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Summary

At its current rate, the rise of antimicrobial resistant (AMR) infections is predicted to paralyze
our industries and healthcare facilities while becoming the leading global cause of loss of human
life. With limited new antibiotics on the horizon, we need to invest in alternative solutions.
Bacteriophages (phages)- viruses targeting bacteria- offer a powerful alternative approach to
tackle bacterial infections. Despite recent advances in using phages to treat recalcitrant AMR
infections, the field lacks systematic development of phage therapies scalable to different
applications. We propose a Phage Foundry framework to establish metrics for phage
characterization and to fill the knowledge and technological gaps in phage therapeutics.
Coordinated investment in AMR surveillance, sampling, characterization and data sharing
procedures will enable rational exploitation of phages for treatments. A fully realized Phage
Foundry will enhance the sharing of knowledge, technology and viral reagents in an equitable
manner and will accelerate the biobased economy.
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Preamble: Knowledge gaps in AMR

AMR has been a consistently growing global problem and has been called the ‘invisible
pandemic’ (Tacconelli et al., 2018; Mahase, 2019; Knight et al., 2021). Failure to stem the rising
tide of multidrug resistant (MDR) bacterial and fungal pathogens is estimated to have a real
worldwide economic cost running into trillions of USD by severely debilitating agriculture,
dairy, aquaculture, livestock and poultry industries among others, in addition to the tragic human
cost (Executive Office of the President, 2014; O’Neill and Others, 2016; Tacconelli et al., 2018;
(u.s.) and Centers for Disease Control and Prevention (U.S.), 2019). A number of factors
contribute to the selection and spread of antibiotic resistance genes and the known and emerging
microbial pathogens that host them(Buckley et al., 2021) (reviewed in detail earlier (White,
Alekshun and McDermott, 2005; Payne et al., 2007; Chadwick and Goode, 2008; Mayers, 2009;
Fair and Tor, 2014; Holmes et al., 2016; Surette and Wright, 2017; Gotte et al., 2018; Anderson,
Cecchini and Mossialos, 2020; Andersson et al., 2020) ) (Figure 1) for example 1) Misuse of
frontline antibiotics and other antimicrobials, 2) climate-driven niche destruction and induced
migration of host and pathogens, 3) agricultural intensification, 4) increasing environmental
pollution with drugs, industrial chemicals and pesticides, 5) a denser population of humans along
with closer contact with animal reservoirs, and in some places 6) poor public infrastructure.
There is an increasing realization that this rise is not just about the individual fitness of the
resistant strain but the ecology in which it resides(Brockhurst et al., 2019; Andersson et al.,
2020).

Faster dispersal mechanisms among differentially selective reservoirs (Figure 1), rapid
adaptation to new zoonotic hosts, increasing ‘safe passage’ opportunities for horizontal transfer
and recombination of genetic elements carrying resistance genes to non-pathogens, co-occurring
microbial community members that support/trigger transfer of resistance traits and process of
adaptation are all being increasingly recognized as significant elements in the rise of fit and
resistant infectious agents(Palmer and Kishony, 2013; Hu et al., 2016; Andersson et al., 2020;
Antunes, Novais and Peixe, 2020). Many of these adaptations lead to easily spreadable cross-
resistance towards broad as well as narrow spectrum antibiotics without seeming a fitness
tradeoff(Andersson and Hughes, 2010; Palmer and Kishony, 2013; Baym, Stone and Kishony,
2016; Tyers and Wright, 2019). In addition, these same mechanisms are used to adopt or fight
off pesticides, ionophores, fungicides, metals, biocides/disinfectants and diverse xenobiotics
(White, Alekshun and McDermott, 2005; Baker-Austin et al., 2006; Pal et al., 2017; Kampf,
2018; Andersson et al., 2020; Getahun et al., 2020; Knight et al., 2021; Lindell, Zimmermann-
Kogadeeva and Patil, 2022). Indiscriminate use of these agents in agriculture, aquaculture, food
processing and industrial processes has further accelerated the emergence of pathogen variants
displaying cross-resistance to unrelated but clinically important antimicrobials(White, Alekshun
and McDermott, 2005; Davin-Regli and Pages, 2012; Guardabassi and Courvalin, 2019;
Andersson et al., 2020; Elekhnawy et al., 2020; Verweij et al., 2020; Kang et al., 2022).
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To compound these above mentioned challenges, no new class of antibiotics have been brought
to market in the last five decades(Plackett, 2020; Theuretzbacher et al., 2020) . Further,
developing new antibiotics to overcome new mechanisms of antibiotic resistance is
nontrivial(Ardal et al., 2020; OECD and World Health Organization, 2020). It is time-
consuming, expensive and cumbersome to identify such new molecules either from natural
sources or from rational design or screening from synthetic libraries in a short time(Fair and Tor,
2014; Plackett, 2020). The approval process for such new molecules is expensive and often may
take longer than the adaptation times of the pathogens(Ardal et al., 2020). Recently developed
programs are helping defray some of these costs and establishing new routes to fund the research
and development of novel therapeutics(Alm and Gallant, 2020; Ardal et al., 2020).

One of the critical piece in responding effectively to rising AMR is to build the capability to
rapidly detect -when and where-from a particular pathogen variant emerges so that the
mechanisms that have allowed its emergence can be identified and the appropriate strategy can
be applied with respect to where to intervene (patient, animal and abiotic pools) and with which
agent(s)(Boolchandani, D’Souza and Dantas, 2019). This requires improved infrastructure and
appropriate policy changes for establishing surveillance networks at the regional, national and
global levels(Fauci, 2001). In this regard, One Health initiative offers a well-coordinated
approach to elucidate and control the rise of AMR through specifically respecting the
interconnectedness among humans, livestock, pets, wildlife and environmental systems with the
goal of optimal health outcomes for everyone(National Academies of Sciences, Engineering, and
Medicine et al., 2018; Walsh, 2018) (Figure 1). It has also led to the search for combinatorial
therapies and alternative modalities/approaches to control infection/spread of AMR bacteria such
as the use of bacteriophages (i.e. bacterial viruses), obligate parasites that infect and kill specific
bacterial strains(Clatworthy, Pierson and Hung, 2007; Yeh et al., 2009; Villa and Crespo, 2010;
Kim, Lieberman and Kishony, 2014; Baym, Stone and Kishony, 2016; Czaplewski et al., 2016;
Dickey, Cheung and Otto, 2017; Mariathasan and Tan, 2017; Baker et al., 2018; Douafer et al.,
2019; Heselpoth et al., 2019; Tyers and Wright, 2019; Poolman, 2020; Theuretzbacher et al.,
2020; Bottery, Pitchford and Friman, 2021), focus of this opinion piece. We argue below, along
with the international network of sophisticated surveillance programs, we need focused and
federally funded programs to form a critical scaffolding that could support a next generation of
more rationally and mechanistically designed, ecologically understood, and more effectively
manufactured and deployed antibiotics with phage therapy at its core.
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Phage therapy to tackle AMR

Phages represent the most abundant biological entities in nature —tenfold greater than
bacteria(Hendrix et al., 1999). Double stranded DNA (dsDNA) phages can be readily isolated
from the environment and display specificity to their target bacteria(Kutter and Sulakvelidze,
2004). Based on the infection lifestyle, phages are either classified as lytic or temperate. In the
Iytic mode, phage infection leads to delivery of genetic material, lysis of target bacteria and
release of progeny. Temperate phages on the other hand can switch between lysogenic to lytic
cycle based on conditions, where the lysogenic mode leads temperate phage genomes to persist
as prophages integrated on to the target bacterial genomes or exist extrachromosomally. Many
recent reviews have outlined the possible uses and advantages of using phage as a therapeutic
agent(Hagens and Loessner, 2010; Loc-Carrillo and Abedon, 2011; Frampton, Pitman and
Fineran, 2012; Young and Gill, 2015; Koskella and Taylor, 2018; Svircev, Roach and Castle,
2018; Bull, Levin and Molineux, 2019; Gordillo Altamirano and Barr, 2019; Hesse and Adhya,
2019; Kortright et al., 2019; Luong, Salabarria and Roach, 2020; Hatfull, Dedrick and Schooley,
2021, Pirnay, Ferry and Resch, 2021). Detailed discussions on using phages to treat infections in
plants, animals and humans have been put forth in numerous monographs and books (Kutter and
Sulakvelidze, 2004; Sabour and Griffiths, 2010; Hyman and Paul Hyman and Stephen T.
Abedon, 2012; Reinheimer, 2012; Azeredo and Sillankorva, 2017; Jassim and Limoges, 2017,
Gorski, Migdzybrodzki and Borysowski, 2019). Recent successes in using dsDNA phages to
treat antibiotic resistant infection under compassionate use protocols have received much
attention in the western countries despite nearly a century of anecdotal use in other regions of the
eastern world(Kutter et al., 2010; Abedon et al., 2011; Kutter, Kuhl and Abedon, 2015; Kortright
et al., 2019; Hatfull, Dedrick and Schooley, 2021).

Phages have many unigue properties that make them particularly attractive and are increasingly
recognized as potentially transformative agents precisely because they address some of the key
issues mentioned above in the AMR preamble section. Most known MDR pathogens have
known phages that can specifically attack them. Phages tend to be bactericidal rather than
bacteriostatic and those that are temperate can be often converted to a lytic form by rational
genetic manipulation or natural mutant selection(Lenski, 2017b; Dedrick et al., 2019). Phages
are readily identified in the environment through sequencing, and the evolutionary patterns of the
Red-Queen warfare between target pathogen and phages could possibly be tracked via
sequencing as well thereby identifying the genetic bases of the mechanisms of resistance and
counter resistance(Hussain et al., 2021; LeGault et al., 2021). The ability of phages to rapidly
evolve to evade target pathogen resistance can be exploited using in-vitro directed evolution to
‘train’ libraries of phages against panels of targets to create banks of complementary phage
antimicrobial agents for cocktails(Rohde et al., 2018; Burrowes, Molineux and Fralick, 2019;
Abdelsattar et al., 2021; Borin et al., 2021; Eskenazi et al., 2022; Torres-Barceld, Turner and
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Buckling, 2022). The small genomic size of phages enable both full genome synthesis and
possibly ‘booting’ (producing viable phage particles from synthetic DNA) when isolation is
difficult as well as efficient engineering of designed genetic changes(Chan, Kosuri and Endy,
2005; Ando et al., 2015; Pires et al., 2016, 2021; Kilcher et al., 2018; Lemire, Yehl and Lu,
2018; Dunne et al., 2019; Kilcher and Loessner, 2019; Weynberg and Jaschke, 2020; Lenneman
et al., 2021). Designer changes include engineered genetic payloads that increase toxicity,
counteract defenses and potentially suppress horizontal gene transfer of resistance genes by, for
example, degrading the target bacterial genome rapidly (Lu and Collins, 2007; Yosef et al.,
2015, 2017; Barbu, Cady and Hubby, 2016; Dunne et al., 2019; Kilcher and Loessner, 2019;
Yehl et al., 2019; Lenneman et al., 2021). These approaches allow diversification of
antimicrobial targets leading to more effective cocktail design. Phages’ physical form as a
proteinaceous particle allows functional and programmed decoration of its surface that can
confer the ability to penetrate biofilms, better control of in situ targeting, and enhanced
pharmacokinetic (PK) and pharmacodynamic (PD) properties(Dagbrowska, 2019; Dabrowska and
Abedon, 2019). Finally, once created, their synthesis and formulation could prove scalable,
distributable and cost-effective and offer paths to alleviate some of the industrial and regulatory
hurdles associated with other types of antimicrobials (Pelfrene et al., 2016; Malik et al., 2017;
Malik and Resch, 2020; Malik, 2021).

The advantages of phages could be amplified when placed in the One Health ecological
framework(Garvey, 2020) (Figure 1). In a scenario where the new threats involve both bacterial
pathogens and their variants and we want to stem these before they spread widely into our food,
water and health facilities we need to be able to identify and ‘engineer’ effective interventions.
This is not realistically possible using our current antibiotic/antimicrobial arsenal. But with the
natural and unlimited reservoir of phages and their inherent engineerability there is hope to
develop a flexible and nimble platform for production of these targeted antimicrobial agents on
demand(Clokie et al., 2011; Mattila, Ruotsalainen and Jalasvuori, 2015; Pires et al., 2016;
Lenneman et al., 2021).

However, application of phages in therapy and biocontrol present challenges as well, and many
of these challenges share a substantial overlap with AMR knowledge gaps listed in Figure 1.
While there is great progress in the technologies per se for characterizing and engineering
phages, there is still lack of progress in our ability to rationally and predictably design a phage
formulation to effectively eliminate a target pathogen and to ensure it works robustly across the
spectrum of the population variation of a given pathogen in its natural or real world
environmental matrices(Meaden and Koskella, 2013; Young and Gill, 2015; Koskella and
Taylor, 2018; Briissow, 2019; Caflisch, Suh and Patel, 2019; Dabrowska and Abedon, 2019;
Hesse and Adhya, 2019; Kortright et al., 2019; Gorski, Borysowski and Miedzybrodzki, 2020;
Luong, Salabarria and Roach, 2020; Federici, Nobs and Elinav, 2021; Hatfull, Dedrick and
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Schooley, 2021; Pirnay, Ferry and Resch, 2021); For example, despite the recent progress made
in phage-target pathogen matching methods(Henry et al., 2012; Estrella et al., 2016), it remains
difficult to rapidly and economically identify phages/phage-antibiotic combinations to which a
patient’s infections are susceptible or predict which multiple phages in a phage collection
(“phage bank”) may be synergetic (or not) in their antimicrobial activity due to independent
mechanisms of interaction, cross-resistance and infectivity profile with the target
pathogen(Wright et al., 2021; Segall, Roach and Strathdee, 2019; Gu Liu et al., 2020; Al-Anany,
Fatima and Hynes, 2021; Gordillo Altamirano and Barr, 2021; Markwitz et al., 2022; Torres-
Barceld, Turner and Buckling, 2022). There are currently no guidelines for the delivery and
dosing of phages that guarantee access to appropropriate target infection sites in sufficient
numbers so that a self-sustaining replicative cycle can be established. Lack of adequate
knowledge on the phage-bacteria ecology in the therapeutic environment makes it difficult to
assess or predict how variable host environments (dysbiosis or healthy status) and the extended
microbial community impact the therapeutic effect of phages. It still remains a challenge to
design natural phage interventions or engineer natural phages we have on hand to respond to
variations in pathogens or new threats, in natural contexts. Finally, we are only at the early stages
of establishing appropriate environmental surveillance systems that can potentially identify
emerging threats early enough to be able to develop an intervention and to deliver it before an
outbreak becomes epidemic or pandemic.

A number of groups have suggested and reviewed different frameworks, protocols and the
‘desiderata’ for effective phages and phage-based therapies (Loc-Carrillo and Abedon, 2011;
Meaden and Koskella, 2013; Young and Gill, 2015; Pires et al., 2017; Gorski et al., 2018;
Koskella and Taylor, 2018; Philipson et al., 2018; Gibson et al., 2019; Gordillo Altamirano and
Barr, 2019; Hesse and Adhya, 2019; Hyman, 2019; Kortright et al., 2019; Luong et al., 2020;
Luong, Salabarria and Roach, 2020; Yerushalmy et al., 2020; Gelman et al., 2021; Hatfull,
Dedrick and Schooley, 2021; Liu et al., 2021; Nale and Clokie, 2021; Pirnay, Ferry and Resch,
2021; Verbeken and Pirnay, 2022) which span very specific needs such as phage penetration of
biofilms and bacteriocidal activity without release of bacterial toxins upon lysis and very broad
ones such as favorable pharmacokinetics/pharmacodynamics properties and minimization of
impact on target/host microbiome. The technological approaches to achieve these goals largely
exist though there has not been an organized effort to standardize and design interventions
rationally, or establish the infrastructure to collect and exploit the necessary data to apply them
effectively.

Here, we argue that a systematic response to emergence of AMR bacteria can be significantly
augmented if there is increased and coordinated investment in those aspects that enable phages to
be harnessed for therapies in combination with each other i.e., cocktails and/or with classical
antimicrobials. We propose this framework as a coordinated ‘Foundry’, or Federation of
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Foundries, which collaborates with the international AMR infrastructures already in place to
coordinate the sampling, observation and characterization protocols. In this manner, these efforts
can drive the discovery, harnessing and engineering of therapeutic phages in a responsive,
knowledge-building, and cost-effective manner. The Foundry would (1) expand and deepen
surveillance efforts to track pathogens, their genetic variants and phages and resistant/defense
elements; (2) systematize sampling and isolation, and basic characterization of phages along with
target pathogens and other critical community members; and, (3) for cases where there was
sufficient novelty or need, would be equipped for deep molecular characterization and
engineering of environmentally-mediated phage/target interaction through advanced genetics and
Adaptive Laboratory Evolution (ALE). The Foundry would be designed to bring these phages
into increasing readiness for rational deployment as biocontrol agents or pharmaceuticals so that
the time to acceptance by regulatory bodies could be shortened. Formal phage characterization,
readiness level and testing criteria would be a product of this effort. Finally, a fully operational
Phage Foundry will share Phages and bacterial pathogen characterization platforms, engineering
technologies, knowledge-base and characterized phages to researchers world-wide in a fair and
equitable manner. Here we propose the concept of the Phage Foundry and a first version of these
characterization and readiness level specifications stemming from this body.

Raising the readiness level of phage and cocktails for therapies.

Here we define an incremental “Phage-bacteria Characterization Level (PCL)” “scale”
indicating current practices and capabilities needed to achieve each of those levels (Figure 2 and
3). The PCL scale is inspired by the Technology Readiness Levels (TRL) scale developed by
US-NASA and US-DoD that has been adopted widely by diverse industries (Sadin, Povinelli and
Rosen, 1989; Banke, 2010; Straub, 2015; Buchner et al., 2019; Hofmann et al., 2020). Similar to
TRL, the PCL scale provides a set of characterization metrics for a specific set of reagents in the
context of an application and operational environment. Level 1 represents the most basic
characterization needed for using phages in an application while Level 7 represents the highest
level needed to successfully deploy phages for a specific application in a given
scenario/environment. As every biocontrol/therapeutic application has different specifications for
characterization, efficacy, safety, stability, formulation, delivery modes and regulatory
requirements, not all applications need phage-target host interactions characterized at top level.
The appropriate level of characterization for phages depends on their intended application, their
specification, environmental context, and cost and time needed to cross certification tiers. Here
we focus on Level 1 to 5 that represent the core of this categorization roadmap and leave out
Level 6 and 7 since these focus primarily on scale up, manufacturing under Good manufacturing
practices (GMP) and desired clinical/field trials, data collection and characterization to achieve
safety and regulatory certifications. We believe Level 6 and 7 are beyond the scope of this
perspective and separable topics that have been reviewed in detail earlier (Verbeken et al., 2014;
Jassim and Limoges, 2017; Malik et al., 2017; Pirnay et al., 2018; Gabard and Jault, 2019;
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MccCallin et al., 2019; Bretaudeau et al., 2020; Jodo et al., 2021; Liu et al., 2021; Malik, 2021,
Verbeken and Pirnay, 2022). We posit that the standardization and categorization of phage-target
host interaction studies through PCL will help in defining and assessing “phage readiness status”
for an application.The PCL assessment studies will also identify technology gaps in phage
characterization steps, fuel the development of inventory of new technologies, and provide a
framework for open collaboration, knowledge-sharing, and partnerships between academic labs,
private, public-benefit/philanthropic and government entities.

Phage Characterization Level (PCL) 1
At this most basic characterization level, phages are enriched and isolated from an environment

using a diverse panel of target bacterial pathogen strains some of which have been co-isolated
from the same surveillance site assessed by standard plaque assays and isolation procedures(Gill
and Hyman, 2010; Henry et al., 2012; Kauffman and Polz, 2018; Hyman, 2019). This collection
of phages (‘Phage Banks’) and bacteria are then archived and their genomes are sequenced,
assembled and subjected to state-of-the-art functional annotation workflows. Generalized
bioinformatic analysis is then performed to identify toxins, AMR markers, Mobile genetic
elements (MGES), prophages, Pathogenicity islands (PAls), CRISPR systems and phage defense
systems in pathogenic bacteria while identifying toxins, integrases, AMR markers, virulent
genes, Diversity Generating retroelements (DGRs), integrons, CRISPR and Anti-CRISPR (Acr)
systems and transduction genes in phages (Biswas et al., 2016; B. Liu et al., 2019; Ecale Zhou et
al., 2019; McNair et al., 2019; M. Liu et al., 2019; Alcock et al., 2020; Ramsey et al., 2020;
Cook et al., 2021; Li et al., 2021; Nayfach et al., 2021; Roux, Paul, et al., 2021; Tesson et al.,
2021; Wang et al., 2021). In addition to genome sequencing and bioinformatic analysis, host
targeting particles are confirmed via imaging using Transmission electron microscopy (TEM).
This structural information provides valuable information on phage morphology and taxonomy,
arrangement of tail fibers, size and type of phage particle. This information along with genome
sequence allows instant comparison, classification and identification of phage particles and
suitability of phages for downstream applications for eg., temperate vs lytic phages. To obtain
infection cycle parameters such as phage adsorption rate, latent period and burst size, the phage
adsorption curve and one step growth experiments need to be performed on a key panel of target
hosts(Hyman and Abedon, 2009; Henry et al., 2012; Dennehy and Abedon, 2021). These
quantitative parameters help in designing therapies including the timing and dose needed for
efficient control of pathogens in a specific environmental context. In summary, PCL1 provides
basic isolation and characterization of phages and pathogens with genome features contributing
to their characteristics.

Phage Characterization Level (PCL) 2
At this level, a panel of phages from PCL1 are used to perform the phage host-range

determination on a collection of genome-sequenced target bacterial strains co-isolated from the
same infective environment in a diverse set of relevant conditions. Essentially PCL2 provides a
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quick killing matrix, phages-by-target-by-condition, that can be used to assess if there are any
genomic features (including those identified from PCL1) that have predictive value for which
targets can be infected by a given phage. To uncover how particular environments may have
impacted the fitness ‘state’ of the target bacteria at the infection site, a collection of bacterial
strains are used to map fitness landscape in the presence of antibiotics, disinfectants, pesticides,
preservatives, metals, ionophores and biocides (McDonnell and Russell, 1999; White, Alekshun
and McDermott, 2005; Henry et al., 2012; Elekhnawy et al., 2020). As phage infection is
dependent on diverse abiotic factors (Jonczyk et al., 2011; Diaz-Mufioz and Koskella, 2014),
combinatorial phage infectivity assays are performed in different conditions. Basic identification
of the target ‘putative’ receptor for a phage is performed by isolating and sequencing the phage
resistant mutants on a standard model target pathogen(Schwartz, 1980; Nobrega et al., 2018;
Maffei et al., 2021). Assay systems are established for assessing phage infectivity and
accessibility of pathogens in biofilm(Harrison et al., 2010; Azeredo et al., 2017; Pires, Melo and
Azeredo, 2021). To gain specific insights into the response of target pathogen to phage infection
or to understand phage infectivity mode, omics methods (RNAseq, ribosome profiling,
proteomics, metabolomics) are used in one of the assay conditions(Liu et al., 2013; Chevallereau
et al., 2016; Parmar et al., 2017; Howard-Varona et al., 2018). As these omics approaches can
get cost-prohibitive and unscalable to hundreds of samples, specific criteria should be established
for assessing the need for such datasets in a specific application. The adaptive landscape of a
phage is mapped via low throughput ALE experiments(Scanlan et al., 2015; Lenski, 2017a;
Akusobi et al., 2018; Sandberg et al., 2019; Favor et al., 2020; Kering et al., 2020) and new
functions such as altered receptor identification(Meyer et al., 2012) or evolutionary trade-off
traits such as antibiotic sensitivity to phage resistance are evolved (Chan et al., 2016; Chatterjee
et al., 2020; Gurney et al., 2020; Mangalea and Duerkop, 2020; Canfield et al., 2021; Gordillo
Altamirano et al., 2021).

Phage Characterization Level (PCL) 3
At PCL3, high-throughput (HT) genetic tools(Wetmore et al., 2015; Koo et al., 2017; Liu et al.,

2017; Price et al., 2018; Rousset et al., 2018; Mutalik et al., 2019, 2020; Peters et al., 2019;
Rishi et al., 2020; Carim et al., 2021; Rubin et al., 2021) are developed for a genomically diverse
representative target pathogen strain collection that support HT genetic screenings to map
molecular mechanisms of phage sensitivity and resistance. Genome-wide genetic screens are
performed to uncover phage infection determinants including phage receptor discovery(Rousset
et al., 2018; Adler et al., 2020; Chatterjee et al., 2020; Kortright, Chan and Turner, 2020;
Mutalik et al., 2020). These phage-host bacteria characterization platforms are further used to
map out cross-resistance (CR) and collateral sensitivity (CS) trait profiles of phages in addition
to antibiotics, biocides, ionophores, metals, drugs, preservatives and pesticides(Chan et al., 2016;
Allen et al., 2017; Price et al., 2018; Barbosa et al., 2019; Mutalik et al., 2019; Burmeister,
Sullivan and Lenski, 2020; Chatterjee et al., 2020; Gurney et al., 2020; Jiang et al., 2020;
Mangalea and Duerkop, 2020; Altamirano et al., 2021; Canfield et al., 2021; Kever et al., 2021).
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The HT genetic tools developed for target bacterial hosts should also be able to support mapping
of gene essentiality in select phages in the phage banks(Marinelli, Hatfull and Piuri, 2012;
Dedrick et al., 2013; Thomas et al., 2016; Shen et al., 2018; Meeske, Nakandakari-Higa and
Marraffini, 2019; Mageeney et al., 2020; Marino et al., 2020; Vo et al., 2020; Rubin et al.,
2021). Infection efficiency of phages or combination of phages is assessed by designing rational
formulations using genome-wide phage-host interaction datasets including knowledge of
probable phage receptors (Wright et al., 2018, 2019, 2021; Chatterjee et al., 2020; Altamirano et
al., 2021; Canfield et al., 2021). Deeper assessment of phage stability, efficacy, competition and
evolutionary changes within phage cocktails and costs of delaying resistance are carried
out(Tanji et al., 2004; Chan and Abedon, 2012; Chan, Abedon and Loc-Carrillo, 2013; Reyes et
al., 2013; Schmerer, Molineux and Bull, 2014; Wright et al., 2019). The generated datasets are
then used to improve annotations and sensitivity profiles powered with comparative genomics
and experimental data (average nucleotide identity %, phage defenses, infectivity pattern)
analytics. Thus, established data analytic workflows should be able to help in carrying out basic
prediction of phage-antibiotic combinations based on molecular markers(Young and Gill, 2015;
Segall, Roach and Strathdee, 2019; Mutalik et al., 2020).

