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ABSTRACT

The asthma pandemic imposes a huge burden
on patients and health systems in both devel-
oped and developing countries. Despite avail-
able treatments, symptom control is generally
suboptimal, and hospitalizations and deaths
remain at unacceptably high levels. A pivotal
aspect of asthma that warrants further explora-
tion is the influence of the respiratory microbi-
ome and virome in modulating disease activity.
A plethora of studies report that the respiratory
microbiome is characteristically dysbiotic in
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asthma. In addition, our data suggest that dys-
biosis is also observed on the respiratory virome,
partly characterized by the reduced abundance
of bacteriophages (phages). Even though phages
can naturally infect and control their bacterial
prey, phage therapy has been grossly neglected
in the Western world, although more recently it
is more widely used as a novel tool against bacte-
rial infections. However, it has never been used
for tackling microbiome dysbiosis in human
non-communicable diseases. This review pro-
vides an up-to-date understanding of the micro-
biome and virome’s role within the airways in
relation to asthma morbidity. It also advances
the rationale and hypothesis for the CURE pro-
ject. Specifically, the CURE project suggests that
managing the respiratory microbiome through
phage therapy is viable and may result in restor-
ing eubiosis within the asthmatic airway. This
entails controlling immune dysregulation and
the clinical manifestation of the disease. To
accomplish this goal, it is crucial to predict the
effects of introducing specific phage mixtures
into the intricate ecology of the airways and
devise suitable interventions.
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Key Summary Points

Asthma imposes a significant burden glob-
ally, with microbial communities, particularly
viral and bacterial components, playing roles
in its initiation, persistence, and exacerba-
tion.

Early intestinal and nasopharyngeal microbi-
omes, including the infant virome, influence
asthma development, indicating the impor-
tance of microbiome composition in disease
progression.

Dysbiosis in the upper respiratory virome,
characterized by reduced bacteriophage
abundance and increased eukaryotic viruses,
correlates with asthma severity, control, and
lung function.

The CURE project explores phage therapy
as a novel intervention for asthma, aiming
to manipulate the respiratory microbiome
to reinstate a healthy microbial ecology and
improve clinical outcomes.

Through comprehensive characterization of
the respiratory microbiome and its interac-
tions with the immune system, the CURE
project seeks to identify deviations from
health, understand virome dynamics in
asthma, and develop phage-based interven-
tions, which is potentially revolutionizing.

INTRODUCTION

During the last decades, the asthma pandemic
has imposed a huge morbidity burden on
patients and health systems in developed and
developing countries in both children and adults
[1]. Despite available treatments, symptom con-
trol is generally suboptimal, while hospitaliza-
tions and deaths remain at unacceptably high
levels [2]. One aspect of asthma that requires
further attention is its association with micro-
bial communities. Viral and bacterial infections
have been associated with both protection
and initiation or persistence and exacerbation
of asthma [3]. Moreover, in atopic asthmatic

patients, a compromised immune response
affects the host’s capability to manage infections
effectively [4]. The bacterial component of the
nasopharyngeal microbiome in infants has been
identified as a determinant of infection spread
to the lower airways, enhancing the severity of
inflammation, and, most importantly, the risk
of future asthma development [5]. Birth cohort
studies confirmed the role of certain early intes-
tinal microbiome, i.e., Christensenellaceae, taxa
family as a significant risk factor for later devel-
opment of asthma [6]. Moreover, evaluation of
bacterial communities in the upper and lower
airways of people with asthma demonstrated
abnormal microbial community structures in
respect to functional or local composition or to
their metabolic activities (dysbiosis), suggesting
a potential underlying mechanism for disease
activity [7]. Recently, there has been a growing
focus on researching the role of the virome in
the onset and persistence of asthma. Specifi-
cally, virome represents a methodology rather
than a biological entity, including the collection
of complete and/or partial genome sequences
of viruses identified within an environmental
site, including the human body, utilizing high-
throughput metagenomic sequencing [8]. Recent
research has confirmed the significant impact of
the relatively unexplored infant virome in the
gut on subsequent asthma development and
host immune responses [9]. Specifically, tem-
perate gut phage taxa have been identified as
being associated with the later development
of asthma. Furthermore, interactions between
phages and host immune responses have been
shown to play a role in modulating the asso-
ciated risk of asthma. Data from the PreDicta
study (7th Framework Program for Research and
Technological Development (FP7) European
Commission-funded project_260895 PREDICTA)
indicate that a newly identified feature of dys-
biosis in asthma involves the upper respiratory
virome, i.e., the collection of viruses with differ-
ent hosts and pathogenic potential for humans
[10]. Bacteriophages, also known as phages, are
viruses that infect and replicate within bacte-
rial cells and are important determinants due to
their ability to infect other bacteria, while they
serve as mediators between pathogenic and non-
pathogenic bacteria [11]. Specifically, during an
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asymptomatic/non-infectious state, we observed
reduced abundance of bacterial viruses (bacterio-
phages or phages for short), and increased pres-
ence of eukaryotic viruses in preschool children,
predominantly in those with uncontrolled and
severe asthma [10]. Similar findings have been
reported in the lower respiratory tract, where
bacteriophage abundance in induced sputum
was severely reduced in patients with asthma,
predominantly in severe asthmatic individuals,
while such reduction was significantly corre-
lated with increased asthma activity and worse
lung function, as assessed by the asthma con-
trol test, and forced expiratory volume (1st sec)/
forced vital capacity, respectively [12]. These
reports suggest that microbiome dysregulation
in asthma also involving the viral component,
is detected throughout the respiratory trac and
is linked to disease severity, control, and lung
function.

