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MEMORANDUM OF UNDERSTANDING

For the implementation of a COST Action designated as

COST Action CA23142
DEVELOPING KNOWLEDGE INVOLVED IN DIAGNOSIS AND CONTROL OF HUMAN-DISEASES

RELATED TO PNEUMOCYSTIS (Delve-into-Pneumocystis)

The COST Members through the present Memorandum of Understanding (MoU) wish to undertake joint
activities of mutual interest and declare their common intention to participate in the COST Action, referred
to above and described in the Technical Annex of this MoU.

The Action will be carried out in accordance with the set of COST Implementation Rules approved by the
Committee of Senior Officials (CSO), or any document amending or replacing them.

The main aim and objective of the Action is to clarify the role of pneumocystis pneumonia in pathogenesis
of human lung diseases and improve its prevention, management, diagnostics, and treatment by integrating
clinical knowledge and research.
Delve-into-Pneumocystis will focus on pneumocystis pneumonia as a cause of mortality among
immunosuppressed patients and as hitherto ignored pathogen linked to other diseases. This will be
achieved through the specific objectives detailed in the Technical Annex.

The present MoU enters into force on the date of the approval of the COST Action by the CSO.
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TECHNICAL ANNEX
OVERVIEW

Summary
Pneumocystis pneumonia (PcP) remains a major public health problem, especially in developing countries,
with high morbidity and mortality among immunosuppressed patients, mainly in those infected with HIV,
where it is the first defining cause of AIDS. In developed countries, PcP continues to be a frequent problem
among subjects who do not know they are HIV infected, who do not access antiretrovirals, who do not
tolerate or do not perform chemoprophylaxis, and in cases where prophylaxis fails, probably due to the
development of Pneumocystis jirovecii strains with drug resistance, a phenomenon that is also emerging in
a threatening way in developing countries. Furthermore, the greater aggressiveness of current
chemotherapy and the more frequent use of immunosuppressants for autoimmune diseases or transplant
recipients have meant that the incidence of PcP is increasing in these patients worldwide.

However, today the interest in P. jirovecii transcends immunosuppressed subjects, and increasing data
suggest that we know only the tip of the iceberg of the manifestations that Pneumocystis infection can
produce in humans. In this sense, primary Pneumocystis infection has been related to Neonatal Respiratory
Distress Syndrome and bronchopulmonary dysplasia in infants and seems to play a role in the
pathogenesis of Chronic Obstructive Pulmonary Disease (COPD) and Asthma.

The Action will improve prevention, management, diagnostics and treatment of patients with Pneumocystis
infection by better integrating clinical knowledge and research. This will be done by developing
collaborations between hospitals, non-governmental organizations, academic institutions, and
small/medium enterprises through a structured, coordinated, and open European research network.

Areas of Expertise Relevant for the Action
● Clinical medicine: Prevention and treatment of infection by
pathogens (e.g. vaccination, antibiotics, fungicide)
● Medical biotechnology: Medical biotechnology, other
● Clinical medicine: Respiratory systems
● Clinical medicine: Paediatrics

Keywords
● Pneumocystis
● COPD
● Asthma
● Infants

Specific Objectives
To achieve the main objective described in this MoU, the following specific objectives shall be
accomplished:

Research Coordination
● To make possible multicenter research through the design and implementation of a data registry
(specimens and clinical data) for children and adults
● To promote the development and implementation of guidelines and techniques/products for
Pneumocystis diagnosis and therapy through experimental and clinical validation
● To develop research protocols that help clarify the pathogenic role of Pneumocystis in respiratory
pathology in infants and chronic lung diseases in adults.
● To identify priorities for further translational research on the field of Pneumocystis infection.
● To search for opportunities for international coordinated Pneumocystis research both in the Horizon
Europe programme and in other funding schemes and initiatives.

Capacity Building
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● To build a network of healthcare professionals and multi- and interdisciplinary high-quality and
translational research teams to strengthen the collaborative research among different countries and sectors
with a wide range of complementary know-how and expertise.
● To provide development opportunities via cooperation between basic researchers and healthcare
professionals and provide researchers working in hospital/academic/industrial context the opportunity of
reciprocal short-term scientific missions (STSMs), obtaining a global vision, from basic discoveries to
product development and preclinical/clinical validation.
● To increase the relation and cooperation with less research-development countries across Europe (i.e.
ITC and NNC countries), who also have the highest burden of Pneumocystis pneumonia or with greater
limitations for diagnosis and treatment of Pneumocystis infection.
● To ensure knowledge, skills, and expertise exchange through training activities, highlighting the role of
young researchers and innovators increasing their visibility, as well as the importance of gender/sex and
Responsible Research and Innovation (RRI) issues in Pneumocystis research and in
dissemination/communication activities.
● To coordinate joint courses/workshops/meetings with other COST Actions/EU projects.
● To make Delve-into-Pneumocystis more visible in both the European and international level through
specific tools to healthcare professionals, researchers, patients, nongovernmental organizations, investors,
policymakers, and the general population.
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TECHNICAL ANNEX 
 