Phage Characterization Level (PCL) 4
At this step, phage-bacteria interaction, and ‘state’ of the target pathogen (for example, resistance

to antibiotic) characterized in vitro are extended to the ex vivo model to in vivo/in situ/in planta
systems. Specific selection criteria for choosing a most suitable infection model system should
be established that includes the model's complexity, relevance, handling and operational
costs(Alivisatos et al., 2015; Blaser et al., 2016; Douglas, 2018, 2019; Chevrette et al., 2019). A
number of model systems such as Caenorhabditis elegans, Galleria mellonella, Drosophila
melanogaster, zebrafish and mouse models, organoids and organs-on-chip for in vivo
studies(Bulitta et al., 2019; Brix et al., 2020; Aguilar et al., 2021; Cieslik et al., 2021; Penziner,
Schooley and Pride, 2021), while Fabricated Ecosystems (EcoFAB and EcoPODs) for intensive
field-scale monitoring of phage-target pathogen-host interactions are brought on-board
(Buttimer et al., 2017; Koskella and Taylor, 2018; Zengler et al., 2019). These model systems
are useful to quantitatively assess efficacy of phages, phage cocktails and phage-antibiotic,
pesticide, biocides, ionophores or metal combinations. The impact of phage resistance on target
pathogen virulence and fitness are measured. Assessment of phage safety, toxicity and stability
are performed along with tests for cross-reactivity, antigenicity, immunomodulation, persistence
and impact on environment to define optimal treatment parameters under the conditions of
intended use(Balogh et al., 2010; Chan, Abedon and Loc-Carrillo, 2013; McCallin et al., 2018;
Hernandez and Koskella, 2019; Jault et al., 2019; Wang et al., 2019; Liu et al., 2021; Nale and
Clokie, 2021; Popescu et al., 2021). Rapid ALE experimental platforms are established to carry
out phage training against new conditions, host variants, link genotype-phenotype relationships
and coevolution of phages and host to uncover allelic level specificity (for example, see refs
(Burrowes, Molineux and Fralick, 2019; Favor et al., 2020; Russ et al., 2020; Abdelsattar et al.,
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2021; Borin et al., 2021; Eskenazi et al., 2022; Torres-Barceld, Turner and Buckling, 2022)).
Experiments are carried out to identify biomolecular substructures within a panel of bacterial
hosts leading to interaction among different combinations of phages and antibiotic to better
predict CR/CS and evolutionary traps(Pal, Papp and L&zar, 2015; Scanlan, Buckling and Hall,
2015; Imamovic et al., 2018; Scortti et al., 2018; Burmeister and Turner, 2020; Maltas, Krasnick
and Wood, 2020; Mangalea and Duerkop, 2020).This information further feeds into designing
rational phage-antimicrobial cocktail formulations and also aids in creating rationally designed
phage variants of substructures such as tail fibers targeting novel host variants. This PCL4 will
also have established a phage engineering platform (Jaschke et al., 2012; Pires et al., 2016;
Kilcher and Loessner, 2019; Lenneman et al., 2021; Wetzel et al., 2021; Guan et al., 2022) that
is amenable to seamless functional trait engineering in phages and phage-tail like particles(Scholl
et al., 2009; Ghequire and De Mot, 2015; Hockett, Renner and Baltrus, 2015; Scholl, 2017;
Heselpoth et al., 2019; Carim et al., 2021; Heiman et al., 2022) to enhance efficacy in an
increasingly realistic environment.

Phage Characterization Level (PCL) 5
At PCL5, phages, antibiotic or combination of interventions are applied to the infection host

model/environment, different microbiome level outputs of such perturbations for example,
community abundance, shifts, activation and transfer of MGEs, and if possible strain and gene-
level variations are mapped in a reproducible manner(Cobian Giemes et al., 2019; Nelson et al.,
2019; Wang et al., 2019; Whelan et al., 2020). The model host phenotypes are used to design
and predict new antimicrobial combinations. Phages, target bacteria, host and microbiome
genotype-phenotype dataset are mapped to ecological variants, phage PD/PK, host physiology,
phage infection kinetics, in vivo/ex vivo pathogen dispersal and infection, and immunological
effects(Bevivino et al., 2019; Wang et al., 2019). The development and extension of genetic
tools in phages will open up opportunities for further phage engineering and fine tuning
functional traits(Chan, Kosuri and Endy, 2005; Lu and Collins, 2007; Ando et al., 2015; Nobrega
et al., 2016; Kilcher et al., 2018; Kilcher and Loessner, 2019; Huss and Raman, 2020; Guan et
al., 2022) in PCL5. Extension of phage engineering platform is used to barcode PCL5 phages
that enables rapid and efficient identification, tracking and quantification in complex
environmental contexts. Seamless phage engineering is possible at this stage where landing pads
are created on phage genomes for incorporation of payloads such as CRISPR systems,
engineered diversity generating retroelements, phage growth promoting factors, and anti-phage
resistance traits. Phage engineering to program biocontainment and design onset of timing,
release and lysis of the host cell in an environmental context is possible. Criteria should be
established for “scoring” each phage formulation, phage cocktails and phage-antibiotic
combination with efficacy metrics.
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A Phage Foundry for knowledge-based intervention.

Our proposal for a Foundry (Figure 4) is meant to solve a central challenge in harnessing the
advantages of phages for treating AMR infection- developing sufficient knowledge to rapidly
“predict” when different phages will be effective in treatment of a given infection in a
complementary manner or how to quickly and rationally modify phage formulations to attack the
evolved pathogen. While the universe of phage-target interaction mechanisms is large, it is
constrained as the interactions with the host and environment and basic principles and
mechanisms of specificity, susceptibility and evolution have begun to emerge. However, the data
and experiments remain largely disorganized, anecdotal and poorly cross-comparable. We need
efforts to (1) systematize observations of phage-pathogen interactions in the environments of
relevance; (2) standardize the characterization workflows based on specification of the
application and (3) share physiological and genetic information of
phages/target/host/environment interactions to build the knowledgebase for predictable
engineering of phage therapies to address the threat of AMR microbes. Scaling these
technologies in a One-Health approach to diverse high priority pathogens listed in Figure 1
would need committed resources, expertise and funding. The scale of such an endeavor would
need a Phage Foundry program (Figure 4) that leverages on-going efforts for (a) coordinated
response to AMR to produce critical observational data, (b) collect and characterize natural
reagents (phages and targets) from environmental and patient samples and (c) define a set of
standardized operations that can be performed by any number of collaborative partners to drive
phage characterization and engineering into therapies.

Here we highlight five main ‘activities’ that would aid the development of standardized and
quality-controlled procedures for their operation when the, possibly distributed but federated,
Phage Foundry is fully operational (Figure 4): 1) The Phage Reservoir Surveillance Program
(PRSP) which augments current efforts to identify pathogens by adding identification of their
phage predators; 2) The Phage Ecological Observatory (PEO) which deploys broader functional
metagenomics in key areas to understand the ecology of pathogens, phages and resistant
elements to detect new sequence-based patterns and mechanisms of resistance, uncover broader
ecological impact of ‘treatments’ and produce diagnostics to aid in therapy; 3) The Phage and
Microbial Characterization Facility (PMCF) aimed at determining the mechanisms by which
phage and their targets interact and evade each other’s defenses and how these impact fitness in
different environments; 4) The Antimicrobial Engineering Facility (AEF) which uses the
knowledge from the other components to engineer phages and combination formulations of
phages, classical antibiotics and adjuvants for therapies; and finally 5) The Phage Foundry
Knowledgebase (PFK) serving as the knowledge-base of the entire operation itself. The PFK
would serve as a central clearing house of knowledge about the biogeography, clinical
presentation, and molecular characterization of phage-therapy relevant information. This in turn,
would provide substrate for Foundry teams to decide that a particular phages/pathogen pair
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required deeper characterization or are ready for specific engineering or formulation for a
specific therapy application. As such, the Phage Foundry is a unique cross-cutting resource and
research facility, that will develop tools and technologies for large-scale screening, design,
characterization and engineering of phages and phage-like elements and translate these efforts
into a service-based operation to support the individual research programs and transform phage
therapeutics worldwide. However, each of the components above has its own unique specific
challenges.

The Phage Reservoir Surveillance Program (PRSP): The PRSP is the frontline for identifying
the phages from diverse reservoirs (and create target specific ‘Phage Banks”) and also those that
are co-occurring and thus likely predatory upon pathogens detected by allied surveillance
programs. The current infrastructure for surveillance of AMR varies from region to region but in
2015 the World Health Organization established the Global Antimicrobial Resistance and Use
Surveillance System (GLASS) to coordinate a comprehensive tracking of antibiotics
consumption and cases of antimicrobial resistance based on coordinated public health and
clinical reporting. Increasingly sophisticated surveillance networks have been set up in other
parts of the world(Berendonk et al., 2015; Timme, Leon and Allard, 2019; Diallo et al., 2020). In
the U.S., GLASS system is complemented by other programs for surveillance of agricultural and
food borne infection associated pathogens such as Genome-TRACKR, National Antimicrobial
Resistance Monitoring System (NARMS) and Food borne diseases active surveillance network
(FoodNet) so that a broader view of the web of transmission and a better database of the
molecular signatures linked to environment, virulence, AMR phenotype, and outcome can be
constructed. These data are increasingly used in both the design and the formulation of
intervention using current antibiotics at local and more general levels; retrospectively analyzing
the efficacy of these interventions; and identifying emergence of novel threats. These bodies set
important standards for when and where to sample, isolate and characterize pathogens. A key
recent addition to the GLASS network is establishment of GLASS-One Health which recognizes
that cross-source sampling could identify the emergence and spread of AMR pathogens and
facilitate a more rapid response(Organization and Others, 2021). Focused on extended-spectrum
beta-lactamase producing E. coli, this organization surveys human samples, poultry, sewage,
runoff and river sites in urban areas which are known sources of these organisms and where
interactions are known to facilitate their spread. Some member nations employ whole genome
sequencing after isolation of target pathogens to deepen the molecular knowledge of the targets.

The PRSP would augment these efforts by aiming to co-isolate phages from the same sources
from which pathogens are identified and establishing front-line characterization of isolated
pathogen susceptibility to phages and basic phage sequencing. Isolation and phage banking
would be other critical elements supporting both efforts since it is critical to use co-observed
sequences and resistance patterns to both phages and antibiotics to track the identity and spread
of resistance elements (Figure 4). Novel pairings or molecular signatures would trigger specific
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transfer to the Phages and Microbial Characterization Facility (PMCF) and perhaps deeper
investigation by the Phage Ecological Observatory (PEO). Efforts by the PRSP bring phages to
PCL Level 1.

The Phage Ecological Observatory (PEO): The PEO mission (Figure 4) is to 1) characterize
the broader ecology in which the target pathogen and phages are found; 2) assess the population
variation of the target and phages; 3) study the dispersal of resistance elements and their mobile
carriers, and 4) catalog other members of the microbiome and environment that might mediate
the impact of the pathogen and its treatment. This would be a largely functional metagenomic
effort with some precise environmental measurements depending on the environment to track
population composition, activity and dynamics before, during and after treatment in some cases.
As an augmentation of the PRSP, PEO would provide longitudinal data about the rise and fall of
new infectious agents, their viral predators and resistance elements(Hussain et al., 2021; LeGault
et al., 2021). With the Knowledge-base, PEO would develop predictive signatures to mark their
spread. Any novel sequence elements or uncultivated phages identified in the PEO could be
passed to the PMCF for synthesis and characterization. When PEO infrastructure is used to track
the effects of therapeutic (or preventative) intervention, the results could be used by the
Knowledge-base and Antimicrobial Engineering Facility (AEF) to diagnose failures and design
more effective interventions. Because of the fastidious nature of functional metagenomic
analysis it is critical that methods for sample processing and analysis are standardized across the
facility members. The criteria and choice of where and when to implement observations is
complex due to the cost of these analyses, but critical known reservoirs should likely have
observatories with both regular and event (infection/outbreak) driven sampling schedules. The
use of the observatories for interventional studies (e.g. during and after treatment) would be on a
case-by-case basis. The PEO produces information for PCL levels 4 and 5.

The Phage and Microbial Characterization Facility (PMCF). The PMCF is an ensemble of
many different methods and platform technologies for discovering and characterizing the
mechanisms of interaction between phages and target bacteria and how their variation leads to
differences in both susceptibility and general fitness in diverse conditions (Figure 4). It is also
where general technologies for phage manipulation and engineering may be developed as these
are often necessary during the characterization stage. Standards for measurements, test
environments, data representation, analysis and quality assessment would be set by a PMCF
coordinating body. While there is a great deal of legacy work to do to characterize known
phages/target interactions in standardized, comprehensive ways, the choice to characterize a
novel phages and/bacterial host using one or more of the PMCF facilities would depend on the
novelty of the organisms and/or surprises in the first-line characterization of the target. The
Phage Foundry team would coordinate prioritization and characterization efforts for both legacy
and novel pairs so that the most urgent needs would be addressed and the PMK would have
maximal coverage of the high-priority systems. The fundamental goal of the PMCF is to: 1)
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create a molecular map of the interactions of phage elements with host elements- such as
between tail-fibers and surface receptors, or phage defense and anti-defense systems- so that it is
both possible to predict these interactions in new phages/target pairs and to engineer molecular
variations in phages to respond to target variations more generally. 2) develop HT approaches for
ALE/phage training for designing and optimizing treatment parameters under the conditions of
the intended use. 3) establish diverse infection simulation model systems, 4) characterization of
phages and antimicrobial cocktail efficacy, safety, stability, cross-reactivity, resistance, cross-
antigenicity and immunomodulation capabilities, and 5) map the condition dependent fitness
effect of interactions so that their efficacy in therapeutic conditions can be better predicted as
data accumulates and 6) identify and target mechanisms that trade-off fitness under
antibiotic/antimicrobial pressure for use by the AEF. In essence, PMCEF serves as the core facility
that generates characterization data package for phages and its combinations to establish a “data
sheet” for each therapeutic phages something similar to the synthetic biology chassis (Arkin,
2008; Canton, Labno and Endy, 2008) or a “master file” (Fauconnier, 2017) detailing
characterization methods/protocols, associated datasets, processes, facilities including
manufacturing, downstream processing, formulation, packaging and storage guidelines. The
PMCEF is aimed at PCLs 2,3 and 4.

The Antimicrobial Engineering Facility (AEF): The AEF mission (Figure 4) is to develop the
technology and the practice of engineering phages (when necessary) and composing cocktails of
phages and other antibiotic/antimicrobial elements to treat a newly identified infection. Utilizing
the reagents from the PRSF and PMCF and information from all other facilities routed through
the PFK, AEF labs would seek to develop critical phage as platforms for flexible design and
engineering; develop general and specialized payloads for evading phage defenses, allowing
penetration of recalcitrant biofilms, preventing mobilization/transduction of resistance elements
after infection, and engineering to generate toxic by-products to efficiently Kill the target bacteria
among other things. The AEF would use the initial knowledge from the PMCF to design
cocktails and dosing schedules of phages and other antimicrobials expected to have synergistic
effects which also prevent adaptation by forcing fitness trade-offs in the target during resistance
generation. The AEF would also develop methods with the PEO for identifying high priority
pathogen-associated phages that had not been isolated by the PRSF, obtaining high quality
genomes, and ‘booting’ these in the laboratory for use in therapy (and characterization in the
PMCEF). Member labs, industry and hospitals partners would collaborate with the PEO to track
treatment effects in patients/target environments so that the efficacy and persistence of their
treatment could be quantified and possible mechanisms of success and failure discovered to aid
in future design. The AEF is aimed at PCLs 4 and 5.

The Phage Foundry Knowledgebase (PEK): The PFK (Figure 4) would be the central clearing
house for data obtained from the other Foundry facilities and dedicated to the development of
tools for integration and analysis of this information to aid in 1) phage functional annotation and
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engineering; 2) functional traits database for engineering projects; 3) approaches for phage-
therapy relevant diagnostic analysis that suggest which mechanisms and phages would be
starting platforms for attack of a new infection; and 4) therapeutic design and diagnosis tools to
drive design and optimization and therapeutic cocktails and to track their effects after
administration. The PFK system could be built in collaboration with and using existing
elements, largely open, frameworks such as Patric(Davis et al., 2020), iVirus(Bolduc et al.,
2017), iMicrobe(Youens-Clark et al., 2019), KBase(Arkin et al., 2018), NMDC(Eloe-Fadrosh et
al., 2021) and IMG/VR(Roux, Paez-Espino, et al., 2021) thereby bringing these pre-existing
teams and their user relevant communities together towards a common goal. These frameworks
already encode tools directed at understanding target-phage interactions, effective genome
annotation and primitive engineering tools. Open, Findable, Accessible, Interoperable and
Reusable (FAIR) data(Wilkinson et al., 2016) and software practice would both drive good
hygiene in the allied Foundry facilities and provide a way for the broader community to build
upon and add to the Foundry’s work effectively in the format of virtual “phage datasheet” or
“phage masterfile”. The AEF is aimed at PCLs 3, 4 and 5.

The Foundry does not have to be staged all at once but can be brought online by prioritizing
critical development and partnerships. For example, the PRSF could pilot initial collaborations
between the existing surveillance infrastructures and the needs of a Phage Foundry through
coordinated sampling and new isolation, sequencing and susceptibility testing efforts.
Specifically, handling of bioterrorism agents along with some of the urgent and emerging AMR
threats require special facilities, expertise and may need to partner with established biosafety
level (BSL)-2 and BSL-3 laboratories. Ensuring that computational teams build relevant
infrastructure for knowledge storage and generation such as those mentioned above would set the
stage for the PFK with modest investment. Prioritizing specific pathogens for phage-based
treatment would allow pilot characterization and therapeutic design programs to be tested and
these too could be directed toward use and deposition in the appropriate open computational
infrastructure. A community building effort around these programs could help refine and mature
this vision and gain buy-in internationally. The Foundry ‘community’ would become a hub
interfacing with different facility ecosystems internationally including industry, public health
organizations, hospitals, farmers, food manufacturers and other government agencies (for
example, US National strategic stockpile (see below)).

Limitations of the framework

Our proposed PCL framework provides a pathway for assessing whether phages or a
phage/antimicrobial cocktail formulation has been incrementally characterized in accordance to
its end use. Like the classical TRL framework(Olechowski et al., 2020), our PCL framework
helps in planning, and making strategic, investment and management decisions; however, it does
suffer from lack of clarity at level-interfaces and outputs. For example, one of the key limitations
of the PCL framework is that it does not provide any information about the “effort-to-progress”
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such as labor, time, resources and cost required for achieving subsequent PCL certification.
Similarly, it does not provide the information needed for critical thinking or risk assessment of
the therapy, even though the framework may play a part in that decision making process. For
making decisions using the PCL framework, we need to have a set of criteria that can be defined
as specifically as possible at the industry level or product-type level (for example, intended use
of phages as a biocontrol in agriculture or therapy in human health). That is, not all of the
components of the proposed PCLs are ‘required to meet’ prior to the clinical application of a
phages. For example, we may not need to know the precise receptor/anti-receptors involved or
the results of ribosome profiling before using phage clinically in an urgent need scenario.
Though phage engineering may seem like an inevitable end point in our proposition of
framework, we think of engineered phages as an important but optional terminal step in therapy
and foundation research. The use and directed evolution of naturally occurring phages will likely
continue to provide a cost-effective alternative model as needed. We expect the PCL framework,
definitions and standards to evolve as the Foundries and clinics collect data and mature over
time. Finally, developing new technologies for PCL assessments can become resource intensive
and may have dependencies on other technologies. We believe such challenges can be resolved
by developing a network of one-stop-shop centralized facilities that assess diverse technologies
developed world-wide and define a set of criteria to bring them on-board. We believe
establishing the Phage Foundry offers a solution to address some of these technology interface
challenges and help in quantifying effort-to-progress and uncertainty in the characterization
pipeline by collective expertise and experience. As different countries/regulatory agencies have
different specifications or requirements for every application/product entering into the market,
we envision a close alliance between Phage Foundries around the world(Weynberg and Jaschke,
2020) as established in the biomanufacturing field(Hillson et al., 2019).

A call for global action

In light of the COVID-19 pandemic, infectious diseases have again become the focal point of our
attention(‘ Antimicrobial resistance in the age of COVID-19’, 2020; Murray et al., 2022).
Unfortunately, the pervasiveness and gravity of AMR infections is nothing new — MDR
microbes are urgent global threats, endangering agriculture, dairy, aquaculture, livestock,
poultry, food and health industries worldwide(of America (IDSA), 2011). While the cost of
inaction is widely acknowledged, free-market solutions appear constrained by economics and
unlikely to meet the challenge posed by MDR microbes(Plackett, 2020). Programs such as
Global Antibiotic Research and Development Partnership or GARDP, and Combating
Antibiotic-Resistant bacteria CARB-X initiative have been initiated to defray these costs and
better fund the research into the development of novel or improved therapeutics(Alm and
Gallant, 2020; Theuretzbacher et al., 2020; Miethke et al., 2021). Along with the surveillance
programs, we argue these programs form a critical scaffolding that could support a next
generation of more rationally and mechanistically designed, ecologically understood, and more
effectively manufactured and deployed antibiotics with phage technology at its core.
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Some of the priority pathogens listed in Figure 1 have been shown to be untreatable with
currently available therapies and urgently need a focused effort to develop alternative
treatments(Tacconelli et al., 2018). This need is especially acute from a national biosecurity
point of view, as we need to be better equipped to counter an incidence of natural or intentional
release of MDR pathogens including antimicrobial resistant bioterrorism agents into our food,
dairy and meat processing facilities, water supply or healthcare facilities(Fauci, 2001; Weigel
and Morse, 2009; National Academies of Sciences, Engineering, and Medicine et al., 2019). For
example, though the US Strategic National Stockpile contains >$7 billions worth of emergency
supplies(Board on Health Sciences Policy, Health and Medicine Division and National
Academies of Sciences, Engineering, and Medicine, 2016) including antibiotics, vaccines and
medicines to address any all-hazard mass casualty in any part of the USA, it may not have
readily available antibiotic-alternative solutions that are scalable and rapidly deployable to
address unseen national MDR emergencies(Weigel and Morse, 2009; of Health, Services and
Others, 2015; Gerstein, 2020). As an adjuvant/alternative treatment to antibiotics, phage therapy
has the capability to be scaled globally and deployed via ‘just-in-time’ manufacturing(Cheng and
Podolsky, 1996; 2012 HHS Public Health Emergency Medical Countermeasures Enterprise
(PHEMCE) Implementation Plan, 2012) as new infections emerge. Though policy discussions
around solving AMR(of America (IDSA), 2011; Handfield et al., 2020) are beyond the scope of
this article, our PCL framework and Phage Foundry approach presented here address the needed
innovations to fill the knowledge and technological gaps to meet this grand goal. We believe a
fully realized Phage Foundry will provide a unifying platform for generating and sharing
knowledge, technology and phage reagents to the broader research community in public and
private institutions in a fair and equitable manner. We envision the Phage Foundry will
accelerate the biobased economy in the long run with innovations in phage-based AMR bacterial
diagnostics, phage-based microbiome intervention strategies, phage-based vaccine discovery and
development, biocontainment strategies for the bioproduction industry, development of next
generation molecular biology reagents, phage-based biopesticides and in addition enable phage-
resistant starter culture engineering in food and dairy industry. The scale and scope of this
endeavor including the research and development needed for countering top pathogens across
diverse contexts and industries (shown in Figure 1) is huge but urgently needed. This grand goal
will have to be supported with longer-term investments from diverse federal funding agencies
with stronger public-private and philanthropic entity partnerships led with collaborative,
multisectoral and transdisciplinary teams across the world.

Acknowledgments

The authors thank Shanmuga Sozhamannan (LMI), Britt Koskella (UC Berkeley), Simon Roux
(Joint Genome Institute, LBNL), Rob McBride (Felix Biotechnology Inc) and Yolanda Huang
(LBNL) for reviewing this manuscript. We apologize to the authors whose work could not be
cited due to space constraints. All figures were created with BioRender.com. This work was

18


https://paperpile.com/c/MFyXcB/ARjG1
https://paperpile.com/c/MFyXcB/ARjG1
https://paperpile.com/c/MFyXcB/ARjG1
https://paperpile.com/c/MFyXcB/7IaQc+3WGn7+5B49
https://paperpile.com/c/MFyXcB/7IaQc+3WGn7+5B49
https://paperpile.com/c/MFyXcB/7IaQc+3WGn7+5B49
https://paperpile.com/c/MFyXcB/7IaQc+3WGn7+5B49
https://paperpile.com/c/MFyXcB/og9iW
https://paperpile.com/c/MFyXcB/og9iW
https://paperpile.com/c/MFyXcB/7n3rQ+N3o3T+5B49
https://paperpile.com/c/MFyXcB/7n3rQ+N3o3T+5B49
https://paperpile.com/c/MFyXcB/JCG5d+kE75p
https://paperpile.com/c/MFyXcB/JCG5d+kE75p
https://paperpile.com/c/MFyXcB/JCG5d+kE75p
https://paperpile.com/c/MFyXcB/JCG5d+kE75p
https://paperpile.com/c/MFyXcB/JCG5d+kE75p
https://paperpile.com/c/MFyXcB/Bx5s+eTXb
https://paperpile.com/c/MFyXcB/Bx5s+eTXb
https://paperpile.com/c/MFyXcB/Bx5s+eTXb

699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717

718
719

720
721

722
723

724
725

726
727

728
729
730

731
732

733
734

735
736

funded by the Microbiology Program of the Innovative Genomics Institute (IGI), Berkeley. This
research was supported by the DOE Office of Science through the National Virtual
Biotechnology Laboratory, a consortium of DOE national laboratories focused on response to
COVID-19, with funding provided by the Coronavirus CARES Act. This material by ENIGMA-
Ecosystems and Networks Integrated with Genes and Molecular  Assemblies
(http://enigma.lbl.gov), a Science Focus Area Program at Lawrence Berkeley National
Laboratory is based upon work supported by the U.S. Department of Energy, Office of Science,
Office of Biological & Environmental Research under contract number DE-AC02-05CH11231.
V.K.M also acknowledges support by the Laboratory Directed Research and Development
Program of Lawrence Berkeley National Laboratory under U.S. Department of Energy Contract
No. DE-AC02-05CH11231.

Competing Interests
V.K.M. is a co-founder of Felix Biotechnology. APA is a co-founder of Boost Biomes and Felix
Biotechnology. APA is a shareholder in and advisor to Nutcracker Therapeutics.