It is well known that phages can naturally
control bacterial populations [13]. It is thus
plausible that different virome elements may
play a direct or indirect role in the control of
inflammation, disease expression, and/or sus-
ceptibility to asthma attacks. Phage therapy has
been largely overlooked in the Western world,
although it has been recently used as an effec-
tive tool against severe infections [14]; however,
it has never been used for rebalancing micro-
biome dysbiosis in humans with chronic res-
piratory diseases. Within the context of “Future
and Emerging Technologies open call on novel
ideas for radically new technologies (Hori-
zon-2016-2017)", the “Constructing a Eubiosis
Reinstatement Therapy for Asthma” (CURE) pro-
posal aims to develop respiratory phage thera-
pies capable of improving clinical outcomes in
asthma (https://www.cureasthma.eu/).

The core hypothesis underpinning CURE is
that the appropriate management of the respir-
atory microbiome, achievable through phage
intervention, may reinstate a healthy microbial
ecology in the airways, termed eubiosis, which
corresponds to the interspecies balance of micro-
biota community, impacting significantly the
immunological balance and clinical expression
in asthma. Herein, we present the evolution of
the CURE hypothesis, which has been formu-
lated based on the latest understanding of the

airway microbiome and virome’s influence on
asthma. We elucidate the objectives of the pro-
ject and its intended evaluations.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

THE RESPIRATORY MICROBIOME IN
HEALTH AND ASTHMA

In the last decade, the view of the human
microbiome as a major component of homeo-
stasis has been well established, mostly based
on studies of the bacterial communities in the
gut [15]. The respiratory tract, however, has
been much less studied and it was not until
2010 when it was shown that lungs are not
sterile [16]. The human respiratory tract, from
the nostrils to the lung alveoli, is inhabited by
niche-specific communities of bacteria [17].
The level of similarity between the upper and
the lower respiratory microbiomes fluctuates
with age, health, and disease type, and is influ-
enced by the direct mucosal flow and micro-
aspiration of microbes to the lungs [17]. A high
similarity exists in bacterial microbiota across
the nasal airway while the within-individual
diversity is reduced from the upper to the lower
airways [18]. Microbial dispersal across the res-
piratory tract is dependent on immigration and
extinction factors described up to date by the
“Adapted Island Model of Lung Biogeography”
[19]. Moreover, the gut microbiota plays a cru-
cial role in the formation of lung microbiota,
further affecting pulmonary health and disease,
such as asthma, tuberculosis, and lung cancer,
through cross-talk between the two sites [20].
It is well accepted that the lung microbiome is
habituated by microbes and gastric-related sub-
stances that colonize the gut, forming a bidirec-
tional gut-lung axis [7].