1. S&T EXCELLENCE 

1.1. SOUNDNESS OF THE CHALLENGE 

1.1.1. DESCRIPTION OF THE STATE OF THE ART 

 
Pneumocystis pneumonia (PcP) is an opportunistic infection caused by the atypical fungus 
Pneumocystis jirovecii. It has traditionally been considered an AIDS-defining illness, although it also 
occurs in immunosuppressed patients without HIV infection, where it more often takes a fatal course. 
Despite the existence of effective chemoprophylaxis, current global estimates are as high as 500,000 
annual cases, with a mortality of 10 to 30% (1). PcP remains a major public health problem, especially 
in developing countries, with high morbidity and mortality among immunosuppressed patients, mainly in 
those infected with HIV, where it is the first defining cause of AIDS (2). In developed countries, PcP 
continues to be a devasting disease among people unaware of their HIV infection or without access to 
antiretroviral therapy, who do not tolerate or do not perform chemoprophylaxis, and in cases where 
prophylaxis fails, probably due to the development of P. jirovecii strains with drug resistance, a 
phenomenon that is also emerging in a threatening way in developing countries (3). Furthermore, the 
greater aggressiveness of current chemotherapy and the more frequent use of powerful 
immunosuppressants for patients with autoimmune diseases or transplant recipients have meant that 
the incidence of PcP is increasing more and more in these patients worldwide (4-6). However, studies 
providing data on the epidemiology of PcP have been scarce in recent years. Today, the interest in P. 
jirovecii transcends immunosuppressed subjects, and more and more data suggest that PcP is only the 
tip of the iceberg of the manifestations that Pneumocystis infection can produce in humans (7). In this 
sense, primary Pneumocystis infection has been related to Neonatal Respiratory Distress Syndrome 
(RDS) and bronchopulmonary dysplasia (BPD) in infants and seems to play a role in the pathogenesis 
of Chronic Obstructive Pulmonary Disease (COPD) and Asthma in adults. 

 
Although interstitial plasma cell pneumonia was the first human disease associated with Pneumocystis 
infection that mainly affected preterm-born or malnourished infants during the period surrounding World 
War II, for a long time Pneumocystis primary infection was presumed to be an asymptomatic or mild 
nonspecific disease in healthy children (8). Recent reports indicate that it can clinically present as an 
upper or lower acute respiratory tract infection (ARTI), including children with self-limiting mild 
respiratory, infants with bronchiolitis and babies and toddlers with whooping cough (9-11). In a study of 
422 children hospitalized with ARTI, P. jirovecii was detected in up to 48% of babies from 50 to 112 
days of life, though there was a marked difference in the age distribution (12). In another study, 
Pneumocystis DNA was detected by PCR in 51.7% of infants who died unexpectedly in the community, 

but only 15% had pneumonia (13). A recent review shows that there is a consistent peak between 2 

and 5 months of age for Pneumocystis infection (14). The significance of these findings is unclear, but 
shows the high prevalence of P. jirovecii infection in infants. 

 
Recently, the first molecular evidence of transplacental transmission of P. jirovecii in humans was 
provided. Pneumocystis DNA was identified in placentas and in 35% of the lungs of fetuses whose death 
occurred in utero (15). A similar prevalence of P. jirovecii colonization (26.7%) was found in preterm 
newborns suggesting the same route of infection (16). Interestingly, P. jirovecii infection has been 
reported in preterm newborns in association with RDS and BPD in two studies (16,17). RDS is a major 
cause of morbidity and mortality in premature infants. It is often the first step in the subsequent 
development of BPD and appears to be a risk factor for hospitalization for bronchiolitis during the first 
year of life (18). 

 

Pneumocystis colonization has been demonstrated in both HIV-infected and non–HIV-infected subjects, 
and certain populations appear to have a higher risk of colonization. Studies have shown that individuals 
who have an underlying HIV infection (even on chemoprophylaxis or with high CD4+ cell counts) or 
another cause of immunosuppression and those who are not typically considered immunosuppressed 
but have underlying chronic lung disease may often be colonized by P. jirovecii with prevalence as high 
as 68% among HIV-infected individuals, 55% among non-HIV-infected patients with COPD and 20% in 
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asthma patients who did not receive oral corticosteroids (19-21). However, beyond the risk of developing 
PcP, it is very important to note that there is increasing evidence in both human and animal models that 
Pneumocystis can play a role in the pathogenesis of COPD and Asthma. 

 
In immunocompetent mice, exposure to cigarette smoke and Pneumocystis colonization resulted in 
pulmonary function deficits and airspace enlargement greater than that from smoke exposure alone 
(22). Similar changes were found in models of Pneumocystis colonization in nonhuman primates 
infected with SIV or chimeric HIV-SIV viruses. In those models, chronic inflammatory response, 
increased emphysematous tissue and pulmonary function decline that occurs in response to 
colonization resembles that of COPD suggesting that Pneumocystis colonization may be a risk factor 
for the development of HIV-associated COPD (23-25). Emphysema and COPD-like changes have been 
found in HIV-infected patients with PcP whom show an accelerated decline in lung function beyond that 
expected from age and smoking history (26). Pneumocystis colonized HIV-infected outpatients have a 
more severe airway obstruction and a greater decrease in pulmonary function than non-colonized HIV- 
infected persons, independent of smoking history (27). Likewise, non-HIV-infected patients with COPD 
had a higher frequency of Pneumocystis colonization (OR = 2.4 for each increase in GOLD class, p = 
0.002). This study did not prove causality, but strongly suggests that Pneumocystis colonization affects 
COPD progression (28). 