References:

2012 HHS Public Health Emergency Medical Countermeasures Enterprise (PHEMCE)
Implementation Plan (2012). U.S. Department of Health and Human Services.

Abdelsattar, A. et al. (2021) ‘How to Train Your Phage: The Recent Efforts in Phage Training’,
Biologics, pp. 70-88. doi:10.3390/biologics1020005.

Abedon, S.T. et al. (2011) ‘Phage treatment of human infections’, Bacteriophage, 1(2), pp. 66—
85.

Adler, B. et al. (2020) ‘The Genetic Basis of phage susceptibility, cross-resistance and host-
range in Salmonella’. doi:10.1101/2020.04.27.058388.

Aguilar, C. et al. (2021) ‘Organoids as host models for infection biology - a review of methods’,
Experimental & molecular medicine, 53(10), pp. 1471-1482.

Akusobi, C. et al. (2018) ‘Parallel Evolution of Host-Attachment Proteins in Phage PP0O1
Populations Adapting to Escherichia coli O157:H7’, Pharmaceuticals, p. 60.
doi:10.3390/ph11020060.

Al-Anany, A.M., Fatima, R. and Hynes, A.P. (2021) ‘Temperate phage-antibiotic synergy
eradicates bacteria through depletion of lysogens’, Cell reports, 35(8), p. 109172.

Alcock, B.P. et al. (2020) ‘CARD 2020: antibiotic resistome surveillance with the comprehensive
antibiotic resistance database’, Nucleic acids research, 48(D1), pp. D517-D525.

Alivisatos, A.P. et al. (2015) ‘MICROBIOME. A unified initiative to harness Earth’s microbiomes’,
Science, 350(6260), pp. 507-508.

19


http://enigma.lbl.gov/
http://paperpile.com/b/MFyXcB/kE75p
http://paperpile.com/b/MFyXcB/kE75p
http://paperpile.com/b/MFyXcB/kE75p
http://paperpile.com/b/MFyXcB/Gvgi
http://paperpile.com/b/MFyXcB/Gvgi
http://paperpile.com/b/MFyXcB/Gvgi
http://paperpile.com/b/MFyXcB/Gvgi
http://paperpile.com/b/MFyXcB/Gvgi
http://paperpile.com/b/MFyXcB/Gvgi
http://dx.doi.org/10.3390/biologics1020005
http://dx.doi.org/10.3390/biologics1020005
http://paperpile.com/b/MFyXcB/FOFuN
http://paperpile.com/b/MFyXcB/FOFuN
http://paperpile.com/b/MFyXcB/FOFuN
http://paperpile.com/b/MFyXcB/FOFuN
http://paperpile.com/b/MFyXcB/FOFuN
http://paperpile.com/b/MFyXcB/FOFuN
http://paperpile.com/b/MFyXcB/nO7av
http://paperpile.com/b/MFyXcB/nO7av
http://paperpile.com/b/MFyXcB/nO7av
http://paperpile.com/b/MFyXcB/nO7av
http://dx.doi.org/10.1101/2020.04.27.058388
http://dx.doi.org/10.1101/2020.04.27.058388
http://paperpile.com/b/MFyXcB/1zdbQ
http://paperpile.com/b/MFyXcB/1zdbQ
http://paperpile.com/b/MFyXcB/1zdbQ
http://paperpile.com/b/MFyXcB/1zdbQ
http://paperpile.com/b/MFyXcB/1zdbQ
http://paperpile.com/b/MFyXcB/1zdbQ
http://paperpile.com/b/MFyXcB/o2prD
http://paperpile.com/b/MFyXcB/o2prD
http://paperpile.com/b/MFyXcB/o2prD
http://paperpile.com/b/MFyXcB/o2prD
http://paperpile.com/b/MFyXcB/o2prD
http://paperpile.com/b/MFyXcB/o2prD
http://paperpile.com/b/MFyXcB/o2prD
http://paperpile.com/b/MFyXcB/o2prD
http://paperpile.com/b/MFyXcB/o2prD
http://paperpile.com/b/MFyXcB/6VqNM
http://paperpile.com/b/MFyXcB/6VqNM
http://paperpile.com/b/MFyXcB/6VqNM
http://paperpile.com/b/MFyXcB/6VqNM
http://paperpile.com/b/MFyXcB/xQfgS
http://paperpile.com/b/MFyXcB/xQfgS
http://paperpile.com/b/MFyXcB/xQfgS
http://paperpile.com/b/MFyXcB/xQfgS
http://paperpile.com/b/MFyXcB/xQfgS
http://paperpile.com/b/MFyXcB/xQfgS
http://paperpile.com/b/MFyXcB/ZraXN
http://paperpile.com/b/MFyXcB/ZraXN
http://paperpile.com/b/MFyXcB/ZraXN
http://paperpile.com/b/MFyXcB/ZraXN
http://paperpile.com/b/MFyXcB/ZraXN
http://paperpile.com/b/MFyXcB/ZraXN

737
738

739
740

741
742

743
744
745

746
747

748
749

750
751

752
753

754

755
756

757
758

759

760
761

762
763

764

765
766

767
768

769
770

Allen, R.C. et al. (2017) ‘Associations among Antibiotic and Phage Resistance Phenotypes in
Natural and Clinical Escherichia coli Isolates’, mBio, 8(5). doi:10.1128/mBi0.01341-17.

Alm, R.A. and Gallant, K. (2020) ‘Innovation in Antimicrobial Resistance: The CARB-X
Perspective’, ACS infectious diseases, 6(6), pp. 1317-1322.

Altamirano, F.G. et al. (2021) ‘Bacteriophage-resistant Acinetobacter baumannii are
resensitized to antimicrobials’, Nature Microbiology, pp. 1-5.

of America (IDSA), 1.D.S. (2011) ‘Combating antimicrobial resistance: policy recommendations
to save lives’, Clinical infectious diseases: an official publication of the Infectious Diseases
Society of America, 52(suppl_5), pp. S397-S428.

Anderson, M., Cecchini, M. and Mossialos, E. (2020) Challenges to Tackling Antimicrobial
Resistance: Economic and Policy Responses. Cambridge University Press.

Andersson, D.I. et al. (2020) ‘Antibiotic resistance: turning evolutionary principles into clinical
reality’, FEMS microbiology reviews, 44(2), pp. 171-188.

Andersson, D.I. and Hughes, D. (2010) ‘Antibiotic resistance and its cost: is it possible to
reverse resistance?’, Nature reviews. Microbiology, 8(4), pp. 260-271.

Ando, H. et al. (2015) ‘Engineering Modular Viral Scaffolds for Targeted Bacterial Population
Editing’, Cell systems, 1(3), pp. 187-196.

‘Antimicrobial resistance in the age of COVID-19’ (2020) Nature microbiology, p. 779.

Antunes, P., Novais, C. and Peixe, L. (2020) ‘Food-to-Humans Bacterial Transmission’,
Microbiology spectrum, 8(1). doi:10.1128/microbiolspec.MTBP-0019-2016.

Ardal, C. et al. (2020) ‘Antibiotic development - economic, regulatory and societal challenges’,
Nature reviews. Microbiology, 18(5), pp. 267-274.

Arkin, A. (2008) ‘Setting the standard in synthetic biology’, Nature biotechnology, pp. 771-774.

Arkin, A.P. et al. (2018) ‘KBase: The United States Department of Energy Systems Biology
Knowledgebase’, Nature biotechnology, 36(7), pp. 566-569.

Azeredo, J. et al. (2017) ‘Critical review on biofilm methods’, Critical reviews in microbiology,
43(3), pp. 313-351.

Azeredo, J. and Sillankorva, S. (2017) Bacteriophage Therapy: From Lab to Clinical Practice.

Baker-Austin, C. et al. (2006) ‘Co-selection of antibiotic and metal resistance’, Trends in
microbiology, 14(4), pp. 176-182.

Baker, S.J. et al. (2018) ‘Technologies to address antimicrobial resistance’, Proceedings of the
National Academy of Sciences of the United States of America, 115(51), pp. 12887-12895.

Balogh, B. et al. (2010) ‘Phage therapy for plant disease control’, Current pharmaceutical
biotechnology, 11(1), pp. 48-57.

20


http://paperpile.com/b/MFyXcB/NkqAR
http://paperpile.com/b/MFyXcB/NkqAR
http://paperpile.com/b/MFyXcB/NkqAR
http://paperpile.com/b/MFyXcB/NkqAR
http://paperpile.com/b/MFyXcB/NkqAR
http://paperpile.com/b/MFyXcB/NkqAR
http://dx.doi.org/10.1128/mBio.01341-17
http://dx.doi.org/10.1128/mBio.01341-17
http://paperpile.com/b/MFyXcB/ueWxB
http://paperpile.com/b/MFyXcB/ueWxB
http://paperpile.com/b/MFyXcB/ueWxB
http://paperpile.com/b/MFyXcB/ueWxB
http://paperpile.com/b/MFyXcB/c3xYD
http://paperpile.com/b/MFyXcB/c3xYD
http://paperpile.com/b/MFyXcB/c3xYD
http://paperpile.com/b/MFyXcB/c3xYD
http://paperpile.com/b/MFyXcB/c3xYD
http://paperpile.com/b/MFyXcB/c3xYD
http://paperpile.com/b/MFyXcB/Bx5s
http://paperpile.com/b/MFyXcB/Bx5s
http://paperpile.com/b/MFyXcB/Bx5s
http://paperpile.com/b/MFyXcB/Bx5s
http://paperpile.com/b/MFyXcB/Bx5s
http://paperpile.com/b/MFyXcB/oJnJP
http://paperpile.com/b/MFyXcB/oJnJP
http://paperpile.com/b/MFyXcB/oJnJP
http://paperpile.com/b/MFyXcB/oJnJP
http://paperpile.com/b/MFyXcB/Qg3vg
http://paperpile.com/b/MFyXcB/Qg3vg
http://paperpile.com/b/MFyXcB/Qg3vg
http://paperpile.com/b/MFyXcB/Qg3vg
http://paperpile.com/b/MFyXcB/Qg3vg
http://paperpile.com/b/MFyXcB/Qg3vg
http://paperpile.com/b/MFyXcB/T9OAP
http://paperpile.com/b/MFyXcB/T9OAP
http://paperpile.com/b/MFyXcB/T9OAP
http://paperpile.com/b/MFyXcB/T9OAP
http://paperpile.com/b/MFyXcB/C1s08
http://paperpile.com/b/MFyXcB/C1s08
http://paperpile.com/b/MFyXcB/C1s08
http://paperpile.com/b/MFyXcB/C1s08
http://paperpile.com/b/MFyXcB/C1s08
http://paperpile.com/b/MFyXcB/C1s08
http://paperpile.com/b/MFyXcB/Qzp56
http://paperpile.com/b/MFyXcB/Qzp56
http://paperpile.com/b/MFyXcB/Qzp56
http://paperpile.com/b/MFyXcB/U21PU
http://paperpile.com/b/MFyXcB/U21PU
http://paperpile.com/b/MFyXcB/U21PU
http://paperpile.com/b/MFyXcB/U21PU
http://dx.doi.org/10.1128/microbiolspec.MTBP-0019-2016
http://dx.doi.org/10.1128/microbiolspec.MTBP-0019-2016
http://paperpile.com/b/MFyXcB/QEuHZ
http://paperpile.com/b/MFyXcB/QEuHZ
http://paperpile.com/b/MFyXcB/QEuHZ
http://paperpile.com/b/MFyXcB/QEuHZ
http://paperpile.com/b/MFyXcB/QEuHZ
http://paperpile.com/b/MFyXcB/QEuHZ
http://paperpile.com/b/MFyXcB/JDoCd
http://paperpile.com/b/MFyXcB/JDoCd
http://paperpile.com/b/MFyXcB/JDoCd
http://paperpile.com/b/MFyXcB/OnFxp
http://paperpile.com/b/MFyXcB/OnFxp
http://paperpile.com/b/MFyXcB/OnFxp
http://paperpile.com/b/MFyXcB/OnFxp
http://paperpile.com/b/MFyXcB/OnFxp
http://paperpile.com/b/MFyXcB/OnFxp
http://paperpile.com/b/MFyXcB/e7wod
http://paperpile.com/b/MFyXcB/e7wod
http://paperpile.com/b/MFyXcB/e7wod
http://paperpile.com/b/MFyXcB/e7wod
http://paperpile.com/b/MFyXcB/e7wod
http://paperpile.com/b/MFyXcB/e7wod
http://paperpile.com/b/MFyXcB/T7dyz
http://paperpile.com/b/MFyXcB/T7dyz
http://paperpile.com/b/MFyXcB/T7dyz
http://paperpile.com/b/MFyXcB/uewvW
http://paperpile.com/b/MFyXcB/uewvW
http://paperpile.com/b/MFyXcB/uewvW
http://paperpile.com/b/MFyXcB/uewvW
http://paperpile.com/b/MFyXcB/uewvW
http://paperpile.com/b/MFyXcB/uewvW
http://paperpile.com/b/MFyXcB/O2svb
http://paperpile.com/b/MFyXcB/O2svb
http://paperpile.com/b/MFyXcB/O2svb
http://paperpile.com/b/MFyXcB/O2svb
http://paperpile.com/b/MFyXcB/O2svb
http://paperpile.com/b/MFyXcB/O2svb
http://paperpile.com/b/MFyXcB/znf81
http://paperpile.com/b/MFyXcB/znf81
http://paperpile.com/b/MFyXcB/znf81
http://paperpile.com/b/MFyXcB/znf81
http://paperpile.com/b/MFyXcB/znf81
http://paperpile.com/b/MFyXcB/znf81

771

772
773

774
775

776
7

778
779

780
781

782
783

784
785

786
787
788

789
790

791
792
793

794
795
796

797
798

799
800

801
802

803
804

805

Banke, J. (2010) ‘Technology readiness levels demystified’, NASA, NASA [Preprint].

Barbosa, C. et al. (2019) ‘Evolutionary stability of collateral sensitivity to antibiotics in the model
pathogen Pseudomonas aeruginosa’, eLife, 8. doi:10.7554/eLife.51481.

Barbu, E.M., Cady, K.C. and Hubby, B. (2016) ‘Phage Therapy in the Era of Synthetic Biology’,
Cold Spring Harbor perspectives in biology, 8(10). doi:10.1101/cshperspect.a023879.

Baym, M., Stone, L.K. and Kishony, R. (2016) ‘Multidrug evolutionary strategies to reverse
antibiotic resistance’, Science, 351(6268), p. aad3292.

Berendonk, T.U. et al. (2015) ‘Tackling antibiotic resistance: the environmental framework’,
Nature reviews. Microbiology, 13(5), pp. 310-317.

Bevivino, A. et al. (2019) ‘Deciphering the Ecology of Cystic Fibrosis Bacterial Communities:
Towards Systems-Level Integration’, Trends in molecular medicine, 25(12), pp. 1110-1122.

Biswas, A. et al. (2016) ‘CRISPRDetect: A flexible algorithm to define CRISPR arrays’, BMC
genomics, 17, p. 356.

Blaser, M.J. et al. (2016) ‘Toward a Predictive Understanding of Earth’s Microbiomes to Address
21st Century Challenges’, mBio. doi:10.1128/mbio.00714-16.

Board on Health Sciences Policy, Health and Medicine Division and National Academies of
Sciences, Engineering, and Medicine (2016) The Strategic National Stockpile: Origin, Policy
Foundations, and Federal Context. National Academies Press (US).

Bolduc, B. et al. (2017) ‘iVirus: facilitating new insights in viral ecology with software and
community data sets imbedded in a cyberinfrastructure’, The ISME journal, 11(1), pp. 7-14.

Boolchandani, M., D’'Souza, A.W. and Dantas, G. (2019) ‘Sequencing-based methods and
resources to study antimicrobial resistance’, Nature Reviews Genetics [Preprint].
doi:10.1038/s41576-019-0108-4.

Borin, J.M. et al. (2021) ‘Coevolutionary phage training leads to greater bacterial suppression
and delays the evolution of phage resistance’, Proceedings of the National Academy of
Sciences of the United States of America, 118(23). doi:10.1073/pnas.2104592118.

Bottery, M.J., Pitchford, J.W. and Friman, V.-P. (2021) ‘Ecology and evolution of antimicrobial
resistance in bacterial communities’, The ISME journal, 15(4), pp. 939-948.

Bretaudeau, L. et al. (2020) ‘Good Manufacturing Practice (GMP) Compliance for Phage
Therapy Medicinal Products’, Frontiers in microbiology, 11, p. 1161.

Brix, A. et al. (2020) ‘Animal Models to Translate Phage Therapy to Human Medicine’,
International journal of molecular sciences, 21(10). doi:10.3390/ijms21103715.

Brockhurst, M.A. et al. (2019) ‘Assessing evolutionary risks of resistance for new antimicrobial
therapies’, Nature ecology & evolution, 3(4), pp. 515-517.

Brissow, H. (2019) Hurdles for Phage Therapy (PT) to Become a Reality. MDPI.

21


http://paperpile.com/b/MFyXcB/uEGyh
http://paperpile.com/b/MFyXcB/uEGyh
http://paperpile.com/b/MFyXcB/uEGyh
http://paperpile.com/b/MFyXcB/kY30B
http://paperpile.com/b/MFyXcB/kY30B
http://paperpile.com/b/MFyXcB/kY30B
http://paperpile.com/b/MFyXcB/kY30B
http://paperpile.com/b/MFyXcB/kY30B
http://paperpile.com/b/MFyXcB/kY30B
http://dx.doi.org/10.7554/eLife.51481
http://dx.doi.org/10.7554/eLife.51481
http://paperpile.com/b/MFyXcB/te5h5
http://paperpile.com/b/MFyXcB/te5h5
http://paperpile.com/b/MFyXcB/te5h5
http://paperpile.com/b/MFyXcB/te5h5
http://dx.doi.org/10.1101/cshperspect.a023879
http://dx.doi.org/10.1101/cshperspect.a023879
http://paperpile.com/b/MFyXcB/2hU73
http://paperpile.com/b/MFyXcB/2hU73
http://paperpile.com/b/MFyXcB/2hU73
http://paperpile.com/b/MFyXcB/2hU73
http://paperpile.com/b/MFyXcB/qyaUJ
http://paperpile.com/b/MFyXcB/qyaUJ
http://paperpile.com/b/MFyXcB/qyaUJ
http://paperpile.com/b/MFyXcB/qyaUJ
http://paperpile.com/b/MFyXcB/qyaUJ
http://paperpile.com/b/MFyXcB/qyaUJ
http://paperpile.com/b/MFyXcB/1ynFx
http://paperpile.com/b/MFyXcB/1ynFx
http://paperpile.com/b/MFyXcB/1ynFx
http://paperpile.com/b/MFyXcB/1ynFx
http://paperpile.com/b/MFyXcB/1ynFx
http://paperpile.com/b/MFyXcB/1ynFx
http://paperpile.com/b/MFyXcB/LURQQ
http://paperpile.com/b/MFyXcB/LURQQ
http://paperpile.com/b/MFyXcB/LURQQ
http://paperpile.com/b/MFyXcB/LURQQ
http://paperpile.com/b/MFyXcB/LURQQ
http://paperpile.com/b/MFyXcB/LURQQ
http://paperpile.com/b/MFyXcB/0x5Hw
http://paperpile.com/b/MFyXcB/0x5Hw
http://paperpile.com/b/MFyXcB/0x5Hw
http://paperpile.com/b/MFyXcB/0x5Hw
http://paperpile.com/b/MFyXcB/0x5Hw
http://paperpile.com/b/MFyXcB/0x5Hw
http://dx.doi.org/10.1128/mbio.00714-16
http://dx.doi.org/10.1128/mbio.00714-16
http://paperpile.com/b/MFyXcB/og9iW
http://paperpile.com/b/MFyXcB/og9iW
http://paperpile.com/b/MFyXcB/og9iW
http://paperpile.com/b/MFyXcB/og9iW
http://paperpile.com/b/MFyXcB/og9iW
http://paperpile.com/b/MFyXcB/sYPfS
http://paperpile.com/b/MFyXcB/sYPfS
http://paperpile.com/b/MFyXcB/sYPfS
http://paperpile.com/b/MFyXcB/sYPfS
http://paperpile.com/b/MFyXcB/sYPfS
http://paperpile.com/b/MFyXcB/sYPfS
http://paperpile.com/b/MFyXcB/AKIIX
http://paperpile.com/b/MFyXcB/AKIIX
http://paperpile.com/b/MFyXcB/AKIIX
http://paperpile.com/b/MFyXcB/AKIIX
http://paperpile.com/b/MFyXcB/AKIIX
http://paperpile.com/b/MFyXcB/AKIIX
http://paperpile.com/b/MFyXcB/AKIIX
http://paperpile.com/b/MFyXcB/sy5d
http://paperpile.com/b/MFyXcB/sy5d
http://paperpile.com/b/MFyXcB/sy5d
http://paperpile.com/b/MFyXcB/sy5d
http://paperpile.com/b/MFyXcB/sy5d
http://paperpile.com/b/MFyXcB/sy5d
http://paperpile.com/b/MFyXcB/sy5d
http://paperpile.com/b/MFyXcB/sy5d
http://paperpile.com/b/MFyXcB/sy5d
http://paperpile.com/b/MFyXcB/KYO2e
http://paperpile.com/b/MFyXcB/KYO2e
http://paperpile.com/b/MFyXcB/KYO2e
http://paperpile.com/b/MFyXcB/KYO2e
http://paperpile.com/b/MFyXcB/ddhxd
http://paperpile.com/b/MFyXcB/ddhxd
http://paperpile.com/b/MFyXcB/ddhxd
http://paperpile.com/b/MFyXcB/ddhxd
http://paperpile.com/b/MFyXcB/ddhxd
http://paperpile.com/b/MFyXcB/ddhxd
http://paperpile.com/b/MFyXcB/yiWRw
http://paperpile.com/b/MFyXcB/yiWRw
http://paperpile.com/b/MFyXcB/yiWRw
http://paperpile.com/b/MFyXcB/yiWRw
http://paperpile.com/b/MFyXcB/yiWRw
http://paperpile.com/b/MFyXcB/yiWRw
http://dx.doi.org/10.3390/ijms21103715
http://dx.doi.org/10.3390/ijms21103715
http://paperpile.com/b/MFyXcB/sACdc
http://paperpile.com/b/MFyXcB/sACdc
http://paperpile.com/b/MFyXcB/sACdc
http://paperpile.com/b/MFyXcB/sACdc
http://paperpile.com/b/MFyXcB/sACdc
http://paperpile.com/b/MFyXcB/sACdc
http://paperpile.com/b/MFyXcB/7f6CI
http://paperpile.com/b/MFyXcB/7f6CI
http://paperpile.com/b/MFyXcB/7f6CI

806
807

808
809

810
811
812

813
814

815
816
817
818

819
820

821
822

823
824

825
826
827

828
829
830

831
832

833
834

835
836

837
838

839
840

841
842

Buchner, G.A. et al. (2019) ‘Specifying Technology Readiness Levels for the Chemical Industry’,
Industrial & engineering chemistry research, 58(17), pp. 6957—6969.

Buckley, G.J. et al. (2021) Combating Antimicrobial Resistance and Protecting the Miracle of
Modern Medicine. Washington (DC): National Academies Press (US).

Bulitta, J.B. et al. (2019) ‘Generating Robust and Informative Nonclinical In Vitro and In Vivo
Bacterial Infection Model Efficacy Data To Support Translation to Humans’, Antimicrobial agents
and chemotherapy, 63(5). doi:10.1128/AAC.02307-18.

Bull, J.J., Levin, B.R. and Molineux, I.J. (2019) ‘Promises and pitfalls of in vivo evolution to
improve phage therapy’, bioRxiv. doi:10.1101/816678.

Burmeister, A.R., Sullivan, R.M. and Lenski, R.E. (2020) ‘Fitness Costs and Benefits of
Resistance to Phage Lambda in Experimentally Evolved Escherichia coli*, in Banzhaf, W. et al.
(eds) Evolution in Action: Past, Present and Future: A Festschrift in Honor of Erik D. Goodman.
Cham: Springer International Publishing, pp. 123-143.

Burmeister, A.R. and Turner, P.E. (2020) ‘Trading-off and trading-up in the world of bacteria—
phage evolution’, Current biology: CB, 30(19), pp. R1120-R1124.

Burrowes, B.H., Molineux, I.J. and Fralick, J.A. (2019) ‘Directed in Vitro Evolution of Therapeutic
Bacteriophages: The Appelmans Protocol’, Viruses, 11(3). doi:10.3390/v11030241.

Buttimer, C. et al. (2017) ‘Bacteriophages and Bacterial Plant Diseases’, Frontiers in
microbiology, 8, p. 34.

Caflisch, K.M., Suh, G.A. and Patel, R. (2019) ‘Biological challenges of phage therapy and
proposed solutions: a literature review’, Expert review of anti-infective therapy, 17(12), pp.
1011-1041.

Canfield, G.S. et al. (2021) ‘Lytic bacteriophages facilitate antibiotic sensitization of
Enterococcus faecium’, Antimicrobial agents and chemotherapy [Preprint].
doi:10.1128/AAC.00143-21.

Canton, B., Labno, A. and Endy, D. (2008) ‘Refinement and standardization of synthetic
biological parts and devices’, Nature biotechnology, 26(7), pp. 787—-793.

Carim, S. et al. (2021) ‘Systematic discovery of pseudomonad genetic factors involved in
sensitivity to tailocins’, The ISME journal [Preprint]. doi:10.1038/s41396-021-00921-1.

Chadwick, D.J. and Goode, J.A. (2008) Antibiotic Resistance: Origins, Evolution, Selection and
Spread. John Wiley & Sons.

Chan, B.K. et al. (2016) ‘Phage selection restores antibiotic sensitivity in MDR Pseudomonas
aeruginosa’, Scientific reports, 6, p. 26717.

Chan, B.K. and Abedon, S.T. (2012) ‘Phage therapy pharmacology phage cocktails’, Advances
in applied microbiology, 78, pp. 1-23.

Chan, B.K., Abedon, S.T. and Loc-Carrillo, C. (2013) ‘Phage cocktails and the future of phage
therapy’, Future microbiology, 8(6), pp. 769—783.

