in contrast to more frequent
plasmid loss in vivo. Following the curing of the virulence plasmid via heat shock, we have identified a
significant phenotypic difference between the wild-type and plasmid free variant. These include a
dramatic reduction in motility and adherence to human colonic cells with an increased aggregative
phenotype in the plasmid free variant. We have further investigated the function of putative TA system
genes present on the virulence plasmid by inducing their expression in lab made vectors in order to
further understand the mechanisms involved in plasmid maintenance during infection, from which we
have identified a functional CcdAB TA system. Furthering our knowledge of these maintenance systems
allows us to better understand the systems involved in maintaining crucial virulence factors during
infection. This atypical strain had displayed heightened pathogenicity and provided unforeseen
treatment challenges and was therefore investigated as a model for understanding MGE carriage to
predict and combat future outbreaks of hybrid pathovars through the exchange of mobile genetic
elements.
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What the phage? A genomic map of the prophage content of domestic UK Shiga-
toxin producing E. coli (STEC) 0157:H7 genomes.
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Abstract

Following the recent improvements in long-read sequencing technologies, it is now possible to sequence
and generate single contiguous de novo assemblies of complex prophage-rich bacterial genomes. We
used Oxford Nanopore Technologies to generate complete assemblies of 176 genomes of Shiga toxin-
producing Escherichia coli (STEC) 0157:H7 and to characterise the accessory genome, including
prophage content. The Shiga toxin gene (stx), the key virulence factor and defining characteristic of the
STEC group, is bacteriophage encoded.

Bioinformatics analyses identified and excised 2,981 prophages from the 176 STEC 0157:H7 genomes.
Prophage content varied from 14 to 20 prophages per chromosome, with STEC 0157:H7 belonging to
lineage Il having more prophages on average than those in lineage I. For lineage Il, genome size was
proportional to prophage number, whereas lineage | genomes varied in size independent of prophage
content.

Of the 2,981 prophages, 308 were stx-encoding prophages each harbouring a single stx subtype of either
stx1a, stx2a or stx2c. Prophages harbouring stx1a had a preferential stx-encoding bacteriophage
integration site (SBI) of yehV (96.6%, 58/60) whereas stx2c had a preferential site of sbcB (98.25
112/114). stx2a-encoding prophages had the most diverse SBI sites, including argW (49.2% 66/134),
sbcB (31.3% 42/134), yecE (8.2% 11/134). There were 15 genomes that had multiple copies of stx2a-
encoding prophages, inserted at different SBls.

Accurately mapping the acquisition and loss of stx-encoding bacteriophages enables us to predict the
virulence potential of the different STEC 0157:H7 lineages, and to monitor for emerging threats to
public health.
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Monitoring Changes in Viral Population Diversity During Pathogenic Infection of
Infectious Bronchitis Virus

Ge Wu, Sarah Keep, Erica Bickerton, Graham Freimanis
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Abstract

The avian coronavirus, Infectious Bronchitis virus (IBV) represents one of the most significant threats to
the global poultry industry. Live-attenuated vaccines (LAVs) currently provide a line of defense in
protecting flocks from infection and are produced through serial passages of a virulent field isolate
through embryonated hens’ eggs. Furthermore, LAVs have been documented to have a potential for
reversion to virulence, thereby driving outbreaks. It is unclear how these viruses regain pathogenicity.
We sought to profile viruses in vivo to understand the genomic changes that accompanied transition to
pathogenicity.

A IBV D388 viral genome (D388 _cl) was synthesized as a clone and inoculated into SPF Rhode Island red
(RIR) chickens, which were assessed against wild type for clinical signs. Samples were taken from culled
birds at 4, 6 and 7-days post infection. The synthesized virus exhibited a delayed pathogenic phenotype
compared to wild type. We hypothesized that as viruses moved to a pathogenic phenotype there would
be an accompanying change in the diversity of their swarm structure. To investigate this hypothesis, we
used whole genome sequencing to characterise genomic changes between time points in vivo. Changes
were compared between wild type and clone viruses and patterns between variants were identified. We
also compared these results with those changes observed in other attenuated/pathogenic IBV viruses, in
addition to exploring the impact at the level of protein expression.