 
A study comparing COPD patients with and without Pneumocystis colonization showed up-regulation of 
CXCL9, CXCL10, and CXCL11 that encode the ligands for the chemokine receptor CXCR3, a master 
regulator of INF-γ, in lung tissue from colonized individuals (29). These ligand–receptor pairs have 
previously been implicated in COPD pathogenesis. In the same way, another study showed that patients 
with COPD colonized by P. jirovecii develop a higher systemic inflammatory response than do non- 
colonized patients (20). In COPD patients, systemic inflammatory response has been linked to weight 
loss, muscle wasting and accelerated decrease in lung function. In a recent multicenter study, patients 
with acute exacerbation of COPD had a higher prevalence of P. jirovecii colonization compared to 
patients with stabilized COPD (67.4% vs 43.3%, p < 0.05). P. jirovecii colonization was associated with 
decreased pulmonary function, increased levels of 1,3-β-D-glucan and C-reactive protein. There was 
no significant difference in comparison of the prevalence of concurrent infection with other organisms in 
patients with acute exacerbation and those with stabilized COPD (30). However, despite all this 
evidence, the relationship between the presence of Pneumocystis and the development of COPD is not 
fully clarified and needs to be further investigated. 

 
In animal models, Pneumocystis colonization promotes many of the pathologic perturbations associated 
with asthma including increased Th2 inflammation, increased mucus production, and airway 
remodelling. In mice, Pneumocystis leads to a CD41 T cell–dependent recruitment of eosinophils and 
induces a Th2 response like that of a commonly studied airway allergen, the house dust mite, in terms 
of IL-4, IL-5, IL-10, IL-13, IL-17A, and IFN-g production (31,32). Pneumocystis is also capable to 
promote collateral sensitization to respiratory antigens and of inducing allergic inflammation, resulting 
in anti-Pneumocystis IgG and IgE production, increase expression of Prg2, a specific eosinophil marker, 
and mucus-associated genes, goblet cell hyperplasia, as well as increased airway resistance suggesting 
that Pneumocystis can function as an airway allergen (32,33). In immunocompetent rats after 
spontaneously acquired Pneumocystis infection, there is a progressive increase in mucus production in 
parallel with a rise in Il-13 levels and a downstream increase in the levels of Gata3 mRNA in lung tissue 
(34). These findings are consistent with other reports showing that intratracheally inoculated 
Pneumocystis stimulates mucus production by activating the STAT-6 pathway (35). Thickening of the 
airway epithelium, airway narrowing, and peribronchiolar and perivascular inflammatory cuffs, consistent 
with a predominant Th2-type response, were also observed, as well as increased matrix deposition with 
type I and III collagen, which suggests that Pneumocystis promotes tissue fibrosis (34). 

 
One pathway to mucus production is mediated by hCLCA1, a member of the CLCA family of genes, 
whose expression is increased in human airways of asthmatic and COPD patients (36,37). In different 
animal models increase in the homolog of hCLCA1 and Muc5b and Muc5ac have been associated with 
Pneumocystis infection (38,39). Clara cells are maintained while mRNA levels for the Mucin encoder 
genes Muc5b and Muc5ac in lung increase several times after infection with Pneumocystis and protein 
levels of the Clara cell marker CC10 decrease in immunocompetent rats (40). Similar results were 
shown in studies on autopsied lungs from apparently healthy infants who died in the community (41,42). 
The association between hCLCA1 and Muc5ac has been reported in smokers and patients diagnosed 
with COPD (43). Overexpression of hCLCA1 may explain the increase in mucus proteins associated 
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with Pneumocystis through stimulation of the STAT6–hCLCA1–Muc5ac proposed pathway (44). 

 
Increasing evidence in humans suggests that Pneumocystis may be an important hitherto ignored 
pathogen in the development of asthma (32,45,46). In HIV positive patients, a history of PcP is 
associated with an obstructed spirometric pattern in lung function tests (45). In a study of cohort of 
patients, a subset of patients with severe asthma had significant elevation of both IgG and IgE antibodies 
against Pneumocystis antigens correlated with worsened lung function on spirometry (32). Notably, 
patients with Pneumocystis sensitization were not cross-sensitized to other fungal aeroallergens, 
defining Pneumocystis as an independent trigger for asthma. In contrast to article of Eddens (32), IgG 
antibodies against Pneumocytis antigen Kexin (KEX1) were significantly reduced among severe asthma 
children compared with patients with mild/moderate asthma (47). Furthermore, evaluation of the lung 
mycobiome identified that P. jirovecii was more abundant severe asthma patients compared to controls 
(48). Severe asthma may be at higher risk for Pneumocystis colonization and exacerbation due to 
reduced levels of protective antibodies. In this sense, a recent study demonstrates an association 
between the use of trimethoprim-sulfamethoxazole (TMP-SMX), a standard therapeutic for 
Pneumocystis, and improved lung function and reduced exacerbation rate in paediatric asthma (49). 
Serum KEX1 IgG level may be a useful parameter in determining the clinical course of treatment for 
patients with asthma. To further develop the tools and approaches needed to define the role on 
Pneumocystis in COPD and asthma, systematic definition of P. jirovecii antigens and human immune 
response could be very useful, opening a door to direct sensitization studies, assessment of individual 
cellar responses, and therapeutic vaccination. 