22


http://paperpile.com/b/MFyXcB/hOeIg
http://paperpile.com/b/MFyXcB/hOeIg
http://paperpile.com/b/MFyXcB/hOeIg
http://paperpile.com/b/MFyXcB/hOeIg
http://paperpile.com/b/MFyXcB/hOeIg
http://paperpile.com/b/MFyXcB/hOeIg
http://paperpile.com/b/MFyXcB/PoHTR
http://paperpile.com/b/MFyXcB/PoHTR
http://paperpile.com/b/MFyXcB/PoHTR
http://paperpile.com/b/MFyXcB/PoHTR
http://paperpile.com/b/MFyXcB/PoHTR
http://paperpile.com/b/MFyXcB/PoHTR
http://paperpile.com/b/MFyXcB/IFUjX
http://paperpile.com/b/MFyXcB/IFUjX
http://paperpile.com/b/MFyXcB/IFUjX
http://paperpile.com/b/MFyXcB/IFUjX
http://paperpile.com/b/MFyXcB/IFUjX
http://paperpile.com/b/MFyXcB/IFUjX
http://paperpile.com/b/MFyXcB/IFUjX
http://paperpile.com/b/MFyXcB/IFUjX
http://paperpile.com/b/MFyXcB/IFUjX
http://paperpile.com/b/MFyXcB/U03za
http://paperpile.com/b/MFyXcB/U03za
http://paperpile.com/b/MFyXcB/U03za
http://paperpile.com/b/MFyXcB/U03za
http://dx.doi.org/10.1101/816678
http://dx.doi.org/10.1101/816678
http://paperpile.com/b/MFyXcB/HLKf8
http://paperpile.com/b/MFyXcB/HLKf8
http://paperpile.com/b/MFyXcB/HLKf8
http://paperpile.com/b/MFyXcB/HLKf8
http://paperpile.com/b/MFyXcB/HLKf8
http://paperpile.com/b/MFyXcB/HLKf8
http://paperpile.com/b/MFyXcB/MStuL
http://paperpile.com/b/MFyXcB/MStuL
http://paperpile.com/b/MFyXcB/MStuL
http://paperpile.com/b/MFyXcB/MStuL
http://paperpile.com/b/MFyXcB/2nSP
http://paperpile.com/b/MFyXcB/2nSP
http://paperpile.com/b/MFyXcB/2nSP
http://paperpile.com/b/MFyXcB/2nSP
http://dx.doi.org/10.3390/v11030241
http://dx.doi.org/10.3390/v11030241
http://paperpile.com/b/MFyXcB/Pm708
http://paperpile.com/b/MFyXcB/Pm708
http://paperpile.com/b/MFyXcB/Pm708
http://paperpile.com/b/MFyXcB/Pm708
http://paperpile.com/b/MFyXcB/Pm708
http://paperpile.com/b/MFyXcB/Pm708
http://paperpile.com/b/MFyXcB/BI2ft
http://paperpile.com/b/MFyXcB/BI2ft
http://paperpile.com/b/MFyXcB/BI2ft
http://paperpile.com/b/MFyXcB/BI2ft
http://paperpile.com/b/MFyXcB/BI2ft
http://paperpile.com/b/MFyXcB/Zm4SI
http://paperpile.com/b/MFyXcB/Zm4SI
http://paperpile.com/b/MFyXcB/Zm4SI
http://paperpile.com/b/MFyXcB/Zm4SI
http://paperpile.com/b/MFyXcB/Zm4SI
http://paperpile.com/b/MFyXcB/Zm4SI
http://paperpile.com/b/MFyXcB/Zm4SI
http://paperpile.com/b/MFyXcB/Zm4SI
http://paperpile.com/b/MFyXcB/Zm4SI
http://paperpile.com/b/MFyXcB/OyUtv
http://paperpile.com/b/MFyXcB/OyUtv
http://paperpile.com/b/MFyXcB/OyUtv
http://paperpile.com/b/MFyXcB/OyUtv
http://paperpile.com/b/MFyXcB/rYKER
http://paperpile.com/b/MFyXcB/rYKER
http://paperpile.com/b/MFyXcB/rYKER
http://paperpile.com/b/MFyXcB/rYKER
http://paperpile.com/b/MFyXcB/rYKER
http://paperpile.com/b/MFyXcB/rYKER
http://dx.doi.org/10.1038/s41396-021-00921-1
http://dx.doi.org/10.1038/s41396-021-00921-1
http://paperpile.com/b/MFyXcB/v1P21
http://paperpile.com/b/MFyXcB/v1P21
http://paperpile.com/b/MFyXcB/v1P21
http://paperpile.com/b/MFyXcB/v1P21
http://paperpile.com/b/MFyXcB/nAQHS
http://paperpile.com/b/MFyXcB/nAQHS
http://paperpile.com/b/MFyXcB/nAQHS
http://paperpile.com/b/MFyXcB/nAQHS
http://paperpile.com/b/MFyXcB/nAQHS
http://paperpile.com/b/MFyXcB/nAQHS
http://paperpile.com/b/MFyXcB/FmmZB
http://paperpile.com/b/MFyXcB/FmmZB
http://paperpile.com/b/MFyXcB/FmmZB
http://paperpile.com/b/MFyXcB/FmmZB
http://paperpile.com/b/MFyXcB/L143c
http://paperpile.com/b/MFyXcB/L143c
http://paperpile.com/b/MFyXcB/L143c
http://paperpile.com/b/MFyXcB/L143c

843
844

845
846

847
848

849
850
851

852
853

854
855
856

857
858

859

860
861

862
863
864

865
866

867
868
869

870
871
872
873

874
875

876
877

878
879

Chan, L.Y., Kosuri, S. and Endy, D. (2005) ‘Refactoring bacteriophage T7’, Molecular systems
biology, 1, p. 2005.0018.

Chatterjee, A. et al. (2020) ‘Parallel Genomics Uncover Novel Enterococcal-Bacteriophage
Interactions’, mBio, 11(2). doi:10.1128/mBi0.03120-19.

Cheng, T.C. and Podolsky, S. (1996) Just-in-Time Manufacturing: An introduction. Springer
Science & Business Media.

Chevallereau, A. et al. (2016) ‘Next-Generation “-omics” Approaches Reveal a Massive
Alteration of Host RNA Metabolism during Bacteriophage Infection of Pseudomonas
aeruginosa’, PLoS genetics, 12(7), p. €1006134.

Chevrette, M.G. et al. (2019) ‘Experimental Microbiomes: Models Not to Scale’, mSystems, 4(4).
doi:10.1128/mSystems.00175-19.

Cieslik, M. et al. (2021) ‘Animal Models in the Evaluation of the Effectiveness of Phage Therapy
for Infections Caused by Gram-Negative Bacteria from the ESKAPE Group and the Reliability of
Its Use in Humans’, Microorganisms, 9(2). doi:10.3390/microorganisms9020206.

Clatworthy, A.E., Pierson, E. and Hung, D.T. (2007) ‘Targeting virulence: a new paradigm for
antimicrobial therapy’, Nature chemical biology, 3(9), pp. 541-548.

Clokie, M.R. et al. (2011) ‘Phages in nature’, Bacteriophage, 1(1), pp. 31-45.

Cobian Gliemes, A.G. et al. (2019) ‘Cystic Fibrosis Rapid Response: Translating Multi-omics
Data into Clinically Relevant Information’, mBio, 10(2). doi:10.1128/mBio0.00431-19.

Cook, R. et al. (2021) ‘INfrastructure for a PHAge REference Database: Identification of large-
scale biases in the current collection of phage genomes’, BioRxiv.
doi:10.1101/2021.05.01.442102.

Czaplewski, L. et al. (2016) ‘Alternatives to antibiotics—a pipeline portfolio review’, The Lancet
Infectious Diseases, pp. 239—251. doi:10.1016/s1473-3099(15)00466-1.

Dabrowska, K. (2019) ‘Phage therapy: What factors shape phage pharmacokinetics and
bioavailability? Systematic and critical review’, Medicinal research reviews, 39(5), pp. 2000-
2025.

Dabrowska, K. and Abedon, S.T. (2019) ‘Pharmacologically Aware Phage Therapy:
Pharmacodynamic and Pharmacokinetic Obstacles to Phage Antibacterial Action in Animal and
Human Bodies’, Microbiology and molecular biology reviews: MMBR, 83(4).
doi:10.1128/MMBR.00012-19.

Davin-Regli, A. and Pagés, J.M. (2012) ‘Cross-resistance between biocides and antimicrobials:
an emerging question’, Revue scientifique et technique , 31(1), pp. 89-104.

Davis, J.J. et al. (2020) ‘The PATRIC Bioinformatics Resource Center: expanding data and
analysis capabilities’, Nucleic acids research, 48(D1), pp. D606-D612.

Dedrick, R.M. et al. (2013) ‘Functional requirements for bacteriophage growth: gene essentiality
and expression in mycobacteriophage Giles’, Molecular microbiology, 88(3), pp. 577-589.

23


http://paperpile.com/b/MFyXcB/dEndf
http://paperpile.com/b/MFyXcB/dEndf
http://paperpile.com/b/MFyXcB/dEndf
http://paperpile.com/b/MFyXcB/dEndf
http://paperpile.com/b/MFyXcB/JH7qt
http://paperpile.com/b/MFyXcB/JH7qt
http://paperpile.com/b/MFyXcB/JH7qt
http://paperpile.com/b/MFyXcB/JH7qt
http://paperpile.com/b/MFyXcB/JH7qt
http://paperpile.com/b/MFyXcB/JH7qt
http://dx.doi.org/10.1128/mBio.03120-19
http://dx.doi.org/10.1128/mBio.03120-19
http://paperpile.com/b/MFyXcB/JCG5d
http://paperpile.com/b/MFyXcB/JCG5d
http://paperpile.com/b/MFyXcB/JCG5d
http://paperpile.com/b/MFyXcB/JCG5d
http://paperpile.com/b/MFyXcB/MfgVT
http://paperpile.com/b/MFyXcB/MfgVT
http://paperpile.com/b/MFyXcB/MfgVT
http://paperpile.com/b/MFyXcB/MfgVT
http://paperpile.com/b/MFyXcB/MfgVT
http://paperpile.com/b/MFyXcB/MfgVT
http://paperpile.com/b/MFyXcB/MfgVT
http://paperpile.com/b/MFyXcB/0H4c6
http://paperpile.com/b/MFyXcB/0H4c6
http://paperpile.com/b/MFyXcB/0H4c6
http://paperpile.com/b/MFyXcB/0H4c6
http://paperpile.com/b/MFyXcB/0H4c6
http://paperpile.com/b/MFyXcB/0H4c6
http://dx.doi.org/10.1128/mSystems.00175-19
http://dx.doi.org/10.1128/mSystems.00175-19
http://paperpile.com/b/MFyXcB/J0NKQ
http://paperpile.com/b/MFyXcB/J0NKQ
http://paperpile.com/b/MFyXcB/J0NKQ
http://paperpile.com/b/MFyXcB/J0NKQ
http://paperpile.com/b/MFyXcB/J0NKQ
http://paperpile.com/b/MFyXcB/J0NKQ
http://paperpile.com/b/MFyXcB/J0NKQ
http://paperpile.com/b/MFyXcB/J0NKQ
http://paperpile.com/b/MFyXcB/J0NKQ
http://paperpile.com/b/MFyXcB/acZul
http://paperpile.com/b/MFyXcB/acZul
http://paperpile.com/b/MFyXcB/acZul
http://paperpile.com/b/MFyXcB/acZul
http://paperpile.com/b/MFyXcB/2XWMS
http://paperpile.com/b/MFyXcB/2XWMS
http://paperpile.com/b/MFyXcB/2XWMS
http://paperpile.com/b/MFyXcB/2XWMS
http://paperpile.com/b/MFyXcB/2XWMS
http://paperpile.com/b/MFyXcB/GkvIc
http://paperpile.com/b/MFyXcB/GkvIc
http://paperpile.com/b/MFyXcB/GkvIc
http://paperpile.com/b/MFyXcB/GkvIc
http://paperpile.com/b/MFyXcB/GkvIc
http://paperpile.com/b/MFyXcB/GkvIc
http://dx.doi.org/10.1128/mBio.00431-19
http://dx.doi.org/10.1128/mBio.00431-19
http://paperpile.com/b/MFyXcB/szZPS
http://paperpile.com/b/MFyXcB/szZPS
http://paperpile.com/b/MFyXcB/szZPS
http://paperpile.com/b/MFyXcB/szZPS
http://paperpile.com/b/MFyXcB/szZPS
http://paperpile.com/b/MFyXcB/szZPS
http://paperpile.com/b/MFyXcB/szZPS
http://paperpile.com/b/MFyXcB/szZPS
http://paperpile.com/b/MFyXcB/szZPS
http://paperpile.com/b/MFyXcB/JvJAA
http://paperpile.com/b/MFyXcB/JvJAA
http://paperpile.com/b/MFyXcB/JvJAA
http://paperpile.com/b/MFyXcB/JvJAA
http://paperpile.com/b/MFyXcB/JvJAA
http://paperpile.com/b/MFyXcB/JvJAA
http://dx.doi.org/10.1016/s1473-3099(15)00466-1
http://dx.doi.org/10.1016/s1473-3099(15)00466-1
http://paperpile.com/b/MFyXcB/iMIgH
http://paperpile.com/b/MFyXcB/iMIgH
http://paperpile.com/b/MFyXcB/iMIgH
http://paperpile.com/b/MFyXcB/iMIgH
http://paperpile.com/b/MFyXcB/iMIgH
http://paperpile.com/b/MFyXcB/48oEy
http://paperpile.com/b/MFyXcB/48oEy
http://paperpile.com/b/MFyXcB/48oEy
http://paperpile.com/b/MFyXcB/48oEy
http://paperpile.com/b/MFyXcB/48oEy
http://paperpile.com/b/MFyXcB/48oEy
http://dx.doi.org/10.1128/MMBR.00012-19
http://dx.doi.org/10.1128/MMBR.00012-19
http://paperpile.com/b/MFyXcB/SyW4y
http://paperpile.com/b/MFyXcB/SyW4y
http://paperpile.com/b/MFyXcB/SyW4y
http://paperpile.com/b/MFyXcB/SyW4y
http://paperpile.com/b/MFyXcB/ut169
http://paperpile.com/b/MFyXcB/ut169
http://paperpile.com/b/MFyXcB/ut169
http://paperpile.com/b/MFyXcB/ut169
http://paperpile.com/b/MFyXcB/ut169
http://paperpile.com/b/MFyXcB/ut169
http://paperpile.com/b/MFyXcB/4WTvv
http://paperpile.com/b/MFyXcB/4WTvv
http://paperpile.com/b/MFyXcB/4WTvv
http://paperpile.com/b/MFyXcB/4WTvv
http://paperpile.com/b/MFyXcB/4WTvv
http://paperpile.com/b/MFyXcB/4WTvv

880
881

882
883
884

885
886

887
888

889
890
891

892
893

894
895

896
897

898
899

900
901

902
903

904
905
906

907
908
909

910
911
912

913
914

915
916

Dedrick, R.M. et al. (2019) ‘Engineered bacteriophages for treatment of a patient with a
disseminated drug-resistant Mycobacterium abscessus’, Nature medicine, 25(5), pp. 730-733.

Dennehy, J.J. and Abedon, S.T. (2021) ‘Phage Infection and Lysis’, in Harper, D.R. et al. (eds)
Bacteriophages: Biology, Technology, Therapy. Cham: Springer International Publishing, pp.
341-383.

Diallo, O.O. et al. (2020) ‘Antibiotic resistance surveillance systems: A review’, Journal of global
antimicrobial resistance, 23, pp. 430-438.

Diaz-Mufioz, S.L. and Koskella, B. (2014) ‘Bacteria-phage interactions in natural environments’,
Advances in applied microbiology, 89, pp. 135-183.

Dickey, S.W., Cheung, G.Y.C. and Otto, M. (2017) ‘Different drugs for bad bugs: antivirulence
strategies in the age of antibiotic resistance’, Nature reviews. Drug discovery, 16(7), pp. 457—
471.

Douafer, H. et al. (2019) ‘Antibiotic Adjuvants: Make Antibiotics Great Again!’, Journal of
medicinal chemistry, 62(19), pp. 8665-8681.

Douglas, A.E. (2018) ‘Which experimental systems should we use for human microbiome
science?’, PLoS biology, 16(3), p. €2005245.

Douglas, A.E. (2019) ‘Simple animal models for microbiome research’, Nature reviews.
Microbiology, 17(12), pp. 764—775.

Dunne, M. et al. (2019) ‘Reprogramming Bacteriophage Host Range through Structure-Guided
Design of Chimeric Receptor Binding Proteins’, Cell reports, 29(5), pp. 1336—-1350.e4.

Ecale Zhou, C.L. et al. (2019) ‘multiPhATE: bioinformatics pipeline for functional annotation of
phage isolates’, Bioinformatics , 35(21), pp. 4402—4404.

Elekhnawy, E. et al. (2020) ‘Potential impact of biocide adaptation on selection of antibiotic
resistance in bacterial isolates’, Future Journal of Pharmaceutical Sciences, 6(1), pp. 1-10.

Eloe-Fadrosh, E.A. et al. (2021) ‘The National Microbiome Data Collaborative Data Portal: an
integrated multi-omics microbiome data resource’, Nucleic acids research [Preprint].
doi:10.1093/nar/gkab990.

Eskenazi, A. et al. (2022) ‘Combination of pre-adapted bacteriophage therapy and antibiotics for
treatment of fracture-related infection due to pandrug-resistant Klebsiella pneumoniae’, Nature
communications, 13(1), p. 302.

Estrella, L.A. et al. (2016) ‘Characterization of novel Staphylococcus aureus lytic phage and
defining their combinatorial virulence using the OmniLog® system’, Bacteriophage, 6(3), p.
e1219440.

Executive Office of the President (2014) National Strategy for Combating Antibiotic-Resistant
Bacteria. CreateSpace.

Fair, R.J. and Tor, Y. (2014) ‘Antibiotics and bacterial resistance in the 21st century’,
Perspectives in medicinal chemistry, 6, pp. 25-64.

24


http://paperpile.com/b/MFyXcB/nXMhx
http://paperpile.com/b/MFyXcB/nXMhx
http://paperpile.com/b/MFyXcB/nXMhx
http://paperpile.com/b/MFyXcB/nXMhx
http://paperpile.com/b/MFyXcB/nXMhx
http://paperpile.com/b/MFyXcB/nXMhx
http://paperpile.com/b/MFyXcB/vln5U
http://paperpile.com/b/MFyXcB/vln5U
http://paperpile.com/b/MFyXcB/vln5U
http://paperpile.com/b/MFyXcB/vln5U
http://paperpile.com/b/MFyXcB/vln5U
http://paperpile.com/b/MFyXcB/9b9xu
http://paperpile.com/b/MFyXcB/9b9xu
http://paperpile.com/b/MFyXcB/9b9xu
http://paperpile.com/b/MFyXcB/9b9xu
http://paperpile.com/b/MFyXcB/9b9xu
http://paperpile.com/b/MFyXcB/9b9xu
http://paperpile.com/b/MFyXcB/NZARg
http://paperpile.com/b/MFyXcB/NZARg
http://paperpile.com/b/MFyXcB/NZARg
http://paperpile.com/b/MFyXcB/NZARg
http://paperpile.com/b/MFyXcB/DCYkL
http://paperpile.com/b/MFyXcB/DCYkL
http://paperpile.com/b/MFyXcB/DCYkL
http://paperpile.com/b/MFyXcB/DCYkL
http://paperpile.com/b/MFyXcB/DCYkL
http://paperpile.com/b/MFyXcB/0vIsd
http://paperpile.com/b/MFyXcB/0vIsd
http://paperpile.com/b/MFyXcB/0vIsd
http://paperpile.com/b/MFyXcB/0vIsd
http://paperpile.com/b/MFyXcB/0vIsd
http://paperpile.com/b/MFyXcB/0vIsd
http://paperpile.com/b/MFyXcB/pFs2J
http://paperpile.com/b/MFyXcB/pFs2J
http://paperpile.com/b/MFyXcB/pFs2J
http://paperpile.com/b/MFyXcB/pFs2J
http://paperpile.com/b/MFyXcB/4l9fU
http://paperpile.com/b/MFyXcB/4l9fU
http://paperpile.com/b/MFyXcB/4l9fU
http://paperpile.com/b/MFyXcB/4l9fU
http://paperpile.com/b/MFyXcB/f71NP
http://paperpile.com/b/MFyXcB/f71NP
http://paperpile.com/b/MFyXcB/f71NP
http://paperpile.com/b/MFyXcB/f71NP
http://paperpile.com/b/MFyXcB/f71NP
http://paperpile.com/b/MFyXcB/f71NP
http://paperpile.com/b/MFyXcB/BJVxs
http://paperpile.com/b/MFyXcB/BJVxs
http://paperpile.com/b/MFyXcB/BJVxs
http://paperpile.com/b/MFyXcB/BJVxs
http://paperpile.com/b/MFyXcB/BJVxs
http://paperpile.com/b/MFyXcB/BJVxs
http://paperpile.com/b/MFyXcB/dbj6m
http://paperpile.com/b/MFyXcB/dbj6m
http://paperpile.com/b/MFyXcB/dbj6m
http://paperpile.com/b/MFyXcB/dbj6m
http://paperpile.com/b/MFyXcB/dbj6m
http://paperpile.com/b/MFyXcB/dbj6m
http://paperpile.com/b/MFyXcB/GLs9c
http://paperpile.com/b/MFyXcB/GLs9c
http://paperpile.com/b/MFyXcB/GLs9c
http://paperpile.com/b/MFyXcB/GLs9c
http://paperpile.com/b/MFyXcB/GLs9c
http://paperpile.com/b/MFyXcB/GLs9c
http://paperpile.com/b/MFyXcB/GLs9c
http://paperpile.com/b/MFyXcB/GLs9c
http://paperpile.com/b/MFyXcB/GLs9c
http://paperpile.com/b/MFyXcB/8kCr
http://paperpile.com/b/MFyXcB/8kCr
http://paperpile.com/b/MFyXcB/8kCr
http://paperpile.com/b/MFyXcB/8kCr
http://paperpile.com/b/MFyXcB/8kCr
http://paperpile.com/b/MFyXcB/8kCr
http://paperpile.com/b/MFyXcB/8kCr
http://paperpile.com/b/MFyXcB/AxOmo
http://paperpile.com/b/MFyXcB/AxOmo
http://paperpile.com/b/MFyXcB/AxOmo
http://paperpile.com/b/MFyXcB/AxOmo
http://paperpile.com/b/MFyXcB/AxOmo
http://paperpile.com/b/MFyXcB/AxOmo
http://paperpile.com/b/MFyXcB/AxOmo
http://paperpile.com/b/MFyXcB/QhuRB
http://paperpile.com/b/MFyXcB/QhuRB
http://paperpile.com/b/MFyXcB/QhuRB
http://paperpile.com/b/MFyXcB/QhuRB
http://paperpile.com/b/MFyXcB/IXuRs
http://paperpile.com/b/MFyXcB/IXuRs
http://paperpile.com/b/MFyXcB/IXuRs
http://paperpile.com/b/MFyXcB/IXuRs

917
918
919

920
921
922

923
924

925
926

927
928

929
930

931
932
933

934
935
936

937
938

939
940

941
942

943
944

945
946

947
948

949
950

951
952

Fauci, A.S. (2001) ‘Infectious diseases: considerations for the 21st century’, Clinical infectious
diseases: an official publication of the Infectious Diseases Society of America, 32(5), pp. 675—
685.

Fauconnier, A. (2017) ‘Regulating phage therapy: The biological master file concept could help
to overcome regulatory challenge of personalized medicines’, EMBO reports, 18(2), pp. 198—
200.

Favor, A.H. et al. (2020) ‘Optimizing bacteriophage engineering through an accelerated
evolution platform’, Scientific reports, 10(1), p. 13981.

Federici, S., Nobs, S.P. and Elinav, E. (2021) ‘Phages and their potential to modulate the
microbiome and immunity’, Cellular & molecular immunology, 18(4), pp. 889-904.

Frampton, R.A., Pitman, A.R. and Fineran, P.C. (2012) ‘Advances in bacteriophage-mediated
control of plant pathogens’, International journal of microbiology, 2012, p. 326452.

Gabard, J. and Jault, P. (2019) ‘How to Achieve a Good Phage Therapy Clinical Trial?’, Phage
Therapy: A Practical Approach, pp. 147-168. doi:10.1007/978-3-030-26736-0_6.

Garvey, M. (2020) ‘Bacteriophages and the One Health Approach to Combat Multidrug
Resistance: Is This the Way?’, Antibiotics (Basel, Switzerland), 9(7).
doi:10.3390/antibiotics9070414.

Gelman, D. et al. (2021) ‘Clinical Phage Microbiology: a suggested framework and
recommendations for the in-vitro matching steps of phage therapy’, The Lancet Microbe, 2(10),
pp. e555-e563.

Gerstein, D. (2020) ‘The Strategic National Stockpile and COVID-19: Rethinking the Stockpile’.
doi:10.7249/cta530-1.

Getahun, H. et al. (2020) ‘Tackling antimicrobial resistance in the COVID-19 pandemic’, Bulletin
of the World Health Organization, 98(7), pp. 442—-442A.

Ghequire, M.G.K. and De Mot, R. (2015) ‘The Tailocin Tale: Peeling off Phage Tails’, Trends in
Microbiology, pp. 587-590. doi;10.1016/j.tim.2015.07.011.

Gibson, S.B. et al. (2019) ‘Constructing and Characterizing Bacteriophage Libraries for Phage
Therapy of Human Infections’, Frontiers in microbiology, 10, p. 2537.

Gill, J.J. and Hyman, P. (2010) ‘Phage choice, isolation, and preparation for phage therapy’,
Current pharmaceutical biotechnology, 11(1), pp. 2-14.

Gordillo Altamirano, F. et al. (2021) ‘Bacteriophage-resistant Acinetobacter baumannii are
resensitized to antimicrobials’, Nature microbiology, 6(2), pp. 157-161.

Gordillo Altamirano, F.L. and Barr, J.J. (2019) ‘Phage Therapy in the Postantibiotic Era’, Clinical
microbiology reviews, 32(2). doi:10.1128/CMR.00066-18.

Gordillo Altamirano, F.L. and Barr, J.J. (2021) ‘Unlocking the next generation of phage therapy:
the key is in the receptors’, Current opinion in biotechnology, 68, pp. 115-123.