This investigation characterized the changes in genomic profiles in viruses in vivo and how these impacts
upon their ability to induce a pathogenic phenotype.
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In silico exploration of the rumen microbiome potential as source of CGTase
enzymes for biotechnological applications
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Abstract

Cyclodextrins have prominent roles in numerous industrial sectors due to their ability to form inclusion
complexes or coacervates with non-polar compounds of different sizes. These structures are uniquely
synthesized by the enzymatic action of CGTase (EC 2.4.1.19), which converts starch and its derivatives
into cyclodextrins. Cyclodextrin production is limited by the high cost associated with obtaining CGTase,
hence studies on this field have a high biotechnological appeal. Rumen microorganisms have been
widely reported as producers of carbohydrates and might be a good source of new CGTases isoforms.
This work evaluates the occurrence of CGTase sequences in ruminal protein sequence databases.
Sixteen CGTase amino acid sequences were selected from literature and used to mine ruminal bacterial
protein sequences in the Hungate 1000 collection (418) as well as metagenome assembled genomes
(MAGs) from MGnify database (5579) using BLASTp. The retrieved putative CGTase sequences were
aligned, and subsequent phylogenetic trees were performed in Clustal Omega and visualized with the
Interactive Tree of Life (iTOL). BLASTp results showed 242 and 15 matches from the Hungate and MGnify
databases respectively, with percentage identity ranging from 40 to 58.42%. Functional annotations of
each putative selected sequence were verified using InterPro platform and alignment tools. The highest
occurrence of matches from MGnify belongs to the genus Catonella sp (2065), while those from Hungate
1000 belong to the genera Lachnobacterium (88), Streptococcus (76) and Lachnospiraceae (42). These
preliminary results highlight the rumen microbiome as a potential source for new CGTase isoforms that
could expand their biotechnological applications.
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Biotechnological potential of Blastococcus (Actinobacteria) in arid agro-
ecosystems
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Abstract

The genus Blastococcus (Geodermatophilaceae, Actinobacteria) comprises species isolated from
sediments, Desert soil, decaying monuments and plant leaves. Research studies based on genomic data
are still scarce. In particular, just two papers, focused on single strains, were published so far, which
revealed numerous genes involved in stress response and adaptation to harsh habitats apart from an
exceptional potential to produce novel natural compounds. In this study, we aim to taxonomically
characterise four novel species within the genus Blastococcus and explore their biotechnological
potential to be applied in arid agro-ecosystems. Our results indicate Blastococcus genomes encode a
variety of mechanisms involved in adaptation to environmental stress and a high versatility in carbon
metabolism and extracellular enzymes. It is suggested that Blastococcus representatives could have an
unexpected and remarkable role in soil carbon fixation but also in the decay of organic residues,
transformation of native soil organic matter and mineralisation of nutrients available for plants. Their
metabolism of Blastococcus could therefore be key into the natural restoration of soil fertility in arid and
degraded soils.
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The diversity of Staphylococcus aureus Pathogenicity islands (SaPls) within and
between different sequence types

Cosmika Goswami, Stephen Fox, Thomas Evans, Alistair Leanord
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Abstract

Background: SaPls are mobile genetic elements containing a variety of accessory genes important in
virulence. Although some individual SaPls are well characterised, the diversity of these elements within
clinical isolates of S. aureus is not known.

Method: Whole genome sequencing of 1525 blood culture S. aureus isolates was performed using the
[llumina platform. Reads were assembled using SPAdes and annotated using PROKKA . A manual method
for SaPl identification was used, initially searching for SaPI integrase genes and then for other conserved
genes contained within SaPls.

Results: We identified 1320 SaPls in 65.3% (n=996) of our isolates, including 109 novel SaPIs at five
different att sites. 68.6% (n=683 of 996) of isolates had one SaPl each, 30.3% (n=302) with exactly two
SaPls and 1.1% (n=11) with three. Distribution of SaPIs across different sequence type (STs) showed
distinct clustering; ST 30 had the highest average number of SaPIs per isolate ( 1.75), and ST22 the next
highest at 1.18. Despite representing 10.8% of the total collection, ST5 had relatively few SaPlIs (0.42 per
isolate). Class of SaPl, att site usage, and accessory gene content also varied between ST types. For
example, tsst-1 was found predominantly in SaPls in ST30 strains while sec3 and sell genes encoding
enterotoxins were mainly in ST22 and ST45. A number of putative novel accessory genes were
identified.

Conclusions: This extraordinary diversity of SaPlIs is a major contributor to evolution within S. aureus,
leading to acquisition of novel virulence and antimicrobial resistance genes with differential distribution
amongst different STs.
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Microfluidic single cell extraction protocols.

Natalie Sparks, Josh Quick ORCID iD
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Abstract

Antibiotic resistance is a prominent threat to global health, perpetuated by over-prescription of broad-
spectrum antibiotics. A key contributing factor to this issue is the hinderance of culture-dependent
identification and antimicrobial susceptibility testing within a time-sensitive context. Without case-
specific identification of pathogen and AMR prediction, ineffective antibiotics are often administered
and contributes to the rise of multidrug resistance. As an alternative to this cycle, diagnosis based on
single cell data presents a potential avenue that could provide more information on a faster turnaround.
Droplet microfluidics offers a high throughput technique that allows capture of single cell resolution via
micro-scale partitioning. Here, we present two applications of droplet-based single cell protocols. We
have developed a rapid multiple displacement amplification, partitioned across picolitre water-in-oil
droplets, building upon the current standards for whole genome amplification. We are also
demonstrating ultra-long extractions from agarose scaffolds suspended within droplets, providing an
alternative approach for samples that are typically sequenced from bead beating extractions.
Developing single cell resolution from long read data provides more information for AMR prediction for
a broad variety of field applications.
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Whole genome sequencing of bloodstream isolates of Staphylococcus aureus
reveals prolonged transmission chains within Neonatal Intensive Care Units
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Abstract