 
1.1.2. DESCRIPTION OF THE CHALLENGE (MAIN AIM) 

 
The main challenge of ‘Delve-into-Pneumocystis’ is to clarify the role of Pneumocystis in the 
pathogenesis of human lung diseases and improve the prevention, management, diagnostics, and 
treatment of patients with Pneumocystis infection by better integrating clinical knowledge and research. 

 
Epidemiology of PcP is difficult to assess. The current incidence and PcP-related deaths in the general 
population have been reported in too few studies, and their data extended at most to 2014 (50-52). 
Considering the declining relevance of HIV-related PcP and the worldwide increase in the number of 
people with risk factors for non-HIV-related PcP such as old age, cancer, and immunosuppression, it 
seems possible that the dynamics of PcP are changing unobserved. Therefore, current epidemiological 
data are essential to identify patient populations in which treatment could be improved through 
consistent primary prophylaxes or lower thresholds for diagnostics and therapies. This Action through 
the design and implementation of a data registry address this problem to answer main questions: How 
frequent is PcP currently and is its incidence increasing? What underlying diseases are responsible for 
the development of PcP? What are the course and outcomes of PcP? 

 
The main challenge in the management of patients with PcP remains achieving early diagnosis, being 
its delay associated with higher mortality. Definitive diagnosis is based on the identification of P. jirovecii 
in respiratory samples. As this microorganism cannot be cultured, reference methods are direct 
examination by conventional staining and immunofluorescence. However, these methods depend on 
staff experience and results can be falsely negative in the case of low fungal load (5). PCR to aid in the 
diagnosis of PcP has demonstrated excellent clinical performance, but there is concern about the 
interpretation of positive results due to the potential presence of Pneumocystis colonization. This can 
be overcome by applying designated positivity thresholds to PCR testing, but the different assays 
described limit the development of a universal threshold. This Action provides an opportunity to 
overcome this problem through large-scale, multicenter evaluations using commercial assays. However, 
these techniques are available in developed countries but not in all developing countries and require 
trained personnel not available in all settings. In fact, even in European countries like Serbia or Romania 
PcP diagnosis is mostly made on clinical suspicion followed by empirical treatment (53). Therefore, PcP 
seems to be under-diagnosed and regional collaboration in the field of laboratory diagnosis with an 
emphasis on molecular approaches may help to cover the gaps and improve the practices. 

 
Most agents used as part of PcP therapy and prevention target enzymes involved in the biosynthesis of 
folic acid and TMP-SMX is the cornerstone among them (54). Prophylaxis and treatment failure are 
associated with the presence of mutations related to sulpha-drug resistance (4). The increasing 
resistance in the case of PcP is compounded by the limited set of drugs commonly used against this 
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pathogen, facilitating selective pressure and drug-resistance development (4). Furthermore, prolonged 
colonization may contribute to the dissemination of strains with antimicrobial resistant genetic variants. 
The impact of the growing drug resistance problem is evidenced by the fact that patients with PcP 
harboring mutations related to drug resistance are more exposed to adverse events, require longer 
mechanical ventilation, and have a significantly higher risk of death compared to patients infected with 
wild-type strain (55,56). Since there is no system for P. jirovecii culture, there are currently no other 
methods for diagnosis or antimicrobial resistant analysis in Pneumocystis except for molecular ones (4). 
A timely and correct diagnosis is crucial to reduce the risk of mortality, but current standard PCR-based 
methods have severe limitations. The development of alternative approaches that can provide time- 
competitive, sensitive, and selective diagnostic solutions essential for determining pathogen presence, 
as well as identification of mutations potentially related to antimicrobial resistance is urgently needed. 

 
The abilities of Pneumocystis have already been demonstrated to induce inflammation in the host lungs, 
to alter the lung environment (increase in mucus production that stimulates Th2-type allergic 
inflammation), to modify the lung microbiota, and to induce down-regulation of surfactant proteins B and 
C essential for alveoli structures, as well as to produce thickening of the airway epithelium and the 
development of fibrosis (34,39,57). Interestingly, Th2 CD4+ amplification is a pathogenesis factor for 
asthma, reduction of surfactant proteins is involved in acute RDS, while inflammation is involved in RDS, 
BPD and asthma development. Considering the very frequent detection of P. jirovecii in both mothers’ 
and infant respiratory samples, its ability to induce inflammation and change the host's lung 
environment, it is vital to evaluate the relationship between P. jirovecii in utero transmission and lung 
complications of newborns. 