25


http://paperpile.com/b/MFyXcB/7IaQc
http://paperpile.com/b/MFyXcB/7IaQc
http://paperpile.com/b/MFyXcB/7IaQc
http://paperpile.com/b/MFyXcB/7IaQc
http://paperpile.com/b/MFyXcB/7IaQc
http://paperpile.com/b/MFyXcB/te7sW
http://paperpile.com/b/MFyXcB/te7sW
http://paperpile.com/b/MFyXcB/te7sW
http://paperpile.com/b/MFyXcB/te7sW
http://paperpile.com/b/MFyXcB/te7sW
http://paperpile.com/b/MFyXcB/grpt8
http://paperpile.com/b/MFyXcB/grpt8
http://paperpile.com/b/MFyXcB/grpt8
http://paperpile.com/b/MFyXcB/grpt8
http://paperpile.com/b/MFyXcB/grpt8
http://paperpile.com/b/MFyXcB/grpt8
http://paperpile.com/b/MFyXcB/IbBiE
http://paperpile.com/b/MFyXcB/IbBiE
http://paperpile.com/b/MFyXcB/IbBiE
http://paperpile.com/b/MFyXcB/IbBiE
http://paperpile.com/b/MFyXcB/cVNsw
http://paperpile.com/b/MFyXcB/cVNsw
http://paperpile.com/b/MFyXcB/cVNsw
http://paperpile.com/b/MFyXcB/cVNsw
http://paperpile.com/b/MFyXcB/G3d00
http://paperpile.com/b/MFyXcB/G3d00
http://paperpile.com/b/MFyXcB/G3d00
http://paperpile.com/b/MFyXcB/G3d00
http://dx.doi.org/10.1007/978-3-030-26736-0_6
http://dx.doi.org/10.1007/978-3-030-26736-0_6
http://paperpile.com/b/MFyXcB/jzHXt
http://paperpile.com/b/MFyXcB/jzHXt
http://paperpile.com/b/MFyXcB/jzHXt
http://paperpile.com/b/MFyXcB/jzHXt
http://paperpile.com/b/MFyXcB/jzHXt
http://paperpile.com/b/MFyXcB/jzHXt
http://paperpile.com/b/MFyXcB/jzHXt
http://paperpile.com/b/MFyXcB/iW0kZ
http://paperpile.com/b/MFyXcB/iW0kZ
http://paperpile.com/b/MFyXcB/iW0kZ
http://paperpile.com/b/MFyXcB/iW0kZ
http://paperpile.com/b/MFyXcB/iW0kZ
http://paperpile.com/b/MFyXcB/iW0kZ
http://paperpile.com/b/MFyXcB/iW0kZ
http://paperpile.com/b/MFyXcB/N3o3T
http://paperpile.com/b/MFyXcB/N3o3T
http://dx.doi.org/10.7249/cta530-1
http://dx.doi.org/10.7249/cta530-1
http://paperpile.com/b/MFyXcB/xnjHG
http://paperpile.com/b/MFyXcB/xnjHG
http://paperpile.com/b/MFyXcB/xnjHG
http://paperpile.com/b/MFyXcB/xnjHG
http://paperpile.com/b/MFyXcB/xnjHG
http://paperpile.com/b/MFyXcB/xnjHG
http://paperpile.com/b/MFyXcB/TLuN
http://paperpile.com/b/MFyXcB/TLuN
http://paperpile.com/b/MFyXcB/TLuN
http://paperpile.com/b/MFyXcB/TLuN
http://dx.doi.org/10.1016/j.tim.2015.07.011
http://dx.doi.org/10.1016/j.tim.2015.07.011
http://paperpile.com/b/MFyXcB/vToju
http://paperpile.com/b/MFyXcB/vToju
http://paperpile.com/b/MFyXcB/vToju
http://paperpile.com/b/MFyXcB/vToju
http://paperpile.com/b/MFyXcB/vToju
http://paperpile.com/b/MFyXcB/vToju
http://paperpile.com/b/MFyXcB/hRgEP
http://paperpile.com/b/MFyXcB/hRgEP
http://paperpile.com/b/MFyXcB/hRgEP
http://paperpile.com/b/MFyXcB/hRgEP
http://paperpile.com/b/MFyXcB/aDrv2
http://paperpile.com/b/MFyXcB/aDrv2
http://paperpile.com/b/MFyXcB/aDrv2
http://paperpile.com/b/MFyXcB/aDrv2
http://paperpile.com/b/MFyXcB/aDrv2
http://paperpile.com/b/MFyXcB/aDrv2
http://paperpile.com/b/MFyXcB/Lai4b
http://paperpile.com/b/MFyXcB/Lai4b
http://paperpile.com/b/MFyXcB/Lai4b
http://paperpile.com/b/MFyXcB/Lai4b
http://dx.doi.org/10.1128/CMR.00066-18
http://dx.doi.org/10.1128/CMR.00066-18
http://paperpile.com/b/MFyXcB/PW37y
http://paperpile.com/b/MFyXcB/PW37y
http://paperpile.com/b/MFyXcB/PW37y
http://paperpile.com/b/MFyXcB/PW37y

953

954
955

956
957

958

959
960

961
962
963

964
965

966
967
968

969
970

971
972

973
974
975

976
977
978

979
980
981

982
983
984

985
986
987

088
989

Goérski, A. et al. (2018) ‘Phage Therapy: What Have We Learned?’, Viruses, 10(6), p. 288.

Gorski, A., Borysowski, J. and Miedzybrodzki, R. (2020) ‘Phage Therapy: Towards a Successful
Clinical Trial’, Antibiotics (Basel, Switzerland), 9(11). doi:10.3390/antibiotics9110827.

Gérski, A., Miedzybrodzki, R. and Borysowski, J. (2019) Phage Therapy: A Practical Approach.
Springer Nature.

Gotte, M. et al. (2018) Handbook of Antimicrobial Resistance. Springer.

Guan, J. et al. (2022) ‘RNA targeting with CRISPR-Cas13a facilitates bacteriophage genome
engineering’, bioRxiv. doi:10.1101/2022.02.14.480438.

Guardabassi, L. and Courvalin, P. (2019) ‘Modes of antimicrobial action and mechanisms of
bacterial resistance’, in Antimicrobial Resistance in Bacteria of Animal Origin. Washington, DC,
USA: ASM Press, pp. 1-18.

Gu Liu, C. et al. (2020) ‘Phage-Antibiotic Synergy Is Driven by a Uniqgue Combination of
Antibacterial Mechanism of Action and Stoichiometry’, mBio, 11(4). doi:10.1128/mBi0.01462-20.

Gurney, J. et al. (2020) ‘Phage steering of antibiotic-resistance evolution in the bacterial
pathogen, Pseudomonas aeruginosa’, Evolution, medicine, and public health, 2020(1), pp. 148—
157.

Hagens, S. and Loessner, M.J. (2010) ‘Bacteriophage for biocontrol of foodborne pathogens:
calculations and considerations’, Current pharmaceutical biotechnology, 11(1), pp. 58—68.

Handfield, R. et al. (2020) ‘A commons for a supply chain in the post-COVID-19 era: The case
for a reformed strategic national stockpile’, The Milbank quarterly, 98(4), pp. 1058-1090.

Harrison, J.J. et al. (2010) ‘Microtiter susceptibility testing of microbes growing on peg lids: a
miniaturized biofilm model for high-throughput screening’, Nature protocols, 5(7), pp. 1236—
1254,

Hatfull, G.F., Dedrick, R.M. and Schooley, R.T. (2021) ‘Phage Therapy for Antibiotic-Resistant
Bacterial Infections’, Annual review of medicine [Preprint]. doi:10.1146/annurev-med-080219-
122208.

of Health, U.S.D., Services, H. and Others (2015) ‘2015 Public Health Emergency Medical
Countermeasures Enterprise (PHEMCE) strategy and implementation plan’. HHS Washington,
DC.

Heiman, C.M. et al. (2022) ‘Pivotal role of O-antigenic polysaccharide display in the sensitivity
against phage tail-like particles in environmental Pseudomonas kin competition’, The ISME
Journal [Preprint]. doi:10.1038/s41396-022-01217-8.

Hendrix, R.W. et al. (1999) ‘Evolutionary relationships among diverse bacteriophages and
prophages: all the world’s a phage’, Proceedings of the National Academy of Sciences of the
United States of America, 96(5), pp. 2192-2197.

Henry, M. et al. (2012) ‘Development of a high throughput assay for indirectly measuring phage
growth using the OmniLogTM system’, Bacteriophage, 2(3), pp. 159-167.

26


http://paperpile.com/b/MFyXcB/ebnFN
http://paperpile.com/b/MFyXcB/ebnFN
http://paperpile.com/b/MFyXcB/ebnFN
http://paperpile.com/b/MFyXcB/ebnFN
http://paperpile.com/b/MFyXcB/ebnFN
http://paperpile.com/b/MFyXcB/6GkNK
http://paperpile.com/b/MFyXcB/6GkNK
http://paperpile.com/b/MFyXcB/6GkNK
http://paperpile.com/b/MFyXcB/6GkNK
http://dx.doi.org/10.3390/antibiotics9110827
http://dx.doi.org/10.3390/antibiotics9110827
http://paperpile.com/b/MFyXcB/POqKW
http://paperpile.com/b/MFyXcB/POqKW
http://paperpile.com/b/MFyXcB/POqKW
http://paperpile.com/b/MFyXcB/POqKW
http://paperpile.com/b/MFyXcB/vokhV
http://paperpile.com/b/MFyXcB/vokhV
http://paperpile.com/b/MFyXcB/vokhV
http://paperpile.com/b/MFyXcB/vokhV
http://paperpile.com/b/MFyXcB/vokhV
http://paperpile.com/b/MFyXcB/f2tLS
http://paperpile.com/b/MFyXcB/f2tLS
http://paperpile.com/b/MFyXcB/f2tLS
http://paperpile.com/b/MFyXcB/f2tLS
http://paperpile.com/b/MFyXcB/f2tLS
http://paperpile.com/b/MFyXcB/f2tLS
http://dx.doi.org/10.1101/2022.02.14.480438
http://dx.doi.org/10.1101/2022.02.14.480438
http://paperpile.com/b/MFyXcB/vYpnV
http://paperpile.com/b/MFyXcB/vYpnV
http://paperpile.com/b/MFyXcB/vYpnV
http://paperpile.com/b/MFyXcB/vYpnV
http://paperpile.com/b/MFyXcB/vYpnV
http://paperpile.com/b/MFyXcB/Xaeph
http://paperpile.com/b/MFyXcB/Xaeph
http://paperpile.com/b/MFyXcB/Xaeph
http://paperpile.com/b/MFyXcB/Xaeph
http://paperpile.com/b/MFyXcB/Xaeph
http://paperpile.com/b/MFyXcB/Xaeph
http://dx.doi.org/10.1128/mBio.01462-20
http://dx.doi.org/10.1128/mBio.01462-20
http://paperpile.com/b/MFyXcB/mviwt
http://paperpile.com/b/MFyXcB/mviwt
http://paperpile.com/b/MFyXcB/mviwt
http://paperpile.com/b/MFyXcB/mviwt
http://paperpile.com/b/MFyXcB/mviwt
http://paperpile.com/b/MFyXcB/mviwt
http://paperpile.com/b/MFyXcB/mviwt
http://paperpile.com/b/MFyXcB/0fKVk
http://paperpile.com/b/MFyXcB/0fKVk
http://paperpile.com/b/MFyXcB/0fKVk
http://paperpile.com/b/MFyXcB/0fKVk
http://paperpile.com/b/MFyXcB/eTXb
http://paperpile.com/b/MFyXcB/eTXb
http://paperpile.com/b/MFyXcB/eTXb
http://paperpile.com/b/MFyXcB/eTXb
http://paperpile.com/b/MFyXcB/eTXb
http://paperpile.com/b/MFyXcB/eTXb
http://paperpile.com/b/MFyXcB/t0Fa8
http://paperpile.com/b/MFyXcB/t0Fa8
http://paperpile.com/b/MFyXcB/t0Fa8
http://paperpile.com/b/MFyXcB/t0Fa8
http://paperpile.com/b/MFyXcB/t0Fa8
http://paperpile.com/b/MFyXcB/t0Fa8
http://paperpile.com/b/MFyXcB/t0Fa8
http://paperpile.com/b/MFyXcB/NOG57
http://paperpile.com/b/MFyXcB/NOG57
http://paperpile.com/b/MFyXcB/NOG57
http://paperpile.com/b/MFyXcB/NOG57
http://dx.doi.org/10.1146/annurev-med-080219-122208
http://dx.doi.org/10.1146/annurev-med-080219-122208
http://paperpile.com/b/MFyXcB/NOG57
http://paperpile.com/b/MFyXcB/7n3rQ
http://paperpile.com/b/MFyXcB/7n3rQ
http://paperpile.com/b/MFyXcB/7n3rQ
http://paperpile.com/b/MFyXcB/NJPI
http://paperpile.com/b/MFyXcB/NJPI
http://paperpile.com/b/MFyXcB/NJPI
http://paperpile.com/b/MFyXcB/NJPI
http://paperpile.com/b/MFyXcB/NJPI
http://paperpile.com/b/MFyXcB/NJPI
http://paperpile.com/b/MFyXcB/NJPI
http://paperpile.com/b/MFyXcB/NJPI
http://paperpile.com/b/MFyXcB/NJPI
http://paperpile.com/b/MFyXcB/q3n5e
http://paperpile.com/b/MFyXcB/q3n5e
http://paperpile.com/b/MFyXcB/q3n5e
http://paperpile.com/b/MFyXcB/q3n5e
http://paperpile.com/b/MFyXcB/q3n5e
http://paperpile.com/b/MFyXcB/q3n5e
http://paperpile.com/b/MFyXcB/q3n5e
http://paperpile.com/b/MFyXcB/ghCSG
http://paperpile.com/b/MFyXcB/ghCSG
http://paperpile.com/b/MFyXcB/ghCSG
http://paperpile.com/b/MFyXcB/ghCSG
http://paperpile.com/b/MFyXcB/ghCSG
http://paperpile.com/b/MFyXcB/ghCSG

990
991
992

993
994
995

996
997
998

999
1000

1001
1002

1003
1004

1005
1006

1007
1008

1009
1010

1011
1012

1013
1014

1015
1016

1017
1018

1019
1020

1021
1022

1023
1024

1025

Hernandez, C.A. and Koskella, B. (2019) ‘Phage resistance evolution in vitro is not reflective of
in vivo outcome in a plant-bacteria-phage system’, Evolution; international journal of organic
evolution, 73(12), pp. 2461-2475.

Heselpoth, R.D. et al. (2019) ‘Lysocins: Bioengineered Antimicrobials That Deliver Lysins
across the Outer Membrane of Gram-Negative Bacteria’, Antimicrobial agents and
chemotherapy, 63(6). doi:10.1128/AAC.00342-19.

Hesse, S. and Adhya, S. (2019) ‘Phage Therapy in the Twenty-First Century: Facing the Decline
of the Antibiotic Era; Is It Finally Time for the Age of the Phage?’, Annual review of microbiology,
73, pp. 155-174.

Hillson, N. et al. (2019) ‘Building a global alliance of biofoundries’, Nature communications,
10(1), p. 2040.

Hockett, K.L., Renner, T. and Baltrus, D.A. (2015) ‘Independent Co-Option of a Tailed
Bacteriophage into a Killing Complex in Pseudomonas’, mBio, 6(4), p. e00452.

Hofmann, T. et al. (2020) ‘Technology readiness and overcoming barriers to sustainably
implement nanotechnology-enabled plant agriculture’, Nature Food, 1(7), pp. 416—425.

Holmes, A.H. et al. (2016) ‘Understanding the mechanisms and drivers of antimicrobial
resistance’, The Lancet, 387(10014), pp. 176-187.

Howard-Varona, C. et al. (2018) ‘Multiple mechanisms drive phage infection efficiency in nearly
identical hosts’, The ISME journal, 12(6), pp. 1605-1618.

Hussain, F.A. et al. (2021) ‘Rapid evolutionary turnover of mobile genetic elements drives
bacterial resistance to phages’, Science, 374(6566), pp. 488-492.

Huss, P. and Raman, S. (2020) ‘Engineered bacteriophages as programmable biocontrol
agents’, Current opinion in biotechnology, 61, pp. 116-121.

Hu, Y. et al. (2016) ‘The Bacterial Mobile Resistome Transfer Network Connecting the Animal
and Human Microbiomes’, Applied and environmental microbiology, 82(22), pp. 6672—6681.

Hyman, P. (2019) ‘Phages for Phage Therapy: Isolation, Characterization, and Host Range
Breadth’, Pharmaceuticals , 12(1). doi:10.3390/ph12010035.

Hyman, P. and Abedon, S.T. (2009) ‘Practical methods for determining phage growth
parameters’, Methods in molecular biology , 501, pp. 175-202.

Hyman, P. and Paul Hyman and Stephen T. Abedon (2012) Bacteriophages in Health and
Disease: Bacteriophages in Health and Disease. CABI.

Imamovic, L. et al. (2018) ‘Drug-Driven Phenotypic Convergence Supports Rational Treatment
Strategies of Chronic Infections’, Cell, 172(1-2), pp. 121-134.e14.

Jaschke, P.R. et al. (2012) ‘A fully decompressed synthetic bacteriophage 8X174 genome
assembled and archived in yeast’, Virology, 434(2), pp. 278-284.

Jassim, S.A.A. and Limoges, R.G. (2017) Bacteriophages: Practical Applications for Nature’s

27


http://paperpile.com/b/MFyXcB/DdsQF
http://paperpile.com/b/MFyXcB/DdsQF
http://paperpile.com/b/MFyXcB/DdsQF
http://paperpile.com/b/MFyXcB/DdsQF
http://paperpile.com/b/MFyXcB/DdsQF
http://paperpile.com/b/MFyXcB/5hZUl
http://paperpile.com/b/MFyXcB/5hZUl
http://paperpile.com/b/MFyXcB/5hZUl
http://paperpile.com/b/MFyXcB/5hZUl
http://paperpile.com/b/MFyXcB/5hZUl
http://paperpile.com/b/MFyXcB/5hZUl
http://paperpile.com/b/MFyXcB/5hZUl
http://paperpile.com/b/MFyXcB/5hZUl
http://paperpile.com/b/MFyXcB/5hZUl
http://paperpile.com/b/MFyXcB/Qn5TA
http://paperpile.com/b/MFyXcB/Qn5TA
http://paperpile.com/b/MFyXcB/Qn5TA
http://paperpile.com/b/MFyXcB/Qn5TA
http://paperpile.com/b/MFyXcB/Qn5TA
http://paperpile.com/b/MFyXcB/ANgAY
http://paperpile.com/b/MFyXcB/ANgAY
http://paperpile.com/b/MFyXcB/ANgAY
http://paperpile.com/b/MFyXcB/ANgAY
http://paperpile.com/b/MFyXcB/ANgAY
http://paperpile.com/b/MFyXcB/ANgAY
http://paperpile.com/b/MFyXcB/2hu5
http://paperpile.com/b/MFyXcB/2hu5
http://paperpile.com/b/MFyXcB/2hu5
http://paperpile.com/b/MFyXcB/2hu5
http://paperpile.com/b/MFyXcB/FCwit
http://paperpile.com/b/MFyXcB/FCwit
http://paperpile.com/b/MFyXcB/FCwit
http://paperpile.com/b/MFyXcB/FCwit
http://paperpile.com/b/MFyXcB/FCwit
http://paperpile.com/b/MFyXcB/FCwit
http://paperpile.com/b/MFyXcB/HkTtu
http://paperpile.com/b/MFyXcB/HkTtu
http://paperpile.com/b/MFyXcB/HkTtu
http://paperpile.com/b/MFyXcB/HkTtu
http://paperpile.com/b/MFyXcB/HkTtu
http://paperpile.com/b/MFyXcB/HkTtu
http://paperpile.com/b/MFyXcB/Eb1CI
http://paperpile.com/b/MFyXcB/Eb1CI
http://paperpile.com/b/MFyXcB/Eb1CI
http://paperpile.com/b/MFyXcB/Eb1CI
http://paperpile.com/b/MFyXcB/Eb1CI
http://paperpile.com/b/MFyXcB/Eb1CI
http://paperpile.com/b/MFyXcB/PGuAO
http://paperpile.com/b/MFyXcB/PGuAO
http://paperpile.com/b/MFyXcB/PGuAO
http://paperpile.com/b/MFyXcB/PGuAO
http://paperpile.com/b/MFyXcB/PGuAO
http://paperpile.com/b/MFyXcB/PGuAO
http://paperpile.com/b/MFyXcB/ouUQm
http://paperpile.com/b/MFyXcB/ouUQm
http://paperpile.com/b/MFyXcB/ouUQm
http://paperpile.com/b/MFyXcB/ouUQm
http://paperpile.com/b/MFyXcB/Zwb4P
http://paperpile.com/b/MFyXcB/Zwb4P
http://paperpile.com/b/MFyXcB/Zwb4P
http://paperpile.com/b/MFyXcB/Zwb4P
http://paperpile.com/b/MFyXcB/Zwb4P
http://paperpile.com/b/MFyXcB/Zwb4P
http://paperpile.com/b/MFyXcB/IIQkn
http://paperpile.com/b/MFyXcB/IIQkn
http://paperpile.com/b/MFyXcB/IIQkn
http://paperpile.com/b/MFyXcB/IIQkn
http://dx.doi.org/10.3390/ph12010035
http://dx.doi.org/10.3390/ph12010035
http://paperpile.com/b/MFyXcB/X7Qj8
http://paperpile.com/b/MFyXcB/X7Qj8
http://paperpile.com/b/MFyXcB/X7Qj8
http://paperpile.com/b/MFyXcB/X7Qj8
http://paperpile.com/b/MFyXcB/n2dXM
http://paperpile.com/b/MFyXcB/n2dXM
http://paperpile.com/b/MFyXcB/n2dXM
http://paperpile.com/b/MFyXcB/n2dXM
http://paperpile.com/b/MFyXcB/iqjwC
http://paperpile.com/b/MFyXcB/iqjwC
http://paperpile.com/b/MFyXcB/iqjwC
http://paperpile.com/b/MFyXcB/iqjwC
http://paperpile.com/b/MFyXcB/iqjwC
http://paperpile.com/b/MFyXcB/iqjwC
http://paperpile.com/b/MFyXcB/xwxln
http://paperpile.com/b/MFyXcB/xwxln
http://paperpile.com/b/MFyXcB/xwxln
http://paperpile.com/b/MFyXcB/xwxln
http://paperpile.com/b/MFyXcB/xwxln
http://paperpile.com/b/MFyXcB/xwxln
http://paperpile.com/b/MFyXcB/hEmB0
http://paperpile.com/b/MFyXcB/hEmB0

1026

1027
1028
1029

1030
1031

1032
1033

1034
1035

1036
1037

1038
1039
1040

1041
1042

1043
1044

1045
1046
1047

1048
1049
1050

1051
1052

1053
1054
1055

1056
1057

1058
1059

1060
1061

Biocontrol. Springer, Cham.

Jault, P. et al. (2019) ‘Efficacy and tolerability of a cocktail of bacteriophages to treat burn
wounds infected by Pseudomonas aeruginosa (PhagoBurn): a randomised, controlled, double-
blind phase 1/2 trial’, The Lancet infectious diseases, 19(1), pp. 35-45.

Jiang, Z. et al. (2020) ‘Aminoglycoside Antibiotics Inhibit Mycobacteriophage Infection’,
Antibiotics (Basel, Switzerland), 9(10). doi:10.3390/antibiotics9100714.

Jodo, J. et al. (2021) ‘Manufacturing of bacteriophages for therapeutic applications’,
Biotechnology advances, 49, p. 107758.

Jonczyk, E. et al. (2011) ‘The influence of external factors on bacteriophages—review’, Folia
Microbiologica, pp. 191-200. doi:10.1007/s12223-011-0039-8.

Kampf, G. (2018) ‘Biocidal Agents Used for Disinfection Can Enhance Antibiotic Resistance in
Gram-Negative Species’, Antibiotics, p. 110. doi:10.3390/antibiotics7040110.

Kang, S.E. et al. (2022) ‘Evidence for the agricultural origin of resistance to multiple
antimicrobials in Aspergillus fumigatus, a fungal pathogen of humans’, G3, 12(2).
doi:10.1093/g3journal/jkab427.

Kauffman, K.M. and Polz, M.F. (2018) ‘Streamlining standard bacteriophage methods for higher
throughput’, MethodsX, 5, pp. 159-172.

Kering, K.K. et al. (2020) ‘Application of Adaptive Evolution to Improve the Stability of
Bacteriophages during Storage’, Viruses, 12(4). doi:10.3390/v12040423.

Kever, L. et al. (2021) ‘Aminoglycoside antibiotics inhibit phage infection by blocking an early
step of the phage infection cycle’, bioRxiv [Preprint]. Available at:
https://www.biorxiv.org/content/10.1101/2021.05.02.442312v1.abstract.

Kilcher, S. et al. (2018) ‘Cross-genus rebooting of custom-made, synthetic bacteriophage
genomes in L-form bacteria’, Proceedings of the National Academy of Sciences of the United
States of America, 115(3), pp. 567-572.

Kilcher, S. and Loessner, M.J. (2019) ‘Engineering Bacteriophages as Versatile Biologics’,
Trends in microbiology, 27(4), pp. 355-367.

Kim, S., Lieberman, T.D. and Kishony, R. (2014) ‘Alternating antibiotic treatments constrain
evolutionary paths to multidrug resistance’, Proceedings of the National Academy of Sciences of
the United States of America, 111(40), pp. 14494—-14499.

Knight, G.M. et al. (2021) ‘Antimicrobial resistance and COVID-19: Intersections and
implications’, eLife, 10. doi:10.7554/eLife.64139.

Koo, B.-M. et al. (2017) ‘Construction and Analysis of Two Genome-Scale Deletion Libraries for
Bacillus subtilis’, Cell systems, 4(3), pp. 291-305.e7.

Kortright, K.E. et al. (2019) ‘Phage Therapy: A Renewed Approach to Combat Antibiotic-
Resistant Bacteria’, Cell host & microbe, 25(2), pp. 219-232.