Background: Staphylococcus aureus is one of the commonest agents of nosocomial bacteremia. To
identify potential transmission of this organism, we have completed whole genome sequencing (WGS)
of bloodstream isolates of S. aureus from across Scotland.

Material/methods: 1545 bloodstream isolates of S. aureus from across Scotland from the years 2015 to
2017 were collected. WGS using the lllumina platform was performed for all isolates. Single-nucleotide
polymorphisms (SNPs) in the core genome were identified using SMALT and VarScan software. A
threshold of 50 SNPs or fewer was used to identify highly related strains.

Results: We found 150 pairs of isolates with 50 or fewer pairwise SNP differences. Associated clinical
data identified persistent transmission chains within neonatal intensive care units; we focused on those
within areas where all bloodstream isolates had been collected within the time frame studied. In one
unit over a 20-month period, we discovered 10 neonates with bloodstream S. aureusST30 infection with
fewer than 50 SNP differences. 9 of the isolates were methicillin sensitive; one isolate acquired
methicillin resistance For 8 of these infections the patients had overlapping hospital admissions but for 2
patients there was no overlap, suggesting intermediate carriers of this strain or environmental
contamination. None of these cases were flagged as possible outbreaks. Similar prolonged transmission
chains were found in other neonatal intensive care units.

Conclusions: The high resolution of WGS allowed us to identify previously unsuspected transmission of
S. aureus strains producing bloodstream infection within neonatal intensive care units within Scotland.
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A stable and taxonomy free approach to consolidate microbiome genomic data

John-Paul Wilkins, Chris Creevey

Queen's University Belfast, Belfast, United Kingdom
Abstract

Microbiomes can be studied at genomic levels ranging from single genes/amplicons to community-wide
shotgun metagenomes. The choice for researchers is based on varying advantages and disadvantages of
each, including specificity and cost, but lead to difficulties making direct comparisons between them. To
address this, we have developed a novel barcoding system based on the Life Identification Number (LIN)
framework. It allows the consolidation and integration of multiple levels of microbiome genomic
datasets.

We applied the approach to link metataxonomic and metagenome-assembled genomic data from
ruminant microbiomes and SARS-COV2 sequencing data from clinical samples and wastewater
surveillance programs. Direct comparison between existing studies, that utilise different data generation
approaches, was aided. Stable classification is robust to changes in taxonomy. Inaccuracies and
inconsistencies in reference databases and published studies were bypassed. It is designed to allow the
ongoing incorporation of future data.

The fine-grained resolution of the barcoding approach enhances phylogenetic placement. This provides
a rationale for its use in leveraging the advantages of full genome sequences in large studies where it
would otherwise not be economically viable or practical.
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Cholesterol-dependent activity of dapsone against non-replicating persistent
mycobacteria

Jonathan Cox ORCID iD
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Abstract

One third of the world’s population is estimated to be latently infected with Mycobacterium
tuberculosis. This reservoir of bacteria is largely resistant to antimicrobial treatment that often only
targets actively replicating mycobacteria, with current treatment for latent infection revolving around
inhibiting the resuscitation event rather than preventing or treating latent infection. As a result,
antimicrobials that target latent infection often have little to no activity in vivo. Here we report a
method of in vitro analysis of physiologically relevant non-replicating persistence (NRP) utilising
cholesterol as the sole carbon source, alongside hypoxia as a driver of Mycobacterium bovis BCG into
the NRP state. Using the minimal cholesterol media NRP assay, we have observed an increased state of
in vitro resistance to front-line anti-tubercular compounds. However, following a phenotypic screen of
an approved-drug library, we have identified dapsone as a bactericidal active molecule against
cholesterol-dependent NRP M. bovis BCG. Through an overexpression trial of likely antimicrobial target
enzymes, we have further identified FolP2, a non-functional dihydropteroate synthase homolog, as the
likely target of dapsone under cholesterol-NRP due to a significant increase in bacterial resistance when
overexpressed. These results highlight the possible reason for little in vivo activity seen for current front-
line anti-NRP drugs, and introduces a new methodology for future drug screening as well as a potential
role for dapsone inclusion within the current treatment regime.
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Mycobacterial fluxomics as a powerful tool for measuring metabolism and
identification of drug targets in tuberculosis and leprosy
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