The composition of the nasopharyngeal
microbiota is closely associated with upper
respiratory infections and asthma [21]. Using
16S gene-targeted sequencing, dysbiotic bacte-
rial communities both in the upper and lower
airways have been associated with asthma
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activity in both adults and children [22]. The
relative abundance of specific bacteria, includ-
ing members of the Comamonadaceae, Sphin-
gomonadaceae, Oxalobacteraceae families, has
been associated with bronchial hyper-respon-
siveness [23, 24], while changes in bacterial
diversity are reflected in the lung function [16].
More recently, the use of inhaled corticoster-
oids in asthmatic patients has been shown to
alter airway fungal, but not bacterial compo-
sition, as this was assessed by 16S rRNA and
internal transcribed spacer (ITS) sequencing in
induced sputum samples [25]. Of interest, the
well-described “seasonal asthma epidemic” has
been strongly associated with seasonal enrich-
ment of the upper airways with increased abun-
dance of Moraxella and Haemophilus members,
enhancing virus-induced asthma exacerbations
in childhood [26]. More recently, positive asso-
ciations of certain Bacteroides abundances in the
gut with increased risk of asthma occurrence
were confirmed in food-allergic children, more
so in African-American and Black children [27].
In the same context, obesity per se, has been
associated with higher relative abundance of
Prevotella, Gemella, and Streptococcus species in
sputum, potentially contributing to increased
asthma morbidity [28].

Despite the above progress, knowledge on
the viral component of the respiratory micro-
biome remains rudimentary [29]. This is pri-
marily attributed to the technical challenges,
the complexity of the analysis, and the signifi-
cant cost associated with shotgun sequencing
for both the DNA and RNA components of the
virome. The respiratory virome is comprised of
viruses with diverse genetic makeup (DNA, RNA,
retrotranscribed), varying hosts, and infection
Kkinetics (including eukaryotic viruses and bacte-
rial viruses or phages). Moreover, virus-derived
genetic elements can integrate within the host’s
chromosomes, exhibiting immunomodulatory
activity, as recently demonstrated for anello-
viruses, which are recognized as a significant
viral component in the lungs [30]. It is well
established that phages are key controllers of
the microbial ecology [31, 32] and can even pro-
vide ‘non-host immunity’, either through direct
interaction with the mucosal surfaces or by
enhancing host innate immunity that induces

a long-lasting adaptive immune response [33].
Information about the virome of healthy indi-
viduals comes from only one direct study [34]
and indirectly from control participants [35].
Insufficient data on common virome profiles
exist in large cohorts of patients with diverse
disease states due to the limited number of stud-
ies, small sample sizes, challenges in accessing
the lower airways, and high phenotypic vari-
ability among asthma patients. Moreover, how
these virome profiles correlate with clinical, epi-
demiological, and socioeconomic characteristics
remains unclear. The association of asthma exac-
erbations with acute viral-induced infections
by specific agents such as respiratory syncytial
virus or common cold viruses such as rhinovi-
ruses, is well documented [36]. Nevertheless,
such cases have been traditionally interrogated
using targeted molecular approaches, therefore
overlooking the underlying viral diversity. To
date, only a handful of cross-sectional stud-
ies have specifically examined the respiratory
virome during periods of exacerbated asthma
activity. Remarkably, very little is understood
about virome profiles during periods of sta-
ble or controlled disease activity [10, 22]. The
most identified viruses in the respiratory tract
are the Anelloviridae family, which represents
one of the stable components of the human res-
piratory virome [37]. Limited data on the naso-
pharyngeal virome composition of patients with
asthma have shown that certain viruses such as
rhinovirus-C, and respiratory syncytial virus
are the most represented viruses during asthma
exacerbations in hospitalized children [38].
More recently, studies have revealed significant
differences in virome diversity and composi-
tion, particularly noting a significant reduction
in phages among individuals with asthma com-
pared to controls [12]. Within the Copenha-
gen birth cohort study, increased abundance of
Caudoviral families and specific temperate phage
species in the gut, significantly increased the risk
of later asthma occurrence, potentially though
alterations in host immune responses and inter-
actions with specific bacteriome signatures [7].
Importantly, there is currently no information
available regarding the temporal covariation of
the respiratory virome and the microbiome. Ini-
tial data from the CURE cohort, which evaluated
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the nasopharyngeal microbiome using metagen-
omic sequencing, indicate increased diversity,
inter-sample variability, and intra-individual
temporal dynamics. These findings suggest a
dysbiotic microbiome in children with asthma,
as this was noted during a 1-month period of
stable disease activity [39].