28


http://paperpile.com/b/MFyXcB/hEmB0
http://paperpile.com/b/MFyXcB/hEmB0
http://paperpile.com/b/MFyXcB/JUYKh
http://paperpile.com/b/MFyXcB/JUYKh
http://paperpile.com/b/MFyXcB/JUYKh
http://paperpile.com/b/MFyXcB/JUYKh
http://paperpile.com/b/MFyXcB/JUYKh
http://paperpile.com/b/MFyXcB/JUYKh
http://paperpile.com/b/MFyXcB/JUYKh
http://paperpile.com/b/MFyXcB/hh8xs
http://paperpile.com/b/MFyXcB/hh8xs
http://paperpile.com/b/MFyXcB/hh8xs
http://paperpile.com/b/MFyXcB/hh8xs
http://paperpile.com/b/MFyXcB/hh8xs
http://paperpile.com/b/MFyXcB/hh8xs
http://dx.doi.org/10.3390/antibiotics9100714
http://dx.doi.org/10.3390/antibiotics9100714
http://paperpile.com/b/MFyXcB/EAl9R
http://paperpile.com/b/MFyXcB/EAl9R
http://paperpile.com/b/MFyXcB/EAl9R
http://paperpile.com/b/MFyXcB/EAl9R
http://paperpile.com/b/MFyXcB/EAl9R
http://paperpile.com/b/MFyXcB/EAl9R
http://paperpile.com/b/MFyXcB/9GtP0
http://paperpile.com/b/MFyXcB/9GtP0
http://paperpile.com/b/MFyXcB/9GtP0
http://paperpile.com/b/MFyXcB/9GtP0
http://paperpile.com/b/MFyXcB/9GtP0
http://paperpile.com/b/MFyXcB/9GtP0
http://dx.doi.org/10.1007/s12223-011-0039-8
http://dx.doi.org/10.1007/s12223-011-0039-8
http://paperpile.com/b/MFyXcB/WMBh7
http://paperpile.com/b/MFyXcB/WMBh7
http://paperpile.com/b/MFyXcB/WMBh7
http://paperpile.com/b/MFyXcB/WMBh7
http://dx.doi.org/10.3390/antibiotics7040110
http://dx.doi.org/10.3390/antibiotics7040110
http://paperpile.com/b/MFyXcB/Se0JO
http://paperpile.com/b/MFyXcB/Se0JO
http://paperpile.com/b/MFyXcB/Se0JO
http://paperpile.com/b/MFyXcB/Se0JO
http://paperpile.com/b/MFyXcB/Se0JO
http://paperpile.com/b/MFyXcB/Se0JO
http://paperpile.com/b/MFyXcB/Se0JO
http://paperpile.com/b/MFyXcB/Se0JO
http://paperpile.com/b/MFyXcB/Se0JO
http://paperpile.com/b/MFyXcB/pvzbE
http://paperpile.com/b/MFyXcB/pvzbE
http://paperpile.com/b/MFyXcB/pvzbE
http://paperpile.com/b/MFyXcB/pvzbE
http://paperpile.com/b/MFyXcB/pXSTt
http://paperpile.com/b/MFyXcB/pXSTt
http://paperpile.com/b/MFyXcB/pXSTt
http://paperpile.com/b/MFyXcB/pXSTt
http://paperpile.com/b/MFyXcB/pXSTt
http://paperpile.com/b/MFyXcB/pXSTt
http://dx.doi.org/10.3390/v12040423
http://dx.doi.org/10.3390/v12040423
http://paperpile.com/b/MFyXcB/hZvSH
http://paperpile.com/b/MFyXcB/hZvSH
http://paperpile.com/b/MFyXcB/hZvSH
http://paperpile.com/b/MFyXcB/hZvSH
http://paperpile.com/b/MFyXcB/hZvSH
http://paperpile.com/b/MFyXcB/hZvSH
https://www.biorxiv.org/content/10.1101/2021.05.02.442312v1.abstract
https://www.biorxiv.org/content/10.1101/2021.05.02.442312v1.abstract
http://paperpile.com/b/MFyXcB/xwvNU
http://paperpile.com/b/MFyXcB/xwvNU
http://paperpile.com/b/MFyXcB/xwvNU
http://paperpile.com/b/MFyXcB/xwvNU
http://paperpile.com/b/MFyXcB/xwvNU
http://paperpile.com/b/MFyXcB/xwvNU
http://paperpile.com/b/MFyXcB/xwvNU
http://paperpile.com/b/MFyXcB/BxkYu
http://paperpile.com/b/MFyXcB/BxkYu
http://paperpile.com/b/MFyXcB/BxkYu
http://paperpile.com/b/MFyXcB/BxkYu
http://paperpile.com/b/MFyXcB/spmf1
http://paperpile.com/b/MFyXcB/spmf1
http://paperpile.com/b/MFyXcB/spmf1
http://paperpile.com/b/MFyXcB/spmf1
http://paperpile.com/b/MFyXcB/spmf1
http://paperpile.com/b/MFyXcB/GSmVf
http://paperpile.com/b/MFyXcB/GSmVf
http://paperpile.com/b/MFyXcB/GSmVf
http://paperpile.com/b/MFyXcB/GSmVf
http://paperpile.com/b/MFyXcB/GSmVf
http://paperpile.com/b/MFyXcB/GSmVf
http://dx.doi.org/10.7554/eLife.64139
http://dx.doi.org/10.7554/eLife.64139
http://paperpile.com/b/MFyXcB/MsfNo
http://paperpile.com/b/MFyXcB/MsfNo
http://paperpile.com/b/MFyXcB/MsfNo
http://paperpile.com/b/MFyXcB/MsfNo
http://paperpile.com/b/MFyXcB/MsfNo
http://paperpile.com/b/MFyXcB/MsfNo
http://paperpile.com/b/MFyXcB/9yrWm
http://paperpile.com/b/MFyXcB/9yrWm
http://paperpile.com/b/MFyXcB/9yrWm
http://paperpile.com/b/MFyXcB/9yrWm
http://paperpile.com/b/MFyXcB/9yrWm
http://paperpile.com/b/MFyXcB/9yrWm

1062
1063
1064

1065
1066

1067
1068

1069
1070

1071

1072
1073

1074
1075

1076
1077

1078
1079

1080
1081

1082
1083
1084

1085
1086

1087
1088

1089
1090

1091
1092
1093

1094
1095

1096
1097

Kortright, K.E., Chan, B.K. and Turner, P.E. (2020) ‘High-throughput discovery of phage
receptors using transposon insertion sequencing of bacteria’, Proceedings of the National
Academy of Sciences of the United States of America, 117(31), pp. 18670-18679.

Koskella, B. and Taylor, T.B. (2018) ‘Multifaceted Impacts of Bacteriophages in the Plant
Microbiome’, Annual review of phytopathology, 56, pp. 361-380.

Kutter, E. et al. (2010) ‘Phage therapy in clinical practice: treatment of human infections’,
Current pharmaceutical biotechnology, 11(1), pp. 69-86.

Kutter, E.M., Kuhl, S.J. and Abedon, S.T. (2015) ‘Re-establishing a place for phage therapy in
western medicine’, Future microbiology, 10(5), pp. 685—688.

Kutter, E. and Sulakvelidze, A. (2004) Bacteriophages: Biology and Applications. CRC Press.

LeGault, K.N. et al. (2021) ‘Temporal shifts in antibiotic resistance elements govern phage-
pathogen conflicts’, Science, 373(6554). doi:10.1126/science.abg2166.

Lemire, S., Yehl, K.M. and Lu, T.K. (2018) ‘Phage-Based Applications in Synthetic Biology’,
Annual review of virology, 5(1), pp. 453—-476.

Lenneman, B.R. et al. (2021) ‘Enhancing phage therapy through synthetic biology and genome
engineering’, Current opinion in biotechnology, 68, pp. 151-159.

Lenski, R.E. (2017a) ‘Experimental evolution and the dynamics of adaptation and genome
evolution in microbial populations’, The ISME journal, 11(10), pp. 2181-2194.

Lenski, R.E. (2017b) ‘What is adaptation by natural selection? Perspectives of an experimental
microbiologist’, PLoS genetics, 13(4), p. €1006668.

Lindell, A.E., Zimmermann-Kogadeeva, M. and Patil, K.R. (2022) ‘Multimodal interactions of
drugs, natural compounds and pollutants with the gut microbiota’, Nature reviews. Microbiology
[Preprint]. doi:10.1038/s41579-022-00681-5.

Liu, B. et al. (2019) ‘VFDB 2019: a comparative pathogenomic platform with an interactive web
interface’, Nucleic acids research, 47(D1), pp. D687-D692.

Liu, D. et al. (2021) ‘The Safety and Toxicity of Phage Therapy: A Review of Animal and Clinical
Studies’, Viruses, 13(7). doi:10.3390/v13071268.

Liu, M. et al. (2019) ‘ICEberg 2.0: an updated database of bacterial integrative and conjugative
elements’, Nucleic acids research, 47(D1), pp. D660-D665.

Liu, X. et al. (2013) ‘High-resolution view of bacteriophage lambda gene expression by
ribosome profiling’, Proceedings of the National Academy of Sciences of the United States of
America, 110(29), pp. 11928-11933.

Liu, X. et al. (2017) ‘High- throughput CRISPRIi phenotyping identifies new essential genes in
Streptococcus pneumoniae’, Molecular systems biology, 13(5), p. 931.

Li, W. et al. (2021) ‘RefSeq: expanding the Prokaryotic Genome Annotation Pipeline reach with
protein family model curation’, Nucleic acids research, 49(D1), pp. D1020-D1028.

29


http://paperpile.com/b/MFyXcB/CU4dD
http://paperpile.com/b/MFyXcB/CU4dD
http://paperpile.com/b/MFyXcB/CU4dD
http://paperpile.com/b/MFyXcB/CU4dD
http://paperpile.com/b/MFyXcB/CU4dD
http://paperpile.com/b/MFyXcB/ACzpe
http://paperpile.com/b/MFyXcB/ACzpe
http://paperpile.com/b/MFyXcB/ACzpe
http://paperpile.com/b/MFyXcB/ACzpe
http://paperpile.com/b/MFyXcB/WuwSI
http://paperpile.com/b/MFyXcB/WuwSI
http://paperpile.com/b/MFyXcB/WuwSI
http://paperpile.com/b/MFyXcB/WuwSI
http://paperpile.com/b/MFyXcB/WuwSI
http://paperpile.com/b/MFyXcB/WuwSI
http://paperpile.com/b/MFyXcB/v8fIE
http://paperpile.com/b/MFyXcB/v8fIE
http://paperpile.com/b/MFyXcB/v8fIE
http://paperpile.com/b/MFyXcB/v8fIE
http://paperpile.com/b/MFyXcB/GDIV8
http://paperpile.com/b/MFyXcB/GDIV8
http://paperpile.com/b/MFyXcB/GDIV8
http://paperpile.com/b/MFyXcB/FlClD
http://paperpile.com/b/MFyXcB/FlClD
http://paperpile.com/b/MFyXcB/FlClD
http://paperpile.com/b/MFyXcB/FlClD
http://paperpile.com/b/MFyXcB/FlClD
http://paperpile.com/b/MFyXcB/FlClD
http://dx.doi.org/10.1126/science.abg2166
http://dx.doi.org/10.1126/science.abg2166
http://paperpile.com/b/MFyXcB/MrqHU
http://paperpile.com/b/MFyXcB/MrqHU
http://paperpile.com/b/MFyXcB/MrqHU
http://paperpile.com/b/MFyXcB/MrqHU
http://paperpile.com/b/MFyXcB/br7ly
http://paperpile.com/b/MFyXcB/br7ly
http://paperpile.com/b/MFyXcB/br7ly
http://paperpile.com/b/MFyXcB/br7ly
http://paperpile.com/b/MFyXcB/br7ly
http://paperpile.com/b/MFyXcB/br7ly
http://paperpile.com/b/MFyXcB/ewLFg
http://paperpile.com/b/MFyXcB/ewLFg
http://paperpile.com/b/MFyXcB/ewLFg
http://paperpile.com/b/MFyXcB/ewLFg
http://paperpile.com/b/MFyXcB/c02Z0
http://paperpile.com/b/MFyXcB/c02Z0
http://paperpile.com/b/MFyXcB/c02Z0
http://paperpile.com/b/MFyXcB/c02Z0
http://paperpile.com/b/MFyXcB/vfQjk
http://paperpile.com/b/MFyXcB/vfQjk
http://paperpile.com/b/MFyXcB/vfQjk
http://paperpile.com/b/MFyXcB/vfQjk
http://paperpile.com/b/MFyXcB/vfQjk
http://paperpile.com/b/MFyXcB/vfQjk
http://paperpile.com/b/MFyXcB/vfQjk
http://paperpile.com/b/MFyXcB/fLY6A
http://paperpile.com/b/MFyXcB/fLY6A
http://paperpile.com/b/MFyXcB/fLY6A
http://paperpile.com/b/MFyXcB/fLY6A
http://paperpile.com/b/MFyXcB/fLY6A
http://paperpile.com/b/MFyXcB/fLY6A
http://paperpile.com/b/MFyXcB/GqedY
http://paperpile.com/b/MFyXcB/GqedY
http://paperpile.com/b/MFyXcB/GqedY
http://paperpile.com/b/MFyXcB/GqedY
http://paperpile.com/b/MFyXcB/GqedY
http://paperpile.com/b/MFyXcB/GqedY
http://dx.doi.org/10.3390/v13071268
http://dx.doi.org/10.3390/v13071268
http://paperpile.com/b/MFyXcB/xHlas
http://paperpile.com/b/MFyXcB/xHlas
http://paperpile.com/b/MFyXcB/xHlas
http://paperpile.com/b/MFyXcB/xHlas
http://paperpile.com/b/MFyXcB/xHlas
http://paperpile.com/b/MFyXcB/xHlas
http://paperpile.com/b/MFyXcB/DOFCp
http://paperpile.com/b/MFyXcB/DOFCp
http://paperpile.com/b/MFyXcB/DOFCp
http://paperpile.com/b/MFyXcB/DOFCp
http://paperpile.com/b/MFyXcB/DOFCp
http://paperpile.com/b/MFyXcB/DOFCp
http://paperpile.com/b/MFyXcB/DOFCp
http://paperpile.com/b/MFyXcB/xHQpv
http://paperpile.com/b/MFyXcB/xHQpv
http://paperpile.com/b/MFyXcB/xHQpv
http://paperpile.com/b/MFyXcB/xHQpv
http://paperpile.com/b/MFyXcB/xHQpv
http://paperpile.com/b/MFyXcB/xHQpv
http://paperpile.com/b/MFyXcB/cVe5o
http://paperpile.com/b/MFyXcB/cVe5o
http://paperpile.com/b/MFyXcB/cVe5o
http://paperpile.com/b/MFyXcB/cVe5o
http://paperpile.com/b/MFyXcB/cVe5o
http://paperpile.com/b/MFyXcB/cVe5o

1098
1099

1100
1101

1102
1103

1104
1105
1106

1107
1108

1109
1110

1111
1112

1113
1114

1115
1116

1117
1118

1119
1120

1121
1122
1123

1124
1125

1126
1127

1128
1129

1130
1131

1132
1133

Loc-Carrillo, C. and Abedon, S.T. (2011) ‘Pros and cons of phage therapy’, Bacteriophage, 1(2),
pp. 111-114.

Luong, T. et al. (2020) ‘Standardized bacteriophage purification for personalized phage therapy’,
Nature protocols, 15(9), pp. 2867-2890.

Luong, T., Salabarria, A.-C. and Roach, D.R. (2020) ‘Phage Therapy in the Resistance Era:
Where Do We Stand and Where Are We Going?’, Clinical therapeutics, 42(9), pp. 1659-1680.

Lu, T.K. and Collins, J.J. (2007) ‘Dispersing biofilms with engineered enzymatic bacteriophage’,
Proceedings of the National Academy of Sciences of the United States of America, 104(27), pp.
11197-11202.

Maffei, E. et al. (2021) ‘Systematic exploration of Escherichia coli phage—host interactions with
the BASEL phage collection’, PLoS biology, 19(11), p. e3001424.

Mageeney, C.M. et al. (2020) ‘Computational Basis for On-Demand Production of Diversified
Therapeutic Phage Cocktails’, mSystems, 5(4). doi:10.1128/mSystems.00659-20.

Mahase, E. (2019) ‘Use some antibiotics more and others less to stem resistance, says WHO’,
BMJ , 365, p. 14282,

Malik, D.J. et al. (2017) ‘Formulation, stabilisation and encapsulation of bacteriophage for phage
therapy’, Advances in colloid and interface science, 249, pp. 100-133.

Malik, D.J. (2021) ‘Approaches for manufacture, formulation, targeted delivery and controlled
release of phage-based therapeutics’, Current opinion in biotechnology, 68, pp. 262-271.

Malik, D.J. and Resch, G. (2020) ‘Editorial: Manufacturing, Formulation and Delivery Issues for
Phage Therapy to Become A Reality’, Frontiers in microbiology, 11, p. 584137.

Maltas, J., Krasnick, B. and Wood, K.B. (2020) ‘Using Selection by Nonantibiotic Stressors to
Sensitize Bacteria to Antibiotics’, Molecular biology and evolution, 37(5), pp. 1394-1406.

Mangalea, M.R. and Duerkop, B.A. (2020) ‘Fitness Trade-Offs Resulting from Bacteriophage
Resistance Potentiate Synergistic Antibacterial Strategies’, Infection and immunity, 88(7).
doi:10.1128/1A1.00926-19.

Mariathasan, S. and Tan, M.-W. (2017) ‘Antibody—Antibiotic Conjugates: A Novel Therapeutic
Platform against Bacterial Infections’, Trends in molecular medicine, 23(2), pp. 135-149.

Marinelli, L.J., Hatfull, G.F. and Piuri, M. (2012) ‘Recombineering: A powerful tool for
modification of bacteriophage genomes’, Bacteriophage, 2(1), pp. 5-14.

Marino, N.D. et al. (2020) ‘Anti-CRISPR protein applications: natural brakes for CRISPR-Cas
technologies’, Nature methods, 17(5), pp. 471-479.

Markwitz, P. et al. (2022) ‘Genome-driven elucidation of phage-host interplay and impact of
phage resistance evolution on bacterial fithess’, The ISME journal, 16(2), pp. 533-542.

Mattila, S., Ruotsalainen, P. and Jalasvuori, M. (2015) ‘On-Demand Isolation of Bacteriophages
Against Drug-Resistant Bacteria for Personalized Phage Therapy’, Frontiers in microbiology, 6,

30


http://paperpile.com/b/MFyXcB/LAFlj
http://paperpile.com/b/MFyXcB/LAFlj
http://paperpile.com/b/MFyXcB/LAFlj
http://paperpile.com/b/MFyXcB/LAFlj
http://paperpile.com/b/MFyXcB/4nwGS
http://paperpile.com/b/MFyXcB/4nwGS
http://paperpile.com/b/MFyXcB/4nwGS
http://paperpile.com/b/MFyXcB/4nwGS
http://paperpile.com/b/MFyXcB/4nwGS
http://paperpile.com/b/MFyXcB/4nwGS
http://paperpile.com/b/MFyXcB/hk8wi
http://paperpile.com/b/MFyXcB/hk8wi
http://paperpile.com/b/MFyXcB/hk8wi
http://paperpile.com/b/MFyXcB/hk8wi
http://paperpile.com/b/MFyXcB/rAdBQ
http://paperpile.com/b/MFyXcB/rAdBQ
http://paperpile.com/b/MFyXcB/rAdBQ
http://paperpile.com/b/MFyXcB/rAdBQ
http://paperpile.com/b/MFyXcB/rAdBQ
http://paperpile.com/b/MFyXcB/Xosh1
http://paperpile.com/b/MFyXcB/Xosh1
http://paperpile.com/b/MFyXcB/Xosh1
http://paperpile.com/b/MFyXcB/Xosh1
http://paperpile.com/b/MFyXcB/Xosh1
http://paperpile.com/b/MFyXcB/Xosh1
http://paperpile.com/b/MFyXcB/Ce0Y8
http://paperpile.com/b/MFyXcB/Ce0Y8
http://paperpile.com/b/MFyXcB/Ce0Y8
http://paperpile.com/b/MFyXcB/Ce0Y8
http://paperpile.com/b/MFyXcB/Ce0Y8
http://paperpile.com/b/MFyXcB/Ce0Y8
http://dx.doi.org/10.1128/mSystems.00659-20
http://dx.doi.org/10.1128/mSystems.00659-20
http://paperpile.com/b/MFyXcB/fwjcj
http://paperpile.com/b/MFyXcB/fwjcj
http://paperpile.com/b/MFyXcB/fwjcj
http://paperpile.com/b/MFyXcB/fwjcj
http://paperpile.com/b/MFyXcB/vKa0D
http://paperpile.com/b/MFyXcB/vKa0D
http://paperpile.com/b/MFyXcB/vKa0D
http://paperpile.com/b/MFyXcB/vKa0D
http://paperpile.com/b/MFyXcB/vKa0D
http://paperpile.com/b/MFyXcB/vKa0D
http://paperpile.com/b/MFyXcB/lPrQU
http://paperpile.com/b/MFyXcB/lPrQU
http://paperpile.com/b/MFyXcB/lPrQU
http://paperpile.com/b/MFyXcB/lPrQU
http://paperpile.com/b/MFyXcB/EBoYV
http://paperpile.com/b/MFyXcB/EBoYV
http://paperpile.com/b/MFyXcB/EBoYV
http://paperpile.com/b/MFyXcB/EBoYV
http://paperpile.com/b/MFyXcB/fnvkM
http://paperpile.com/b/MFyXcB/fnvkM
http://paperpile.com/b/MFyXcB/fnvkM
http://paperpile.com/b/MFyXcB/fnvkM
http://paperpile.com/b/MFyXcB/IeJ5x
http://paperpile.com/b/MFyXcB/IeJ5x
http://paperpile.com/b/MFyXcB/IeJ5x
http://paperpile.com/b/MFyXcB/IeJ5x
http://paperpile.com/b/MFyXcB/IeJ5x
http://paperpile.com/b/MFyXcB/IeJ5x
http://paperpile.com/b/MFyXcB/IeJ5x
http://paperpile.com/b/MFyXcB/ts7TD
http://paperpile.com/b/MFyXcB/ts7TD
http://paperpile.com/b/MFyXcB/ts7TD
http://paperpile.com/b/MFyXcB/ts7TD
http://paperpile.com/b/MFyXcB/KooPr
http://paperpile.com/b/MFyXcB/KooPr
http://paperpile.com/b/MFyXcB/KooPr
http://paperpile.com/b/MFyXcB/KooPr
http://paperpile.com/b/MFyXcB/rIJNs
http://paperpile.com/b/MFyXcB/rIJNs
http://paperpile.com/b/MFyXcB/rIJNs
http://paperpile.com/b/MFyXcB/rIJNs
http://paperpile.com/b/MFyXcB/rIJNs
http://paperpile.com/b/MFyXcB/rIJNs
http://paperpile.com/b/MFyXcB/sHgiu
http://paperpile.com/b/MFyXcB/sHgiu
http://paperpile.com/b/MFyXcB/sHgiu
http://paperpile.com/b/MFyXcB/sHgiu
http://paperpile.com/b/MFyXcB/sHgiu
http://paperpile.com/b/MFyXcB/sHgiu
http://paperpile.com/b/MFyXcB/nYdEd
http://paperpile.com/b/MFyXcB/nYdEd
http://paperpile.com/b/MFyXcB/nYdEd
http://paperpile.com/b/MFyXcB/nYdEd

1134  p. 1271.

1135 Mayers, D. (2009) Antimicrobial Drug Resistance: Clinical and Epidemiological Aspects, Volume
1136 2. Springer Science & Business Media.

1137  MccCallin, S. et al. (2018) ‘Metagenome analysis of Russian and Georgian Pyophage cocktails
1138 and a placebo-controlled safety trial of single phage versus phage cocktail in

1139 healthyStaphylococcus aureuscarriers’, Environmental Microbiology, pp. 3278-3293.

1140  doi:10.1111/1462-2920.14310.

1141  McCallin, S. et al. (2019) ‘Current State of Compassionate Phage Therapy’, Viruses, 11(4).
1142  doi:10.3390/v11040343.

1143  McDonnell, G. and Russell, A.D. (1999) ‘Antiseptics and disinfectants: activity, action, and
1144  resistance’, Clinical microbiology reviews, 12(1), pp. 147-179.

1145 McNair, K. et al. (2019) ‘PHANOTATE: a novel approach to gene identification in phage
1146  genomes’, Bioinformatics , 35(22), pp. 4537-4542.

1147 Meaden, S. and Koskella, B. (2013) ‘Exploring the risks of phage application in the
1148 environment’, Frontiers in microbiology, 4, p. 358.

1149 Meeske, A.J., Nakandakari-Higa, S. and Marraffini, L.A. (2019) ‘Cas13-induced cellular
1150 dormancy prevents the rise of CRISPR-resistant bacteriophage’, Nature, 570(7760), pp. 241—
1151  245.

1152  Meyer, J.R. et al. (2012) ‘Repeatability and contingency in the evolution of a key innovation in
1153 phage lambda’, Science, 335(6067), pp. 428-432.

1154  Miethke, M. et al. (2021) ‘Towards the sustainable discovery and development of new
1155 antibiotics’, Nature reviews. Chemistry, pp. 1-24.

1156  Murray, C.J.L. et al. (2022) ‘Global burden of bacterial antimicrobial resistance in 2019: a
1157  systematic analysis’, The Lancet, 399(10325), pp. 629—-655.

1158  Mutalik, V.K. et al. (2019) ‘Dual-barcoded shotgun expression library sequencing for high-
1159 throughput characterization of functional traits in bacteria’, Nature communications, 10(1), p.
1160  308.

1161  Mutalik, V.K. et al. (2020) ‘High-throughput mapping of the phage resistance landscape in E.
1162  coli’, PLoS biology, 18(10), p. €3000877.

1163 Nale, J.Y. and Clokie, M.R. (2021) ‘Preclinical data and safety assessment of phage therapy in
1164 humans’, Current opinion in biotechnology, 68, pp. 310-317.

1165 National Academies of Sciences, Engineering, and Medicine et al. (2018) Combating
1166  Antimicrobial Resistance: A One Health Approach to a Global Threat: Proceedings of a
1167  Workshop. National Academies Press.

1168 National Academies of Sciences, Engineering, and Medicine et al. (2019) Biodefense in the Age
1169  of Synthetic Biology. National Academies Press.