 
In the same line, there is increasing and accumulating evidence in both human and animal models that 
Pneumocystis may be an important hitherto ignored pathogen linked to the development of COPD and 
asthma, playing a role not yet fully understood in the pathogenesis and evolution of these diseases 
(32,58). In fact, the relationship between the presence of Pneumocystis and the development of these 
diseases is not fully clarified and needs further investigation that may be facilitated by ‘Delve-into- 
Pneumocystis’. Furthermore, this action will identify risk factors for the development of PcP in vulnerable 
populations and colonization in subjects with chronic lung diseases. 

 

1.2. PROGRESS BEYOND THE STATE OF THE ART 

1.2.1. APPROACH TO THE CHALLENGE AND PROGRESS BEYOND THE STATE OF THE 
ART 

A recent study has described that while the number of HIV-related PcP cases continues to decline 
slightly in Germany as in other developed countries, the incidence of PcP in the general population is 
growing with a substantial increase in PcP-related deaths at the population level due to a rise in PcP 
cases among non-HIV risk groups, which is a new and concerning finding (59). The main underlying 
conditions worldwide in patients without HIV infection who have PcP are hematologic malignancies, 
autoimmune and inflammatory diseases, solid organ or hematopoietic stem cell transplantation, and 
previous corticosteroids exposure. On the other hand, new risk groups such as old people or patients 
receiving monoclonal antibodies and immunomodulating therapies are emerging (5,6). Interestingly, 
where chemoprophylaxis for PcP is established based on international guidelines (HIV infected 
individuals, hematologic patients, and organ transplant recipients), incidence and mortality rates are 
decreasing. In contrast, they are increasing significantly in other risk groups, such as patients with 
oncological, rheumatological, and pulmonological diseases for whom there are no guidelines and the 
use of PcP prophylaxis is inadequate, implying that better use of chemoprophylaxis is of extraordinary 
importance in these groups. In this sense, to optimize current prevention strategies, a precise knowledge 
of the epidemiology of PcP to identify risk factors in those groups is of central importance. 

 
The prevalence of colonization in patients with COPD and asthma varies from study to study, in part 
due to real variations caused by climatic factors, but also due to the different clinical contexts, sampling 
methods, laboratory reagents or technical strategies used for DNA extraction, amplification or analysis 
of results (60). Thus, the prevalence of Pneumocystis colonization reported among COPD patients 
ranges in different countries from 7.9% to 55% (20, 61-65). In the same way, the prevalence of 
Pneumocystis carriage in patients with asthma ranges from 9,4% to 20% (21,66,67). A recent systematic 
review infers that the presentation with PcP appears to be highest when the average temperature is 
between 10 and 20 °C. There was evidence of an association with hospitalization with PcP and ambient 
air pollution factors, as well as evidence of an effect of air pollution on both systemic and lung humoral 
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responses to Pneumocystis (68). However, the effect of these factors on the P. jirovecii colonization is 
unknown. This COST action would make it possible to analyse populations from different parts of Europe 
and America with the same diagnostic techniques, allowing us to know with greater certainty the 
frequency of infection/colonization in different populations and to explain possible geographical 
differences, as well as to identify risk factors to develop PcP in new risk groups of patients. 

 
Today, knowledge about the immune response to Pneumocystis infection comes mainly from studies in 
immunosuppressed patients with PcP and in animal models of immunosuppression. Macrophages play 
a major role in the elimination of Pneumocystis infection, but M2 macrophages induce much less 
inflammation and damage to lung tissue than M1 macrophages. The orientation towards M1 or M2 
polarization is influenced by Th1 (IFNγ or TNFα) or Th2 (IL4 or IL13) cytokines, respectively. Although 
the major role of TCD4 during Pneumocystis infection is well established, the actual subpopulations of 
TCD4 that are required to clear the fungus (Th1, Th2, Th9, Th22, and regulatory T cells, the real 
conductors of the adaptive immune response through their production of cytokines, enhancing a pro- 
inflammatory cellular response, a humoral response, or an anti-inflammatory response) are not 
identified. Currently, the role and importance during Pneumocystis infection of different lymphocyte 
populations and Pneumocystis-specific antibodies, remain unclear and controversial. Moreover, the 
immune system can be either protective or can be detrimental and greatly responsible for pulmonary 
degradation (69). Knowledge of the immune response to Pneumocystis infection/colonization in patients 
with COPD and asthma is very scarce and sometimes contradictory. ‘Delve-into-Pneumocystis’ can 
provide relevant information on the inflammatory/immune response against Pneumocystis in COPD and 
asthma patients and its possible role in these diseases. We will also identify the protective or pathogenic 
role of specific antibodies against different antigens of Pneumocystis. 

 
Some gene polymorphisms are associated with higher risks of preterm lung complications and can also 
be related to susceptibility to P. jirovecii infection. Polymorphisms that induce lower production of 
mannose-binding lectin protein have been reported to increase both the risk of PcP in HIV-positive 
patients and the risk of preterm birth and BPD (70,71). Polymorphisms that reduce the pulmonary level 
of surfactant proteins (impacted by Pneumocystis) have been associated with a higher risk of neonatal 
RDS (72). Furthermore, polymorphisms in the TNF gene have been associated with a risk of RDS, while 
patients taking the anti-TNF drug infliximab are more susceptible to Pneumocystis colonization (73,74). 