Using a metagenomic approach, we recently
analyzed both the DNA and RNA components
of the upper respiratory virome (nasopharynx/
nasal cavity) in preschool-aged asthmatic and
healthy children, deriving from the PreDicta
cohort [40]. During a period of steady disease
state characterized by mild-to-moderate dis-
ease severity, lasting at least 4 weeks without an
asthma exacerbation or respiratory infection,
we have identified shared virome profiles across
individuals residing in different geographic loca-
tions across Europe. In most children, viromes
were dominated by eukaryotic viruses such
as Anelloviridae and common cold viruses.
Interestingly, rhinovirus B species consistently
dominated the virome of asthma patients. The
analysis of the within individual virome ecol-
ogy revealed that Anelloviridae richness and
diversity were increased in asthma, along with
the co-occurrence of different Anellovirus gen-
era. Of note, bacteriophages were richer and
more diverse in healthy individuals, in contrast
to asthma patients who had an overall richer
and more diverse eukaryotic virome [39]. An
unsupervised clustering model based on virome
ecological and compositional features identi-
fied three virome profile groups, characterized
by gradients of increased richness and diversity
of phages, eukaryotic viruses, and Anelloviridae,
respectively. These virome profiles correlated to
asthma severity and control and were independ-
ent of treatment. Investigation of the virus cross-
species ecological interactions with the bacterial
component of the microbiome (virus interac-
tome) revealed that bacteriophages in health
formed interactions of different importance for
the structure of the local interactome and occu-
pied more central positions (keystone species)
within it. On the contrary, an expanded eukary-
otic virus interactome was observed in asthma
[39]. Overall, the above differences in the eco-
logical structure of the virome (richness, diver-
sity, and interactions) in the upper respiratory

tract suggests that virome “dysbiosis” is a novel
feature of pre-school asthma pathophysiology
during asymptomatic/non-infectious states.

HOST-MICROBIOME CROSSTALK

Recently, considerable attention has been
directed towards exploring the interactions
between bacterial communities and the immune
system in both health and disease [41]. How-
ever, little is known about virome-immune con-
nections and even less about mechanisms by
which the immune system affects or is affected
by the viral-bacterial interactions in an ecologi-
cal context. Data from the PreDicta study indi-
cate that preschool-aged children with asthma
with low systemic (blood cells) innate interferon
responses have higher abundance of picornavi-
ruses (mostly rhinoviruses) and phages in the
nasopharynx. In addition, phages, particularly
Siphoviridae, appear to be sensitive sensors of
host antimicrobial capacity, while Anellovi-
ruses are not affected by TLR-induced immune
response [42]. The data above suggest a prob-
able interplay between viral stimulation and
immune responses, which can subsequently
alter microbial composition. Consequently,
targeted manipulation of the airway virome
could potentially impact asthma management.
While extensive research has focused on signal-
ing pathways in response to eukaryotic viruses,
it has been revealed that prokaryotic viruses
(phages) exert a profound influence on the
genetic diversity, composition, and functional-
ity of bacterial microbiota. This impact occurs
through two primary mechanisms: acting as
vehicles for the horizontal transfer of virulence,
antibiotic resistance, and metabolic determi-
nants, and predating susceptible bacterial strains
[43]. Moreover, phages can trigger or modulate
humoral immune responses, inhibit activation
and proliferation of human T cells in vitro, or
alter the expression of innate immune genes
in mouse tissues. They can also stimulate mac-
rophages to inhibit phagocytosis and produc-
tion of inflammatory cytokines, and activate
dendritic and innate lymphoid cells to produce
antiviral cytokines and chemokines IFNs [44]. It
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is plausible that phages primarily interact with
specific types of myeloid cells in the human
airways. Consequently, such interactions may
influence immunological homeostasis in asthma
[45].

The asthmatic epithelium presents structural
and functional abnormalities, while prolonged
inflammation results in remodeling of its struc-
tural characteristics. Thus allergens and viruses,
mostly Rhinoviruses, can further disrupt the
tight junctions of the epithelium, resulting
in impairment of the epithelial barrier integ-
rity [46, 47]. The direct association of phages
with the mucosal surfaces, specifically the air-
way epithelium, is a recently proposed concept
where phages can promote synergistic and/or
antagonistic relationships with bacteria on air-
way epithelium, potentially regulating chronic
airway inflammation [48]. The triptych of air-
way epithelial cells, bacterial symbionts, and
phages should be considered as functional and
interdependent unit with direct implications on
the respiratory and overall homeostasis [33]. In
this context, the beneficial effect of commer-
cial phage cocktail on epithelial cells exposed
to Staphylococcus aureus was documented in an
in vitro homeostasis model by down-regulating
bacterial-induced inflammation, cell death, and
epithelial barrier disruption [49].