31


http://paperpile.com/b/MFyXcB/nYdEd
http://paperpile.com/b/MFyXcB/CN74O
http://paperpile.com/b/MFyXcB/CN74O
http://paperpile.com/b/MFyXcB/CN74O
http://paperpile.com/b/MFyXcB/CN74O
http://paperpile.com/b/MFyXcB/GZu8h
http://paperpile.com/b/MFyXcB/GZu8h
http://paperpile.com/b/MFyXcB/GZu8h
http://paperpile.com/b/MFyXcB/GZu8h
http://paperpile.com/b/MFyXcB/GZu8h
http://paperpile.com/b/MFyXcB/GZu8h
http://paperpile.com/b/MFyXcB/GZu8h
http://paperpile.com/b/MFyXcB/GZu8h
http://dx.doi.org/10.1111/1462-2920.14310
http://dx.doi.org/10.1111/1462-2920.14310
http://paperpile.com/b/MFyXcB/IAa7h
http://paperpile.com/b/MFyXcB/IAa7h
http://paperpile.com/b/MFyXcB/IAa7h
http://paperpile.com/b/MFyXcB/IAa7h
http://paperpile.com/b/MFyXcB/IAa7h
http://paperpile.com/b/MFyXcB/IAa7h
http://dx.doi.org/10.3390/v11040343
http://dx.doi.org/10.3390/v11040343
http://paperpile.com/b/MFyXcB/wv5qk
http://paperpile.com/b/MFyXcB/wv5qk
http://paperpile.com/b/MFyXcB/wv5qk
http://paperpile.com/b/MFyXcB/wv5qk
http://paperpile.com/b/MFyXcB/sfyby
http://paperpile.com/b/MFyXcB/sfyby
http://paperpile.com/b/MFyXcB/sfyby
http://paperpile.com/b/MFyXcB/sfyby
http://paperpile.com/b/MFyXcB/sfyby
http://paperpile.com/b/MFyXcB/sfyby
http://paperpile.com/b/MFyXcB/2e1js
http://paperpile.com/b/MFyXcB/2e1js
http://paperpile.com/b/MFyXcB/2e1js
http://paperpile.com/b/MFyXcB/2e1js
http://paperpile.com/b/MFyXcB/WiKNm
http://paperpile.com/b/MFyXcB/WiKNm
http://paperpile.com/b/MFyXcB/WiKNm
http://paperpile.com/b/MFyXcB/WiKNm
http://paperpile.com/b/MFyXcB/WiKNm
http://paperpile.com/b/MFyXcB/4ozdi
http://paperpile.com/b/MFyXcB/4ozdi
http://paperpile.com/b/MFyXcB/4ozdi
http://paperpile.com/b/MFyXcB/4ozdi
http://paperpile.com/b/MFyXcB/4ozdi
http://paperpile.com/b/MFyXcB/4ozdi
http://paperpile.com/b/MFyXcB/Tgraf
http://paperpile.com/b/MFyXcB/Tgraf
http://paperpile.com/b/MFyXcB/Tgraf
http://paperpile.com/b/MFyXcB/Tgraf
http://paperpile.com/b/MFyXcB/Tgraf
http://paperpile.com/b/MFyXcB/Tgraf
http://paperpile.com/b/MFyXcB/YJjqy
http://paperpile.com/b/MFyXcB/YJjqy
http://paperpile.com/b/MFyXcB/YJjqy
http://paperpile.com/b/MFyXcB/YJjqy
http://paperpile.com/b/MFyXcB/YJjqy
http://paperpile.com/b/MFyXcB/YJjqy
http://paperpile.com/b/MFyXcB/aTykH
http://paperpile.com/b/MFyXcB/aTykH
http://paperpile.com/b/MFyXcB/aTykH
http://paperpile.com/b/MFyXcB/aTykH
http://paperpile.com/b/MFyXcB/aTykH
http://paperpile.com/b/MFyXcB/aTykH
http://paperpile.com/b/MFyXcB/aTykH
http://paperpile.com/b/MFyXcB/U2B0H
http://paperpile.com/b/MFyXcB/U2B0H
http://paperpile.com/b/MFyXcB/U2B0H
http://paperpile.com/b/MFyXcB/U2B0H
http://paperpile.com/b/MFyXcB/U2B0H
http://paperpile.com/b/MFyXcB/U2B0H
http://paperpile.com/b/MFyXcB/WBDVG
http://paperpile.com/b/MFyXcB/WBDVG
http://paperpile.com/b/MFyXcB/WBDVG
http://paperpile.com/b/MFyXcB/WBDVG
http://paperpile.com/b/MFyXcB/BFQvM
http://paperpile.com/b/MFyXcB/BFQvM
http://paperpile.com/b/MFyXcB/BFQvM
http://paperpile.com/b/MFyXcB/BFQvM
http://paperpile.com/b/MFyXcB/BFQvM
http://paperpile.com/b/MFyXcB/BFQvM
http://paperpile.com/b/MFyXcB/BFQvM
http://paperpile.com/b/MFyXcB/3WGn7
http://paperpile.com/b/MFyXcB/3WGn7
http://paperpile.com/b/MFyXcB/3WGn7
http://paperpile.com/b/MFyXcB/3WGn7
http://paperpile.com/b/MFyXcB/3WGn7
http://paperpile.com/b/MFyXcB/3WGn7

1170
1171

1172
1173
1174

1175
1176

1177
1178

1179
1180

1181
1182

1183
1184
1185
1186

1187
1188
1189

1190
1191

1192
1193

1194
1195

1196
1197

1198
1199

1200
1201

1202
1203

1204
1205

Nayfach, S. et al. (2021) ‘CheckV assesses the quality and completeness of metagenome-
assembled viral genomes’, Nature biotechnology, 39(5), pp. 578-585.

Nelson, M.T. et al. (2019) ‘Human and Extracellular DNA Depletion for Metagenomic Analysis of
Complex Clinical Infection Samples Yields Optimized Viable Microbiome Profiles’, Cell reports,
26(8), pp. 2227-2240.€5.

Nobrega, F.L. et al. (2016) ‘Genetically manipulated phages with improved pH resistance for
oral administration in veterinary medicine’, Scientific reports, 6, p. 39235.

Nobrega, F.L. et al. (2018) ‘Targeting mechanisms of tailed bacteriophages’, Nature reviews.
Microbiology, 16(12), pp. 760-773.

OECD and World Health Organization (2020) Challenges to Tackling Antimicrobial Resistance
Economic and Policy Responses: Economic and Policy Responses. OECD Publishing.

Olechowski, A.L. et al. (2020) ‘Technology readiness levels: Shortcomings and improvement
opportunities’, Systems Engineering and Electronics, 23(4), pp. 395—-408.

O’Neill, J. and Others (2016) ‘Review on antimicrobial resistance: tackling drug-resistant
infections globally: final report and recommendations’, Review on antimicrobial resistance:
tackling drug-resistant infections globally: final report and recommendations. [Preprint].
Available at: https://www.cabdirect.org/globalhealth/abstract/20163354200.

Organization, W.H. and Others (2021) ‘WHO integrated global surveillance on ESBL-producing
E. coli using a “One Health” approach: implementation and opportunities’. Available at:
https://apps.who.int/iris/bitstream/handle/10665/340079/9789240021402-eng.pdf?sequence=1.

Pal, C. et al. (2017) ‘Metal Resistance and Its Association With Antibiotic Resistance’, Advances
in microbial physiology, 70, pp. 261-313.

Pal, C., Papp, B. and Lazar, V. (2015) ‘Collateral sensitivity of antibiotic-resistant microbes’,
Trends in microbiology, 23(7), pp. 401-407.

Palmer, A.C. and Kishony, R. (2013) ‘Understanding, predicting and manipulating the genotypic
evolution of antibiotic resistance’, Nature reviews. Genetics, 14(4), pp. 243-248.

Parmar, K.M. et al. (2017) ‘Intriguing Interaction of Bacteriophage-Host Association: An
Understanding in the Era of Omics’, Frontiers in microbiology, 8, p. 559.

Payne, D.J. et al. (2007) ‘Drugs for bad bugs: confronting the challenges of antibacterial
discovery’, Nature reviews. Drug discovery, 6(1), pp. 29-40.

Pelfrene, E. et al. (2016) ‘Bacteriophage therapy: a regulatory perspective’, The Journal of
antimicrobial chemotherapy, 71(8), pp. 2071-2074.

Penziner, S., Schooley, R.T. and Pride, D.T. (2021) ‘Animal models of phage therapy’, Frontiers
in microbiology, 12, p. 631794.

Peters, J.M. et al. (2019) ‘Enabling genetic analysis of diverse bacteria with Mobile-CRISPRY’,
Nature microbiology, 4(2), pp. 244-250.

32


http://paperpile.com/b/MFyXcB/CK06K
http://paperpile.com/b/MFyXcB/CK06K
http://paperpile.com/b/MFyXcB/CK06K
http://paperpile.com/b/MFyXcB/CK06K
http://paperpile.com/b/MFyXcB/CK06K
http://paperpile.com/b/MFyXcB/CK06K
http://paperpile.com/b/MFyXcB/kMEAx
http://paperpile.com/b/MFyXcB/kMEAx
http://paperpile.com/b/MFyXcB/kMEAx
http://paperpile.com/b/MFyXcB/kMEAx
http://paperpile.com/b/MFyXcB/kMEAx
http://paperpile.com/b/MFyXcB/kMEAx
http://paperpile.com/b/MFyXcB/kMEAx
http://paperpile.com/b/MFyXcB/WV9nq
http://paperpile.com/b/MFyXcB/WV9nq
http://paperpile.com/b/MFyXcB/WV9nq
http://paperpile.com/b/MFyXcB/WV9nq
http://paperpile.com/b/MFyXcB/WV9nq
http://paperpile.com/b/MFyXcB/WV9nq
http://paperpile.com/b/MFyXcB/8yAjl
http://paperpile.com/b/MFyXcB/8yAjl
http://paperpile.com/b/MFyXcB/8yAjl
http://paperpile.com/b/MFyXcB/8yAjl
http://paperpile.com/b/MFyXcB/8yAjl
http://paperpile.com/b/MFyXcB/8yAjl
http://paperpile.com/b/MFyXcB/PoMCf
http://paperpile.com/b/MFyXcB/PoMCf
http://paperpile.com/b/MFyXcB/PoMCf
http://paperpile.com/b/MFyXcB/PoMCf
http://paperpile.com/b/MFyXcB/ejadp
http://paperpile.com/b/MFyXcB/ejadp
http://paperpile.com/b/MFyXcB/ejadp
http://paperpile.com/b/MFyXcB/ejadp
http://paperpile.com/b/MFyXcB/ejadp
http://paperpile.com/b/MFyXcB/ejadp
http://paperpile.com/b/MFyXcB/GvUw6
http://paperpile.com/b/MFyXcB/GvUw6
http://paperpile.com/b/MFyXcB/GvUw6
http://paperpile.com/b/MFyXcB/GvUw6
http://paperpile.com/b/MFyXcB/GvUw6
http://paperpile.com/b/MFyXcB/GvUw6
https://www.cabdirect.org/globalhealth/abstract/20163354200
https://www.cabdirect.org/globalhealth/abstract/20163354200
http://paperpile.com/b/MFyXcB/sP1es
http://paperpile.com/b/MFyXcB/sP1es
https://apps.who.int/iris/bitstream/handle/10665/340079/9789240021402-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/340079/9789240021402-eng.pdf?sequence=1
http://paperpile.com/b/MFyXcB/GHATg
http://paperpile.com/b/MFyXcB/GHATg
http://paperpile.com/b/MFyXcB/GHATg
http://paperpile.com/b/MFyXcB/GHATg
http://paperpile.com/b/MFyXcB/GHATg
http://paperpile.com/b/MFyXcB/GHATg
http://paperpile.com/b/MFyXcB/qIoPV
http://paperpile.com/b/MFyXcB/qIoPV
http://paperpile.com/b/MFyXcB/qIoPV
http://paperpile.com/b/MFyXcB/qIoPV
http://paperpile.com/b/MFyXcB/vK9E3
http://paperpile.com/b/MFyXcB/vK9E3
http://paperpile.com/b/MFyXcB/vK9E3
http://paperpile.com/b/MFyXcB/vK9E3
http://paperpile.com/b/MFyXcB/vj0sF
http://paperpile.com/b/MFyXcB/vj0sF
http://paperpile.com/b/MFyXcB/vj0sF
http://paperpile.com/b/MFyXcB/vj0sF
http://paperpile.com/b/MFyXcB/vj0sF
http://paperpile.com/b/MFyXcB/vj0sF
http://paperpile.com/b/MFyXcB/NByxX
http://paperpile.com/b/MFyXcB/NByxX
http://paperpile.com/b/MFyXcB/NByxX
http://paperpile.com/b/MFyXcB/NByxX
http://paperpile.com/b/MFyXcB/NByxX
http://paperpile.com/b/MFyXcB/NByxX
http://paperpile.com/b/MFyXcB/dhi10
http://paperpile.com/b/MFyXcB/dhi10
http://paperpile.com/b/MFyXcB/dhi10
http://paperpile.com/b/MFyXcB/dhi10
http://paperpile.com/b/MFyXcB/dhi10
http://paperpile.com/b/MFyXcB/dhi10
http://paperpile.com/b/MFyXcB/UsNcI
http://paperpile.com/b/MFyXcB/UsNcI
http://paperpile.com/b/MFyXcB/UsNcI
http://paperpile.com/b/MFyXcB/UsNcI
http://paperpile.com/b/MFyXcB/zX3yC
http://paperpile.com/b/MFyXcB/zX3yC
http://paperpile.com/b/MFyXcB/zX3yC
http://paperpile.com/b/MFyXcB/zX3yC
http://paperpile.com/b/MFyXcB/zX3yC
http://paperpile.com/b/MFyXcB/zX3yC

1206
1207

1208
1209

1210
1211

1212
1213

1214
1215

1216

1217
1218
1219

1220

1221
1222

1223
1224

1225
1226

1227
1228

1229
1230

1231
1232
1233

1234
1235

1236
1237
1238

1239
1240

Philipson, C.W. et al. (2018) ‘Characterizing Phage Genomes for Therapeutic Applications’,
Viruses, 10(4). doi:10.3390/v10040188.

Pires, D.P. et al. (2016) ‘Genetically Engineered Phages: a Review of Advances over the Last
Decade’, Microbiology and molecular biology reviews: MMBR, 80(3), pp. 523-543.

Pires, D.P. et al. (2017) ‘Phage therapy as an alternative or complementary strategy to prevent
and control biofilm-related infections’, Current opinion in microbiology, 39, pp. 48-56.

Pires, D.P. et al. (2021) ‘Designing P. aeruginosa synthetic phages with reduced genomes’,
Scientific reports, 11(1), p. 2164.

Pires, D.P., Melo, L.D.R. and Azeredo, J. (2021) ‘Understanding the Complex Phage-Host
Interactions in Biofilm Communities’, Annual review of virology, 8(1), pp. 73—-94.

Pirnay, J.-P. et al. (2018) ‘The Magistral Phage’, Viruses, 10(2). doi:10.3390/v10020064.

Pirnay, J.-P., Ferry, T. and Resch, G. (2021) ‘Recent progress toward the implementation of
phage therapy in Western medicine’, FEMS microbiology reviews [Preprint].
doi:10.1093/femsre/fuab040.

Plackett, B. (2020) ‘Why big pharma has abandoned antibiotics’, Nature, 586, p. S50+.

Poolman, J.T. (2020) ‘Expanding the role of bacterial vaccines into life-course vaccination
strategies and prevention of antimicrobial-resistant infections’, NPJ vaccines, 5, p. 84.

Popescu, M. et al. (2021) ‘Bacteriophages and the Immune System’, Annual review of virology,
8(1), pp. 415-435.

Price, M.N. et al. (2018) ‘Mutant phenotypes for thousands of bacterial genes of unknown
function’, Nature, 557(7706), pp. 503-509.

Ramsey, J. et al. (2020) ‘Galaxy and Apollo as a biologist-friendly interface for high-quality
cooperative phage genome annotation’, PLoS computational biology, 16(11), p. €1008214.

Reinheimer, J.A. (2012) Bacteriophages in Dairy Processing. Nova Science Publishers,
Incorporated.

Reyes, A. et al. (2013) ‘Gnotobiotic mouse model of phage—bacterial host dynamics in the
human gut’, Proceedings of the National Academy of Sciences of the United States of America,
110(50), pp. 20236—20241.

Rishi, H.S. et al. (2020) ‘Systematic genome-wide querying of coding and non-coding functional
elements in E. coli using CRISPRY’, bioRxiv. do0i:10.1101/2020.03.04.975888.

Rohde, C. et al. (2018) ‘Expert Opinion on Three Phage Therapy Related Topics: Bacterial
Phage Resistance, Phage Training and Prophages in Bacterial Production Strains’, Viruses,
10(4). doi:10.3390/v10040178.

Rousset, F. et al. (2018) ‘Genome-wide CRISPR-dCas9 screens in E. coli identify essential
genes and phage host factors’, PLoS genetics, 14(11), p. e1007749.

33


http://paperpile.com/b/MFyXcB/ive9t
http://paperpile.com/b/MFyXcB/ive9t
http://paperpile.com/b/MFyXcB/ive9t
http://paperpile.com/b/MFyXcB/ive9t
http://paperpile.com/b/MFyXcB/ive9t
http://paperpile.com/b/MFyXcB/ive9t
http://dx.doi.org/10.3390/v10040188
http://dx.doi.org/10.3390/v10040188
http://paperpile.com/b/MFyXcB/2gHmz
http://paperpile.com/b/MFyXcB/2gHmz
http://paperpile.com/b/MFyXcB/2gHmz
http://paperpile.com/b/MFyXcB/2gHmz
http://paperpile.com/b/MFyXcB/2gHmz
http://paperpile.com/b/MFyXcB/2gHmz
http://paperpile.com/b/MFyXcB/JwqwL
http://paperpile.com/b/MFyXcB/JwqwL
http://paperpile.com/b/MFyXcB/JwqwL
http://paperpile.com/b/MFyXcB/JwqwL
http://paperpile.com/b/MFyXcB/JwqwL
http://paperpile.com/b/MFyXcB/JwqwL
http://paperpile.com/b/MFyXcB/CjQTI
http://paperpile.com/b/MFyXcB/CjQTI
http://paperpile.com/b/MFyXcB/CjQTI
http://paperpile.com/b/MFyXcB/CjQTI
http://paperpile.com/b/MFyXcB/CjQTI
http://paperpile.com/b/MFyXcB/CjQTI
http://paperpile.com/b/MFyXcB/RZx8q
http://paperpile.com/b/MFyXcB/RZx8q
http://paperpile.com/b/MFyXcB/RZx8q
http://paperpile.com/b/MFyXcB/RZx8q
http://paperpile.com/b/MFyXcB/I9wWR
http://paperpile.com/b/MFyXcB/I9wWR
http://paperpile.com/b/MFyXcB/I9wWR
http://paperpile.com/b/MFyXcB/I9wWR
http://paperpile.com/b/MFyXcB/I9wWR
http://paperpile.com/b/MFyXcB/I9wWR
http://paperpile.com/b/MFyXcB/I9wWR
http://paperpile.com/b/MFyXcB/thAlY
http://paperpile.com/b/MFyXcB/thAlY
http://paperpile.com/b/MFyXcB/thAlY
http://paperpile.com/b/MFyXcB/thAlY
http://paperpile.com/b/MFyXcB/thAlY
http://paperpile.com/b/MFyXcB/thAlY
http://paperpile.com/b/MFyXcB/thAlY
http://paperpile.com/b/MFyXcB/POHe6
http://paperpile.com/b/MFyXcB/POHe6
http://paperpile.com/b/MFyXcB/POHe6
http://paperpile.com/b/MFyXcB/Bg8jQ
http://paperpile.com/b/MFyXcB/Bg8jQ
http://paperpile.com/b/MFyXcB/Bg8jQ
http://paperpile.com/b/MFyXcB/Bg8jQ
http://paperpile.com/b/MFyXcB/cZCbq
http://paperpile.com/b/MFyXcB/cZCbq
http://paperpile.com/b/MFyXcB/cZCbq
http://paperpile.com/b/MFyXcB/cZCbq
http://paperpile.com/b/MFyXcB/cZCbq
http://paperpile.com/b/MFyXcB/cZCbq
http://paperpile.com/b/MFyXcB/DJi8C
http://paperpile.com/b/MFyXcB/DJi8C
http://paperpile.com/b/MFyXcB/DJi8C
http://paperpile.com/b/MFyXcB/DJi8C
http://paperpile.com/b/MFyXcB/DJi8C
http://paperpile.com/b/MFyXcB/DJi8C
http://paperpile.com/b/MFyXcB/LjFg1
http://paperpile.com/b/MFyXcB/LjFg1
http://paperpile.com/b/MFyXcB/LjFg1
http://paperpile.com/b/MFyXcB/LjFg1
http://paperpile.com/b/MFyXcB/LjFg1
http://paperpile.com/b/MFyXcB/LjFg1
http://paperpile.com/b/MFyXcB/0uExS
http://paperpile.com/b/MFyXcB/0uExS
http://paperpile.com/b/MFyXcB/0uExS
http://paperpile.com/b/MFyXcB/0uExS
http://paperpile.com/b/MFyXcB/db1Hn
http://paperpile.com/b/MFyXcB/db1Hn
http://paperpile.com/b/MFyXcB/db1Hn
http://paperpile.com/b/MFyXcB/db1Hn
http://paperpile.com/b/MFyXcB/db1Hn
http://paperpile.com/b/MFyXcB/db1Hn
http://paperpile.com/b/MFyXcB/db1Hn
http://paperpile.com/b/MFyXcB/RZ3hj
http://paperpile.com/b/MFyXcB/RZ3hj
http://paperpile.com/b/MFyXcB/RZ3hj
http://paperpile.com/b/MFyXcB/RZ3hj
http://paperpile.com/b/MFyXcB/RZ3hj
http://paperpile.com/b/MFyXcB/RZ3hj
http://dx.doi.org/10.1101/2020.03.04.975888
http://dx.doi.org/10.1101/2020.03.04.975888
http://paperpile.com/b/MFyXcB/OdfF
http://paperpile.com/b/MFyXcB/OdfF
http://paperpile.com/b/MFyXcB/OdfF
http://paperpile.com/b/MFyXcB/OdfF
http://paperpile.com/b/MFyXcB/OdfF
http://paperpile.com/b/MFyXcB/OdfF
http://paperpile.com/b/MFyXcB/OdfF
http://paperpile.com/b/MFyXcB/OdfF
http://paperpile.com/b/MFyXcB/OdfF
http://paperpile.com/b/MFyXcB/z4FfT
http://paperpile.com/b/MFyXcB/z4FfT
http://paperpile.com/b/MFyXcB/z4FfT
http://paperpile.com/b/MFyXcB/z4FfT
http://paperpile.com/b/MFyXcB/z4FfT
http://paperpile.com/b/MFyXcB/z4FfT

1241
1242

1243
1244
1245

1246
1247

1248
1249

1250
1251

1252
1253
1254

1255
1256

1257
1258
1259

1260
1261
1262

1263
1264

1265
1266
1267

1268

1269
1270
1271

1272
1273

1274
1275
1276

1277

Roux, S., Paul, B.G., et al. (2021) ‘Ecology and molecular targets of hypermutation in the global
microbiome’, Nature communications, 12(1), p. 3076.

Roux, S., Paez-Espino, D., et al. (2021) ‘IMG/VR v3: an integrated ecological and evolutionary
framework for interrogating genomes of uncultivated viruses’, Nucleic acids research, 49(D1),
pp. D764-D775.

Rubin, B.E. et al. (2021) ‘Species- and site-specific genome editing in complex bacterial
communities’, Nature Microbiology, pp. 1-14.

Russ, D. et al. (2020) ‘Escape mutations circumvent a tradeoff between resistance to a beta-
lactam and resistance to a beta-lactamase inhibitor’, Nature communications, 11(1), p. 2029.

Sabour, P.M. and Griffiths, M.W. (2010) Bacteriophages in the Control of Food- and Waterborne
Pathogens. American Society for Microbiology Press.

Sadin, S.R., Povinelli, F.P. and Rosen, R. (1989) ‘THE NASA TECHNOLOGY PUSH
TOWARDS FUTURE SPACE MISSION SYSTEMS’, in Napolitano, L.G. (ed.) Space and
Humanity. Oxford: Pergamon, pp. 73-77.

Sandberg, T.E. et al. (2019) ‘The emergence of adaptive laboratory evolution as an efficient tool
for biological discovery and industrial biotechnology’, Metabolic engineering, 56, pp. 1-16.

Scanlan, P.D. et al. (2015) ‘Coevolution with bacteriophages drives genome-wide host evolution
and constrains the acquisition of abiotic-beneficial mutations’, Molecular biology and evolution,
32(6), pp. 1425-1435.

Scanlan, P.D., Buckling, A. and Hall, A.R. (2015) ‘Experimental evolution and bacterial
resistance: (co)evolutionary costs and trade-offs as opportunities in phage therapy research’,
Bacteriophage, p. €1050153. d0i:10.1080/21597081.2015.1050153.

Schmerer, M., Molineux, I.J. and Bull, J.J. (2014) ‘Synergy as a rationale for phage therapy
using phage cocktails’, PeerJ, 2, p. €590.

Scholl, D. et al. (2009) ‘An Engineered R-Type Pyocin Is a Highly Specific and Sensitive
Bactericidal Agent for the Food-Borne Pathogen Escherichia coli O157:H7’, Antimicrobial
agents and chemotherapy, 53(7), p. 3074.

Scholl, D. (2017) ‘Phage Tail-Like Bacteriocins’, Annual review of virology, 4(1), pp. 453—467.

Schwartz, M. (1980) ‘Interaction of Phages with their Receptor Proteins’, in Randall, L.L. and
Philipson, L. (eds) Virus Receptors: Part 1 Bacterial Viruses. Dordrecht: Springer Netherlands,
pp. 59-94.

Scortti, M. et al. (2018) ‘Epistatic control of intrinsic resistance by virulence genes in Listeria’,
PLoS genetics, 14(9), p. e1007525.

Segall, A.M., Roach, D.R. and Strathdee, S.A. (2019) ‘Stronger together? Perspectives on
phage-antibiotic synergy in clinical applications of phage therapy’, Current opinion in
microbiology, 51, pp. 46-50.