Genome-wide association studies of asthma and COPD with ever increasing sample sizes have found 
multiple genetic loci associated with either disease (76). In a recent meta-analysis, 50 variants in 26 
genes were significantly associated with COPD risk but in only ten variants in eight genes the evidence 
of an association was graded as strong (76). Dozens of candidate genes have also been identified that 
were associated with asthma risk and severity, including GATA3 and Muc5ac (77,78). Similarly, several 
studies have identified genetic polymorphisms associated with a higher risk of developing PcP (71,79- 
81), but there are no studies on colonization risk. There is no study on intersecting loci between asthma 
or COPD and Pneumocystis colonization, nor on the risk of primary infection in newborns. This Action 
can facilitate obtaining these data and clarifying its role in these situations. 

The human being has a sexual dimorphism that produces a divergence in the physical characteristics 
between chromosomally defined males and females. These differences exist at the organ, cellular, and 
molecular levels. However, the potential for these differences to contribute to sex differences in 
susceptibility and disease development is often overlooked. Sex-dependent differences in susceptibility, 
severity and progression have been shown in RDS, COPD, or asthma, but there is no data on its 
relationship with Pneumocystis infection/colonization (82). This Action also aims to address this issue. 

The diagnosis of Pneumocystis infection/colonization continues to be challenging and to date there is 
no other way to characterize its resistance than molecular analysis. The standard diagnostic method 
employed for its diagnostics involves mainly PCR-based techniques, which besides being highly specific 
and sensitive, require specialized personnel and equipment, and are time-consuming (54). Moreover, 
in the case of low fungal burden, the characterization of mutations related to drug-resistance in single- 
copy genes is limited due to the insufficient sensitivity of these methods, especially in the presence of 
inhibitors (4). As a result, standard PCR-based methods are not applicable as a wide-ranging diagnostic 
tool. This highlights the need for the development of high-throughput, time-competitive, and sensitive 
diagnostics. In this sense, selective biosensors based on DNA-gated nanomaterials for the identification 
of P. jirovecii are developing (83,84). These biosensors do not require previous DNA amplification steps 
and allow the identification of P. jirovecii in a few minutes. Therefore, as a low-cost and time-competitive 
technique, this is a promising alternative method for the routine point of care diagnosis of Pneumocystis 
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infection/colonization for both developed and developing countries. However, these biosensor devices 
need clinical validation that could be done through ‘Delve-into-Pneumocystis’. 

 
There are approved and validated breath tests available as tools for researchers and clinicians, but 
novel developments are ongoing (85). Highly novel non-invasive techniques to identify metabolic 
products as breathprints for specific diseases such as asthma and COPD and markers of specific 
respiratory pathogens have been developed and applied to breath analysis (86). Breath testing could 
be an attractive and innovative option for the diagnosis of Pneumocystis infection/colonization because 
of the proximity of the sample to the lesion and ready access to breath samples, which are simple and 
painless to collect and easily repeatable. 

 
Effective treatments for PcP are available to eliminate Pneumocystis infection (54). However, there are 
no clinical trials in patients with COPD or asthma that have investigated the effect of removal of P. 
jirovecii colonization on the course of these diseases. However, treatment of asthmatic patients with 
TMP-SMX improved lung function and reduced exacerbations in a clinical trial, but the presence of 
Pneumocystis was not determined in this study, and it cannot be ruled out that the effect depended on 
the elimination of other pathogens (87). On the other hand, TMP-SMX is still used for the treatment of 
exacerbations of COPD in many places. Thus, studies using controlled clinical trials that evaluate the 
effects of anti-Pneumocystis treatment are warranted in both patients with asthma and COPD. 

 
‘Delve-into-Pneumocystis’ expects to provide a better understanding of the role of Pneumocystis 
infection/colonization in the pathogenesis of human lung diseases through a comprehensive, multilevel, 
multi-omics and inter-disciplinary approach, and improve the prevention, management, diagnostics, and 
treatment of patients with Pneumocystis infection/colonization by better integrating clinical knowledge 
and research. 

 
1.2.2. OBJECTIVES 

1.2.2.1. Research Coordination Objectives 

 
1. To make possible multicenter research through the design and implementation of a data registry 

(specimens and clinical data) for children and adults 
2. To promote the development and implementation of guidelines and techniques/products for 

Pneumocystis diagnosis and therapy through experimental and clinical validation 
3. To develop research protocols that help clarify the pathogenic role of Pneumocystis in 

respiratory pathology in infants and chronic lung diseases in adults. 
4. To identify priorities for further translational research on the field of Pneumocystis infection. 
5. To search for opportunities for international coordinated Pneumocystis research both in the 

Horizon Europe programme and in other funding schemes and initiatives. 

 
1.2.2.2. Capacity-building Objectives 

1. To build a network of healthcare professionals and multi- and interdisciplinary high-quality and 
translational research teams to strengthen the collaborative research among different countries 
and sectors with a wide range of complementary know-how and expertise. 