THE BACTERIAL AIRWAY
COMPOSITION IN ASTHMATIC
PATIENTS

Microbial composition of the asthmatic airways
across the spectrum of disease severity differ sig-
nificantly compared with healthy individuals
[50, 51]. The healthy lung microbial composi-
tion is characterized by the prevalence of bacte-
ria belonging to the phyla Bacteroidetes, Actino-
bacteria, and Firmicutes, with Haemophilus being
more frequent in asthmatics and Prevotella in
controls, although it is well accepted that altera-
tions are noted in relation to age, geographic
area, exposure to environmental exposures etc.
[16]. Using terminal restriction fragment-length
polymorphism profiling for analyzing bacterial
communities, it was shown that in the sputum

of treatment-resistant severe asthmatics Moraxella
(M) catarrhalis or members of the Haemophilus or
Streptococcus genera were mostly identified, and
such colonization was significantly associated
with markers of asthma morbidity, such as longer
asthma duration and worse lung function, as
assessed by spirometry [52]. Increased abundance
of M. catarrhalis, Staphylococcus species-dominated
microbiota was associated with increased risk of
asthma exacerbation and eosinophil activation
in children with asthma [26]. Increased bacterial
diversity was observed in patients with sub-opti-
mally controlled asthma, even though diversity
was inversely correlated with asthma hyperre-
sponsiveness; of note, increased inter-individual
microbiome similarity was positively correlated
with bronchial hyperresponsiveness [23].

It is well accepted that bacterial diversity has
been implicated in asthma but without a clear
direction (higher or lower) or mechanism of
action [48, 53]. Although no difference in bacte-
rial diversity among patients with atopic asthma,
atopy per se (without asthma), and healthy con-
trols is noted, a trend towards higher bacterial
phylogenetic burden/diversity has been shown
in subjects with mild asthma, while an inverse
relationship is observed in T2-high subjects [54].
Proteobacteria prevalence has been dominated in
patients with lung diseases such as asthma, sug-
gesting that certain bacterial colonization results
in inflammatory signals may in turn induce
persistent inflammation, bronchoconstriction,
and bronchial hyperresponsiveness, although
the possibility of the tissue microenvironment
selecting specific microbes cannot be excluded
[55]. It should be noted, however, that mechanis-
tic studies investigating the influence of airway
microbiomes on asthma development in murine
models [56] indicate that the dynamic changes in
microbiota profiles can result in enhanced airway
inflammatory responses and airway remodeling,
thus facilitating asthma development.

BACTERIOPHAGES AS NOVEL
THERAPEUTIC AGENTS

The current paradigm for asthma management
focuses on disease control through patient
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education, trigger avoidance, and pharmacother-
apy with anti-inflammatory and bronchodilator
drugs [2]. In the last few years, several monoclo-
nal antibodies targeting key asthma mediators
involved in the asthma pathophysiology have
been developed including anti-IgE, anti-inter-
leukin (IL)5, anti-IL5r, anti-IL4/13, and anti-
TSLP have been developed for severe asthma
[57]. The new paradigm of precision medicine
is envisioned although not yet achieved. Despite
advanced unsupervised clustering into diverse
sub-phenotypes, treatment response prediction
is still based on a small number of ‘traditional’
biomarkers (IgE, eosinophils, periostin, frac-
tional exhaled nitric oxide_FeNO), with subop-
timal specificity [58].

Treatment of infection with phages was pro-
posed soon after their discovery in 1915. Despite
initial popularity, the idea was abandoned in the
‘“Western’ world after the advent of antibiotics
[59]. Currently, they are only available for ‘com-
passionate use’, in instances where conventional
antibiotics have failed [60]. However, in the for-
mer Soviet Union, phage intervention has devel-
oped into a robust clinical tool, where it is still
used for the treatment of severe skin, lung, or
systemic infections, albeit in an empirical way
[61]. No severe side effects have ever been reg-
istered [62]. Currently, the interest is reemerg-
ing in Europe, the UK, US, and Australia [63],
while workshops on the therapeutic use of bac-
teriophages have been organized by the Euro-
pean Medical Agency [64]. The Agency declared
its openness for discussion and suggested that
fixed phage cocktails may be evaluated within
the existing regulatory framework [65]. There is,
however, an ongoing debate, especially around
the complexity of preparations and the scarcity
of safety and efficacy data on phage use [66].
The first EU-funded clinical trial following inter-
national standards looking into the efficacy of
phage therapy in burn victims has shown that
phage preparation is able to decrease bacterial
burden in burn wounds at a slower pace than
standard of care [67]. Nevertheless, the science
of phage therapy is rapidly developing around
the world; studies have confirmed the significant
clinical improvement in patients with resistant-
to-treatment infections in different systems
including lungs, urinary tract, musculoskeletal,

heat and skin infections, and, most importantly,
patients with sepsis in intensive care units, sug-
gesting that such a therapy could be a key com-
ponent in the battle against antimicrobial resist-
ance [68]. Moreover, data from 52 studies have
confirmed that phage therapy is well tolerated
in most cases, with minimal adverse reactions,
which resolved after termination of the therapy.
New agents are regularly isolated and character-
ized [69] and phages with wider specificities are
being sought [70]. Novel experimental formula-
tions are being developed, including oral and
inhaled ones for respiratory infections [71].
Phages have been used in the context of genome
engineering to deliver CRISPR genes and RNA
guides for sequence-specific antimicrobials.