Shen, J. et al. (2018) ‘Efficient Genome Engineering of a Virulent Klebsiella Bacteriophage

34


http://paperpile.com/b/MFyXcB/KO2FG
http://paperpile.com/b/MFyXcB/KO2FG
http://paperpile.com/b/MFyXcB/KO2FG
http://paperpile.com/b/MFyXcB/KO2FG
http://paperpile.com/b/MFyXcB/KO2FG
http://paperpile.com/b/MFyXcB/KO2FG
http://paperpile.com/b/MFyXcB/mJwK8
http://paperpile.com/b/MFyXcB/mJwK8
http://paperpile.com/b/MFyXcB/mJwK8
http://paperpile.com/b/MFyXcB/mJwK8
http://paperpile.com/b/MFyXcB/mJwK8
http://paperpile.com/b/MFyXcB/mJwK8
http://paperpile.com/b/MFyXcB/mJwK8
http://paperpile.com/b/MFyXcB/XsdSL
http://paperpile.com/b/MFyXcB/XsdSL
http://paperpile.com/b/MFyXcB/XsdSL
http://paperpile.com/b/MFyXcB/XsdSL
http://paperpile.com/b/MFyXcB/XsdSL
http://paperpile.com/b/MFyXcB/XsdSL
http://paperpile.com/b/MFyXcB/j4xdy
http://paperpile.com/b/MFyXcB/j4xdy
http://paperpile.com/b/MFyXcB/j4xdy
http://paperpile.com/b/MFyXcB/j4xdy
http://paperpile.com/b/MFyXcB/j4xdy
http://paperpile.com/b/MFyXcB/j4xdy
http://paperpile.com/b/MFyXcB/JEAqd
http://paperpile.com/b/MFyXcB/JEAqd
http://paperpile.com/b/MFyXcB/JEAqd
http://paperpile.com/b/MFyXcB/JEAqd
http://paperpile.com/b/MFyXcB/nnfvY
http://paperpile.com/b/MFyXcB/nnfvY
http://paperpile.com/b/MFyXcB/nnfvY
http://paperpile.com/b/MFyXcB/nnfvY
http://paperpile.com/b/MFyXcB/nnfvY
http://paperpile.com/b/MFyXcB/b2SAz
http://paperpile.com/b/MFyXcB/b2SAz
http://paperpile.com/b/MFyXcB/b2SAz
http://paperpile.com/b/MFyXcB/b2SAz
http://paperpile.com/b/MFyXcB/b2SAz
http://paperpile.com/b/MFyXcB/b2SAz
http://paperpile.com/b/MFyXcB/VZ3ro
http://paperpile.com/b/MFyXcB/VZ3ro
http://paperpile.com/b/MFyXcB/VZ3ro
http://paperpile.com/b/MFyXcB/VZ3ro
http://paperpile.com/b/MFyXcB/VZ3ro
http://paperpile.com/b/MFyXcB/VZ3ro
http://paperpile.com/b/MFyXcB/VZ3ro
http://paperpile.com/b/MFyXcB/5rS1f
http://paperpile.com/b/MFyXcB/5rS1f
http://paperpile.com/b/MFyXcB/5rS1f
http://paperpile.com/b/MFyXcB/5rS1f
http://dx.doi.org/10.1080/21597081.2015.1050153
http://dx.doi.org/10.1080/21597081.2015.1050153
http://paperpile.com/b/MFyXcB/kcojt
http://paperpile.com/b/MFyXcB/kcojt
http://paperpile.com/b/MFyXcB/kcojt
http://paperpile.com/b/MFyXcB/kcojt
http://paperpile.com/b/MFyXcB/mqiP
http://paperpile.com/b/MFyXcB/mqiP
http://paperpile.com/b/MFyXcB/mqiP
http://paperpile.com/b/MFyXcB/mqiP
http://paperpile.com/b/MFyXcB/mqiP
http://paperpile.com/b/MFyXcB/mqiP
http://paperpile.com/b/MFyXcB/mqiP
http://paperpile.com/b/MFyXcB/g1BG
http://paperpile.com/b/MFyXcB/g1BG
http://paperpile.com/b/MFyXcB/g1BG
http://paperpile.com/b/MFyXcB/XxrrS
http://paperpile.com/b/MFyXcB/XxrrS
http://paperpile.com/b/MFyXcB/XxrrS
http://paperpile.com/b/MFyXcB/XxrrS
http://paperpile.com/b/MFyXcB/XxrrS
http://paperpile.com/b/MFyXcB/s07IM
http://paperpile.com/b/MFyXcB/s07IM
http://paperpile.com/b/MFyXcB/s07IM
http://paperpile.com/b/MFyXcB/s07IM
http://paperpile.com/b/MFyXcB/s07IM
http://paperpile.com/b/MFyXcB/s07IM
http://paperpile.com/b/MFyXcB/ram2U
http://paperpile.com/b/MFyXcB/ram2U
http://paperpile.com/b/MFyXcB/ram2U
http://paperpile.com/b/MFyXcB/ram2U
http://paperpile.com/b/MFyXcB/ram2U
http://paperpile.com/b/MFyXcB/fSABR
http://paperpile.com/b/MFyXcB/fSABR
http://paperpile.com/b/MFyXcB/fSABR

1278

1279
1280

1281
1282

1283
1284

1285
1286
1287

1288
1289

1290
1291

1292
1293

1294
1295
1296

1297
1298
1299

1300
1301

1302
1303

1304
1305

1306
1307

1308
1309

1310
1311
1312

1313

Using CRISPR-Cas9’, Journal of virology, 92(17). doi:10.1128/JV1.00534-18.

Straub, J. (2015) ‘In search of technology readiness level (TRL) 10’, Aerospace Science and
Technology, 46, pp. 312-320.

Surette, M.D. and Wright, G.D. (2017) ‘Lessons from the Environmental Antibiotic Resistome’,
Annual review of microbiology, 71, pp. 309-329.

Svircev, A., Roach, D. and Castle, A. (2018) ‘Framing the Future with Bacteriophages in
Agriculture’, Viruses, 10(5). doi:10.3390/v10050218.

Tacconelli, E. et al. (2018) ‘Discovery, research, and development of new antibiotics: the WHO
priority list of antibiotic-resistant bacteria and tuberculosis’, The Lancet infectious diseases,
18(3), pp. 318-327.

Tanji, Y. et al. (2004) ‘Toward rational control of Escherichia coli O157:H7 by a phage cocktail’,
Applied microbiology and biotechnology, 64(2), pp. 270-274.

Tesson, F. et al. (2021) ‘Systematic and quantitative view of the antiviral arsenal of prokaryotes’,
bioRxiv. d0i:10.1101/2021.09.02.458658.

Theuretzbacher, U. et al. (2020) ‘The global preclinical antibacterial pipeline’, Nature reviews.
Microbiology, 18(5), pp. 275—-285.

Thomas, J.A. et al. (2016) ‘Identification of Essential Genes in the Salmonella Phage SPN3US
Reveals Novel Insights into Giant Phage Head Structure and Assembly’, Journal of virology,
90(22), pp. 10284-10298.

Timme, R.E., Leon, M.S. and Allard, M.W. (2019) ‘Utilizing the Public GenomeTrakr Database
for Foodborne Pathogen Traceback’, Methods in Molecular Biology, pp. 201-212.
doi:10.1007/978-1-4939-9000-9 17.

Torres-Barceld, C., Turner, P.E. and Buckling, A. (2022) ‘Mitigation of evolved bacterial
resistance to phage therapy’, Current opinion in virology, 53, p. 101201.

Tyers, M. and Wright, G.D. (2019) ‘Drug combinations: a strategy to extend the life of antibiotics
in the 21st century’, Nature reviews. Microbiology, 17(3), pp. 141-155.

(u.s.), C.F.D.C.A.P. and Centers for Disease Control and Prevention (U.S.) (2019) ‘Antibiotic
resistance threats in the United States, 2019’. doi:10.15620/cdc:82532.

Verbeken, G. et al. (2014) ‘Call for a dedicated European legal framework for bacteriophage
therapy’, Archivum immunologiae et therapiae experimentalis, 62(2), pp. 117-129.

Verbeken, G. and Pirnay, J.-P. (2022) ‘European regulatory aspects of phage therapy: magistral
phage preparations’, Current Opinion in Virology, pp. 24-29. doi:10.1016/j.coviro.2021.11.005.

Verweij, P.E. et al. (2020) ‘The one health problem of azole resistance in Aspergillus fumigatus:
current insights and future research agenda’, Fungal Biology Reviews, pp. 202—-214.
doi:10.1016/).fbr.2020.10.003.

Villa, T.G. and Crespo, P.V. (2010) Enzybiotics: Antibiotic Enzymes as Drugs and Therapeutics.

35


http://paperpile.com/b/MFyXcB/fSABR
http://paperpile.com/b/MFyXcB/fSABR
http://paperpile.com/b/MFyXcB/fSABR
http://paperpile.com/b/MFyXcB/fSABR
http://paperpile.com/b/MFyXcB/fSABR
http://paperpile.com/b/MFyXcB/iRPPE
http://paperpile.com/b/MFyXcB/iRPPE
http://paperpile.com/b/MFyXcB/iRPPE
http://paperpile.com/b/MFyXcB/iRPPE
http://paperpile.com/b/MFyXcB/CZ6oV
http://paperpile.com/b/MFyXcB/CZ6oV
http://paperpile.com/b/MFyXcB/CZ6oV
http://paperpile.com/b/MFyXcB/CZ6oV
http://paperpile.com/b/MFyXcB/LDnCn
http://paperpile.com/b/MFyXcB/LDnCn
http://paperpile.com/b/MFyXcB/LDnCn
http://paperpile.com/b/MFyXcB/LDnCn
http://dx.doi.org/10.3390/v10050218
http://dx.doi.org/10.3390/v10050218
http://paperpile.com/b/MFyXcB/ARjG1
http://paperpile.com/b/MFyXcB/ARjG1
http://paperpile.com/b/MFyXcB/ARjG1
http://paperpile.com/b/MFyXcB/ARjG1
http://paperpile.com/b/MFyXcB/ARjG1
http://paperpile.com/b/MFyXcB/ARjG1
http://paperpile.com/b/MFyXcB/ARjG1
http://paperpile.com/b/MFyXcB/i3Yzp
http://paperpile.com/b/MFyXcB/i3Yzp
http://paperpile.com/b/MFyXcB/i3Yzp
http://paperpile.com/b/MFyXcB/i3Yzp
http://paperpile.com/b/MFyXcB/i3Yzp
http://paperpile.com/b/MFyXcB/i3Yzp
http://paperpile.com/b/MFyXcB/NoTaA
http://paperpile.com/b/MFyXcB/NoTaA
http://paperpile.com/b/MFyXcB/NoTaA
http://paperpile.com/b/MFyXcB/NoTaA
http://paperpile.com/b/MFyXcB/NoTaA
http://paperpile.com/b/MFyXcB/NoTaA
http://dx.doi.org/10.1101/2021.09.02.458658
http://dx.doi.org/10.1101/2021.09.02.458658
http://paperpile.com/b/MFyXcB/XRT9Q
http://paperpile.com/b/MFyXcB/XRT9Q
http://paperpile.com/b/MFyXcB/XRT9Q
http://paperpile.com/b/MFyXcB/XRT9Q
http://paperpile.com/b/MFyXcB/XRT9Q
http://paperpile.com/b/MFyXcB/XRT9Q
http://paperpile.com/b/MFyXcB/68zqN
http://paperpile.com/b/MFyXcB/68zqN
http://paperpile.com/b/MFyXcB/68zqN
http://paperpile.com/b/MFyXcB/68zqN
http://paperpile.com/b/MFyXcB/68zqN
http://paperpile.com/b/MFyXcB/68zqN
http://paperpile.com/b/MFyXcB/68zqN
http://paperpile.com/b/MFyXcB/wx2Ul
http://paperpile.com/b/MFyXcB/wx2Ul
http://paperpile.com/b/MFyXcB/wx2Ul
http://paperpile.com/b/MFyXcB/wx2Ul
http://paperpile.com/b/MFyXcB/wx2Ul
http://paperpile.com/b/MFyXcB/wx2Ul
http://paperpile.com/b/MFyXcB/wx2Ul
http://paperpile.com/b/MFyXcB/2tyU
http://paperpile.com/b/MFyXcB/2tyU
http://paperpile.com/b/MFyXcB/2tyU
http://paperpile.com/b/MFyXcB/2tyU
http://paperpile.com/b/MFyXcB/Ls3xG
http://paperpile.com/b/MFyXcB/Ls3xG
http://paperpile.com/b/MFyXcB/Ls3xG
http://paperpile.com/b/MFyXcB/Ls3xG
http://paperpile.com/b/MFyXcB/dyExo
http://paperpile.com/b/MFyXcB/dyExo
http://dx.doi.org/10.15620/cdc:82532
http://dx.doi.org/10.15620/cdc:82532
http://paperpile.com/b/MFyXcB/poZYm
http://paperpile.com/b/MFyXcB/poZYm
http://paperpile.com/b/MFyXcB/poZYm
http://paperpile.com/b/MFyXcB/poZYm
http://paperpile.com/b/MFyXcB/poZYm
http://paperpile.com/b/MFyXcB/poZYm
http://paperpile.com/b/MFyXcB/A4yfH
http://paperpile.com/b/MFyXcB/A4yfH
http://paperpile.com/b/MFyXcB/A4yfH
http://paperpile.com/b/MFyXcB/A4yfH
http://dx.doi.org/10.1016/j.coviro.2021.11.005
http://dx.doi.org/10.1016/j.coviro.2021.11.005
http://paperpile.com/b/MFyXcB/k6CBL
http://paperpile.com/b/MFyXcB/k6CBL
http://paperpile.com/b/MFyXcB/k6CBL
http://paperpile.com/b/MFyXcB/k6CBL
http://paperpile.com/b/MFyXcB/k6CBL
http://paperpile.com/b/MFyXcB/k6CBL
http://paperpile.com/b/MFyXcB/k6CBL
http://paperpile.com/b/MFyXcB/k6CBL
http://paperpile.com/b/MFyXcB/k6CBL
http://paperpile.com/b/MFyXcB/IBBvT
http://paperpile.com/b/MFyXcB/IBBvT
http://paperpile.com/b/MFyXcB/IBBvT

1314

1315
1316
1317

1318
1319

1320
1321

1322
1323

1324
1325
1326

1327
1328

1329
1330

1331
1332

1333
1334

1335
1336

1337
1338

1339
1340

1341
1342

1343
1344

1345
1346

1347
1348

John Wiley & Sons.

Vo, P.L.H. et al. (2020) ‘CRISPR RNA-guided integrases for high-efficiency, multiplexed
bacterial genome engineering’, Nature biotechnology [Preprint]. doi:10.1038/s41587-020-00745-

y.

Walsh, T.R. (2018) ‘A one-health approach to antimicrobial resistance’, Nature microbiology, pp.
854-855.

Wang, J. et al. (2021) ‘AcrHub: an integrative hub for investigating, predicting and mapping anti-
CRISPR proteins’, Nucleic acids research, 49(D1), pp. D630-D638.

Wang, X. et al. (2019) ‘Phage combination therapies for bacterial wilt disease in tomato’, Nature
biotechnology, 37(12), pp. 1513-1520.

Weigel, L.M. and Morse, S.A. (2009) ‘Implications of Antibiotic Resistance in Potential Agents of
Bioterrorism’, in Mayers, D.L. (ed.) Antimicrobial Drug Resistance: Clinical and Epidemiological
Aspects. Totowa, NJ: Humana Press, pp. 1315-1338.

Wetmore, K.M. et al. (2015) ‘Rapid quantification of mutant fitness in diverse bacteria by
sequencing randomly bar-coded transposons’, mBio, 6(3), pp. e00306-15.

Wetzel, K.S. et al. (2021) ‘CRISPY-BRED and CRISPY-BRIP: efficient bacteriophage
engineering’, Scientific reports, 11(1), p. 6796.

Weynberg, K.D. and Jaschke, P.R. (2020) ‘Building Better Bacteriophage with Biofoundries to
Combat Antibiotic-Resistant Bacteria’, PHAGE, pp. 23-26. doi:10.1089/phage.2019.0005.

Whelan, F.J. et al. (2020) ‘Culture-enriched metagenomic sequencing enables in-depth profiling
of the cystic fibrosis lung microbiota’, Nature microbiology, 5(2), pp. 379-390.

White, D.G., Alekshun, M.N. and McDermott, P.F. (2005) Frontiers in Antimicrobial Resistance:
A Tribute to Stuart B. Levy. Amer Society for Microbiology.

Wilkinson, M.D. et al. (2016) ‘The FAIR Guiding Principles for scientific data management and
stewardship’, Scientific data, 3, p. 160018.

Wright, R.C.T. et al. (2018) ‘Cross-resistance is modular in bacteria—phage interactions’, PLoS
biology, 16(10), p. €2006057.

Wright, R.C.T. et al. (2019) ‘Resistance Evolution against Phage Combinations Depends on the
Timing and Order of Exposure’, mBio. doi:10.1128/mbio.01652-19.

Wright, R.C.T. et al. (2021) ‘Functional diversity increases the efficacy of phage combinations’.
doi:10.1101/2021.07.09.451746.

Yehl, K. et al. (2019) ‘Engineering Phage Host-Range and Suppressing Bacterial Resistance
through Phage Tail Fiber Mutagenesis’, Cell, 179(2), pp. 459-469.e9.

Yeh, P.J. et al. (2009) ‘Drug interactions and the evolution of antibiotic resistance’, Nature
reviews. Microbiology, 7(6), pp. 460—466.

36


http://paperpile.com/b/MFyXcB/IBBvT
http://paperpile.com/b/MFyXcB/j58aU
http://paperpile.com/b/MFyXcB/j58aU
http://paperpile.com/b/MFyXcB/j58aU
http://paperpile.com/b/MFyXcB/j58aU
http://paperpile.com/b/MFyXcB/j58aU
http://paperpile.com/b/MFyXcB/j58aU
http://dx.doi.org/10.1038/s41587-020-00745-y
http://dx.doi.org/10.1038/s41587-020-00745-y
http://paperpile.com/b/MFyXcB/j58aU
http://paperpile.com/b/MFyXcB/sJaTy
http://paperpile.com/b/MFyXcB/sJaTy
http://paperpile.com/b/MFyXcB/sJaTy
http://paperpile.com/b/MFyXcB/sJaTy
http://paperpile.com/b/MFyXcB/ufHCp
http://paperpile.com/b/MFyXcB/ufHCp
http://paperpile.com/b/MFyXcB/ufHCp
http://paperpile.com/b/MFyXcB/ufHCp
http://paperpile.com/b/MFyXcB/ufHCp
http://paperpile.com/b/MFyXcB/ufHCp
http://paperpile.com/b/MFyXcB/8emsN
http://paperpile.com/b/MFyXcB/8emsN
http://paperpile.com/b/MFyXcB/8emsN
http://paperpile.com/b/MFyXcB/8emsN
http://paperpile.com/b/MFyXcB/8emsN
http://paperpile.com/b/MFyXcB/8emsN
http://paperpile.com/b/MFyXcB/5B49
http://paperpile.com/b/MFyXcB/5B49
http://paperpile.com/b/MFyXcB/5B49
http://paperpile.com/b/MFyXcB/5B49
http://paperpile.com/b/MFyXcB/5B49
http://paperpile.com/b/MFyXcB/seWNt
http://paperpile.com/b/MFyXcB/seWNt
http://paperpile.com/b/MFyXcB/seWNt
http://paperpile.com/b/MFyXcB/seWNt
http://paperpile.com/b/MFyXcB/seWNt
http://paperpile.com/b/MFyXcB/seWNt
http://paperpile.com/b/MFyXcB/z4E63
http://paperpile.com/b/MFyXcB/z4E63
http://paperpile.com/b/MFyXcB/z4E63
http://paperpile.com/b/MFyXcB/z4E63
http://paperpile.com/b/MFyXcB/z4E63
http://paperpile.com/b/MFyXcB/z4E63
http://paperpile.com/b/MFyXcB/tIcMY
http://paperpile.com/b/MFyXcB/tIcMY
http://paperpile.com/b/MFyXcB/tIcMY
http://paperpile.com/b/MFyXcB/tIcMY
http://dx.doi.org/10.1089/phage.2019.0005
http://dx.doi.org/10.1089/phage.2019.0005
http://paperpile.com/b/MFyXcB/7OGVv
http://paperpile.com/b/MFyXcB/7OGVv
http://paperpile.com/b/MFyXcB/7OGVv
http://paperpile.com/b/MFyXcB/7OGVv
http://paperpile.com/b/MFyXcB/7OGVv
http://paperpile.com/b/MFyXcB/7OGVv
http://paperpile.com/b/MFyXcB/xGYiF
http://paperpile.com/b/MFyXcB/xGYiF
http://paperpile.com/b/MFyXcB/xGYiF
http://paperpile.com/b/MFyXcB/xGYiF
http://paperpile.com/b/MFyXcB/JlBLS
http://paperpile.com/b/MFyXcB/JlBLS
http://paperpile.com/b/MFyXcB/JlBLS
http://paperpile.com/b/MFyXcB/JlBLS
http://paperpile.com/b/MFyXcB/JlBLS
http://paperpile.com/b/MFyXcB/JlBLS
http://paperpile.com/b/MFyXcB/GkmV6
http://paperpile.com/b/MFyXcB/GkmV6
http://paperpile.com/b/MFyXcB/GkmV6
http://paperpile.com/b/MFyXcB/GkmV6
http://paperpile.com/b/MFyXcB/GkmV6
http://paperpile.com/b/MFyXcB/GkmV6
http://paperpile.com/b/MFyXcB/dLE5V
http://paperpile.com/b/MFyXcB/dLE5V
http://paperpile.com/b/MFyXcB/dLE5V
http://paperpile.com/b/MFyXcB/dLE5V
http://paperpile.com/b/MFyXcB/dLE5V
http://paperpile.com/b/MFyXcB/dLE5V
http://dx.doi.org/10.1128/mbio.01652-19
http://dx.doi.org/10.1128/mbio.01652-19
http://paperpile.com/b/MFyXcB/aCUXi
http://paperpile.com/b/MFyXcB/aCUXi
http://paperpile.com/b/MFyXcB/aCUXi
http://paperpile.com/b/MFyXcB/aCUXi
http://paperpile.com/b/MFyXcB/aCUXi
http://paperpile.com/b/MFyXcB/aCUXi
http://dx.doi.org/10.1101/2021.07.09.451746
http://dx.doi.org/10.1101/2021.07.09.451746
http://paperpile.com/b/MFyXcB/969K2
http://paperpile.com/b/MFyXcB/969K2
http://paperpile.com/b/MFyXcB/969K2
http://paperpile.com/b/MFyXcB/969K2
http://paperpile.com/b/MFyXcB/969K2
http://paperpile.com/b/MFyXcB/969K2
http://paperpile.com/b/MFyXcB/aWFHd
http://paperpile.com/b/MFyXcB/aWFHd
http://paperpile.com/b/MFyXcB/aWFHd
http://paperpile.com/b/MFyXcB/aWFHd
http://paperpile.com/b/MFyXcB/aWFHd
http://paperpile.com/b/MFyXcB/aWFHd

1349
1350

1351
1352
1353

1354
1355

1356
1357

1358
1359

1360
1361

1362

1363

1364

1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375

1376
1377

1378
1379
1380
1381
1382
1383

Yerushalmy, O. et al. (2020) ‘The Israeli Phage Bank (IPB)’, Antibiotics (Basel, Switzerland),
9(5). doi:10.3390/antibiotics9050269.

Yosef, I. et al. (2015) ‘Temperate and lytic bacteriophages programmed to sensitize and Kill
antibiotic-resistant bacteria’, Proceedings of the National Academy of Sciences of the United
States of America, 112(23), pp. 7267-7272.

Yosef, I. et al. (2017) ‘Extending the Host Range of Bacteriophage Particles for DNA
Transduction’, Molecular cell, 66(5), pp. 721-728.e3.

Youens-Clark, K. et al. (2019) ‘iMicrobe: Tools and data-driven discovery platform for the
microbiome sciences’, GigaScience. doi:10.1093/gigascience/giz083.

Young, R. and Gill, J.J. (2015) ‘Phage therapy redux—What is to be done?’, Science,
350(6265), pp. 1163-1164.

Zengler, K. et al. (2019) ‘EcoFABs: advancing microbiome science through standardized
fabricated ecosystems’, Nature methods, 16(7), pp. 567-571.

Figure legends

Figure 1: The interconnected web of routes to spread AMR and current knowledge gaps

A non-exhaustive list of urgent and emerging threats are shown (left panel) and are derived from
the World Health Organization (WHO) and US-Center for Disease Control and Prevention
(CDC) bulletins. One Health initiative aims to achieve optimal health by recognizing the
interconnections between people, animals, plants and their shared environment (middle panel).
A list of key knowledge gaps (right panel) that still exist and need research to develop
countermeasures to tackle AMR spread.

Figure 2: Phage-bacteria Characterization Level (PCL) scale
The characterization levels of phage-bacteria interactions and key questions to assess the tier
level

Figure 3: Phage-bacteria Characterization methods and required technological capabilities
Detailed characterization levels of phages/cocktail antimicrobial therapeutics, factors impacting
target pathogen interactions and readiness level of 1 to 5 with increasing characterization depth
are illustrated. A summary of technological capabilities needed to meet the PCL tiers are shown
on the right. Abbreviations used: WGS, whole genome sequencing; MGE, mobile genetic
elements, PAls, pathogenicity islands; DGRs, diversity generating retroelements; ALE, adaptive
laboratory evolution, HT, high-throughput; ANI, average nucleotide identity; LOF, loss-of-
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function; GOF, gain-of-function; GWAS, genome-wide association study, CR, cross-resistance,
CS, collateral sensitive; PD, pharmacodynamic; PK, pharmacokinetic.

Figure 4. The Phage Foundry

The Phage Foundry is a distributed set of standardized and quality-controlled capabilities that span
surveillance, characterization, design and formulation of phage-involved therapies for antimicrobial
resistant bacteria to enable rapid response to novel pathogens and emerging infections. It would serve as
an organizing hub for phage biologists, microbiologists, clinicians, infectious disease experts,
bioinformaticians, data scientists, engineers, phage therapy practitioners, manufacturers and regulatory
experts to work with multiple allied efforts in different programs currently operating to respond to the
AMR threat.
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Highlights:

o Systematic efforts are needed to characterize and deploy phages as antimicrobials

o Metrics to assess phage characterization can organize efforts and fuel the
innovation

e A coordinated ‘Phage Foundry’ framework can fill technological and knowledge
gaps

o Collaborative, multisectoral and transdisciplinary teams demand sustained
investments
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PCL 1: Basic observations Do we know the identity of phages and the target pathogen?

) £ of Do phages show specificity of interaction with the target pathogen?
PCL 2: Proof of concept How do different conditions impact their interaction?
Do we know critical mechanism by which phage recognizes the target
PCL 3: Mechanistic insights and how target bacteria responds? Can we intelligently design
phages/antimicrobial cocktails?

. . Do these interaction mechanisms remain same in realistic
PCL 4: Eﬁ-'c'acy in revelant environments? Assess stability, safety/toxicity & efficacy. Can we
environments engineer phages to create variants and test their efficacy?

How does ecology impact efficacy of therapy? Do we understand the

PCL 5: Ecological insights fitness of phages & pathogen variants, their adaptations & their role
in microbiome changes? Define optimal treatment parameters in
conditions of intended use

PCL 6: GMP manufacturing Do we have good manufacturing practices in place to produce, purify
and formulation and do quality control of reagents as per the application requirement.

Have we considered all factors of field/clinical trials to test efficacy
and to overcome regulatory specifications? Do we have systems in
place to document leassons learnt ?

PCL 7: Clinical/field trials
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