2. To provide development opportunities via cooperation between basic researchers and 
healthcare professionals and provide researchers working in hospital/academic/industrial 
context the opportunity of reciprocal short-term scientific missions (STSMs), obtaining a global 
vision, from basic discoveries to product development and preclinical/clinical validation. 

3. To increase the relation and cooperation with less research-development countries across 
Europe (i.e. ITC and NNC countries), who also have the highest burden of Pneumocystis 
pneumonia or with greater limitations for diagnosis and treatment of Pneumocystis infection. 

4. To ensure knowledge, skills, and expertise exchange through training activities, highlighting the 
role of young researchers and innovators increasing their visibility, as well as the importance of 
gender/sex and Responsible Research and Innovation (RRI) issues in Pneumocystis research 
and in dissemination/communication activities. 

5. To coordinate joint courses/workshops/meetings with other COST Actions/EU projects. 
6. To make Delve-into-Pneumocystis more visible in both the European and international level 

through specific tools to healthcare professionals, researchers, patients, nongovernmental 
organizations, investors, policymakers, and the general population. 
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2. NETWORKING EXCELLENCE 

2.1. ADDED VALUE OF NETWORKING IN S&T EXCELLENCE 

2.1.1. ADDED VALUE IN RELATION TO EXISTING EFFORTS AT EUROPEAN AND/OR 
INTERNATIONAL LEVEL 

 
‘Delve-into-Pneumocystis’ will add value to the already existing research funding efforts of various 
national, European and International bodies in the control of infectious diseases and antimicrobial 
resistances, as well as in the relationship between infections and non-communicable diseases, covering 
different aspects of the pathophysiology of Pneumocystis infection in human and challenging issues on 
its diagnosis and prevention. In this context, this action is aligned with the European Commission, the 
United States National Institute of Allergy and Infectious Diseases, the United Nations Millennium 
Development Goal 4 (reduce child mortality) and Goal 6 (Combat HIV/AIDS, Malaria, and other 
diseases) and the WHO Global Strategy on Infection Prevention and Control. Among international 
Pneumocystis researchers of this COST Action there is a strong and growing sense of community 
reflected by the existence of joint publications and participation in projects from the European 
Commission, ERA-Net PathoGenoMics, ERANet-LAC and the Ibero-American Programme of Science 
and Technology for Development (CYTED). In addition, the COST Action partners have also good 
connections in Eastern Europe and Latin America, large regions highly affected by HIV-associated PcP 
and with scarce recourses for Pneumocystis diagnosis. Thus, the basis of networking already exists, 
and our proposal combining multidisciplinary expertise represents an excellent opportunity to increase 
knowledge on Pneumocystis infection and colonization and its role on main chronic lung diseases 
(COPD and asthma) and major threat neonatal lung disease such as RSD, accelerating progress 
towards improving their management and control as well as to diagnosis and prevention of PcP. Our 
proposal includes partners from 15 countries, 9 located in Europe, one located in Caribbean region 
(Cuba), three in South America (Chile, Colombia and Brazil), and two from North America (Mexico and 
USA). 

 

2.2. ADDED VALUE OF NETWORKING IN IMPACT 

2.2.1. SECURING THE CRITICAL MASS, EXPERTISE AND GEOGRAPHICAL BALANCE 
WITHIN THE COST MEMBERS AND BEYOND 

 
‘Delve-into-Pneumocystis’ involves different healthcare professionals, basic and technological 
researchers, and stakeholders from different countries and backgrounds that are expected to work 
cooperatively as a network to resolve the current challenges in Pneumocystis human infection beyond 
pneumonia caused by this opportunistic pathogen. This COST Action must be the seed for a public- 
private strong collaboration with a critical mass of leading-edge scientists, NGOs and companies. The 
coordination of the Action research resources and capabilities will build the necessary critical mass for 
increasing the knowledge and the innovation by generating the most advanced scientific approaches. 
‘Delve-into-Pneumocystis’ mission will be possible through the exchange of participants from countries 
with different incidence rates, access to diagnostic and treatment health services, Pneumocystis drug 
resistance, health system organization, and availability of economic resources, ensuring a global vision 
of the current Pneumocystis infection/colonization situation. The sharing of multi- and interdisciplinary 
know-how among the different teams involved in the action will also ensure that different points of view 
are considered. The network will be open to researchers with a demonstrated record of excellent 
research, experts, and organizations not included in the initial proposal, as the network will grow during 
the first 3 years, with active e-mail campaigns specifically at the start of the project and repeated as 
needed throughout the project. Secondary proposers are International Partner from American Countries, 
which will represent an important opportunity to expand the consortium through America. Some 
synergies between Action participants already existed in the context of previous national and 
international funded projects, so most of the submitting partners had already been collaborating closely, 
securing successful integration and commitment to the COST Action plan. 