THE ‘CURE’ CONCEPT AND
HYPOTHESIS

The hypothesis underpinning CURE is that
appropriate manipulation of the respiratory
microbiome, achievable through phage inter-
vention, may reinstate a healthy microbial ecol-
ogy in the airways, significantly impacting the
immunological balance and clinical expression
in asthma (eubiosis) (Fig. 1). The project aims
to advance our knowledge of the characteristics
and dynamics of the human respiratory micro-
biome in health and asthma by describing, in
detail, the currently unexplored virome using
the deep analytical power of metagenomics in
healthy and asthmatic individuals. The impor-
tant cross-species interactions’ network includ-
ing host-specificity relationships, as an antici-
pated driver of ecological balance, are worthy
of exploring. By using longitudinal approaches
within the project, we will assess the important
ecological processes shaping the microbiome
and its interaction to disease.

We consider that the in-depth characteriza-
tion of tissue-specific and systemic immune
homeostasis, as a function of microbial pressure
by investigating the interactions of immune
cell populations and signaling modules (cell-
specific transcriptomics) with the respiratory
microbiome, is an important aspect. To sup-
plement the clinical data, the effect of phage
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Fig. 1 The CURE hypothesis is based on the concept that phage therapy could restore the dysbiotic system, thus facilitating

the return of the lung microbiome to a healthy state

tamilies previously identified as part of the ‘core’
respiratory virome (Siphoviridae, Myoviridae),
on macrophage, dendritic cell, and epithelial
cell populations, will be assessed using in vitro
co-culture models. In addition to our under-
standing of ecological dynamics, the develop-
ment of tangible intervention agents is a key
requirement. By synergizing the technologies
described above, CURE aims to establish a com-
pletely new paradigm for asthma phenotyping
and introduce a radically novel class of interven-
tion. It is possible that using features describ-
ing characteristics of the microbial community,
precision medicine “meta-biomarkers” can be
generated. CURE assesses the upper respira-
tory tract (URT) microbiome, knowing that the
nasal cavity and nasopharynx act as a reservoir
for lower respiratory microbes, mainly through
subclinical micro-aspiration, in a continuous
way [72, 73]. Although the oral microbiome has
been considered as the primary source of lung
microbiota in a healthy state, there is substan-
tial evidence that enhanced similarity between
nasal and lung bacteria exists during disease
[74]. The URT is easily accessible, which is cru-
cial in potentially large-scale medical interven-
tions, therefore the URT microbiome will be
targeted in asthma and CURE will establish and

optimize a novel collection of bacteriophages,
selected for the purposes of the intervention. In
parallel, phages related to the most frequently
identified microbes in asthmatic airways, such
as M. catarrhalis, Neisseria meningitis, Haemophi-
lus influenza, and Prevotella, for which there is
very limited information, especially on their
lytic versions, which are usually selected for
construction of therapeutic and prophylactic
phage-based preparations, will be explored.
Finally, based on the recent data from Jover and
colleagues who used simulated data to show
that systems with both bacteria and viruses can
also be parameterized from time-series data [735].
In CURE, we aim to achieve the first empirical
parameterization of a virus-bacteria interaction
network in the human airways. Additionally,
we will develop computational tools to inform
therapeutic interventions aimed at restoring
healthy symbiotic communities. The project
investigates the temporal variability of the res-
piratory microbiome to identify microbiome
states that deviate from healthy states. Further-
more, it aims to characterize the microbiome
components that are linked to disease activ-
ity. The study has obtained approvals from the
regional ethics committees of the clinical study
centers in Greece and Poland.
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Overall, the CURE hypothesis presents an
innovative and ambitious proposal that requires
evaluation across diverse populations and dis-
ease states. Clinical interventions are envisioned
as the goal, although the realization of its full
potential also depends on the development of
relevant regulations. The assembled CURE data-
set and biobank represent invaluable resources
that are currently undergoing analysis.
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