 
2.2.2. INVOLVEMENT OF STAKEHOLDERS 

 
Delve-into-Pneumocystis will involve four general groups of stakeholders and target groups (Table 1) 

 

Stakeholders & Target 
Groups 

Dissemination & 
Communication channels 

Kind of information 
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Scientific/Medical community 
Healthcare professionals 
(neonatologists, paediatrics, internists, 
family physicians, general practitioners, 
nurses, allergist, pneumologist, 
microbiologists, immunologists, 
specialist in infectious diseases, and 
other clinicians who must face 
Pneumocystis pneumonia), Basic 
researchers (biochemists, chemists), 
Technology developers, PhD students 

Internet Forum (Web), scientific 
publications, research data 
repositories, conferences and meeting 
talks, audio-visual material, social 
media, newsletter, training schools, 
Workshops, short term scientific 
missions 

Advances in knowledge, scientific 
results of the project, news, posts and 
feed-back 

Private or public industry groups 
Start-ups, SMEs, Diagnostic and 
pharmaceutical companies, Medical 
ICT experts 

Internet Forum (Web), social media, 
publications, licensing of technology, 
conferences and meeting talks, audio- 
visual material, joint grant applications 

Advances in knowledge, scientific 
results of the project, technical videos 
and technical fact sheets, promotional 
literature, experimental data 

Decision-makers and policy 
regulators 
European, regional, and local 
authorities, NGOs, Regulatory 
authorities, Key Opinion Leaders 

Workshops, Website, social media, 
report to the Commission, advisory 
councils, newsletter 

Increase awareness of the issue, 
highlight the importance of the 
problem, provide new insight on issue, 
fact sheets, news, posts and feed-back 

General population 
Individual citizens, students, teachers, 
and patients’ groups 

Press releases/articles, TV/radio 
broadcasts, social media, Website, 
open lectures, educational material, 
newsletter, school visits, student 
placements, laboratory tours 

Promotion of science, everyday life 
impact, news posts and feed-back 

To actively involve stakeholders, ‘Delve-into-Pneumocystis’ will develop a wide range of activities that 
are summarized in the table. Meetings with relevant companies will be planned to present the results of 
this Action and exchange reciprocal feedback on further identification of potential biomarkers and the 
development of new diagnostic tools. The dissemination plan for key opinion leaders, policy and decision 
makers and regulators will be the elaboration of technical reports and consensus documents, 
recommendations for European policy, articles for national and local press/media, and open-access 
scientific publications. To engage the general population, the Action will have a presence on social 
networks (LinkedIn, X, Facebook, Telegram channel, YouTube), info days, and special events, such as 
the European Researchers' Night, where many activities are carried out around the world to raise public 
awareness. Finally, it is also important to incorporate the vision of patients for better engagement. 

 

3. IMPACT 

3.1. IMPACT TO SCIENCE, SOCIETY AND COMPETITIVENESS, AND POTENTIAL 
FOR INNOVATION/BREAKTHROUGHS 

3.1.1. SCIENTIFIC, TECHNOLOGICAL, AND/OR SOCIOECONOMIC IMPACTS (INCLUDING 
POTENTIAL INNOVATIONS AND/OR BREAKTHROUGHS) 

 
The contribution of fungi to the global burden of disease is largely unrecognized and is not fully 
appreciated since fungal diseases are still a neglected issue by public health authorities. The real 
significance of PcP in at-risk patients is underestimated due to the lack of uniform epidemiological data 
and standardized diagnostic procedures around the world. Fungal research is generally underestimated 
and underfunded worldwide, while the implementation of more sensitive methods for early and effective 
diagnosis appears to result in lower mortality. The choice of Pneumocystis as the subject of this COST 
Action is supported by the fact that it remains one of the main pathogens responsible for most cases of 
serious fungal lung diseases, especially among patients at risk of opportunistic infections. PcP has been 
listed by Global Action for Fungal Infections (GAFFI) as a top priority infection of public health concern 
and is identified as one of the three major complications of immunosuppression with significant morbidity 
and mortality among immunocompromised hosts (https://gaffi.org). Anti-Pneumocystis prophylaxis is 
widely used in certain at-risk populations; however, it is toxic and has been shown to be ineffective in 
many cases due to the development of drug resistance. Unlike other fungi and common bacteria, 
Pneumocystis is not cultivable and thus requires a different diagnostic approach. As a result, it remains 
poorly studied, especially in terms of drug resistance. Therefore, robust, rapid, simple, and universal 
diagnostic techniques capable of detecting Pneumocystis infection/colonization and gene mutations are 
of particular importance. The expected results will have an impact on public health benefits in terms of 
reducing PcP incidence and the spread of treatment-/prophylaxis resistant pathogen strains. As a 
consequence, the concluding results of this COST Action will benefit both the patients themselves (by 
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preventing infections, limiting the spread of the pathogen in the population, as well as increasing the 
chance of effective treatment in the event of infection), as well as diagnosticians and attending 
physicians, who will have access to effective, quick, and reliable diagnostics, and additionally to data on 
the existence of a potential risk of nonresponse to specific drugs. The data obtained as part of this action 
will also create the opportunity to reduce Pneumocystis spread, which is important for economic reasons 
by reducing the number of patients requiring costly hospitalization, and above all, considering the risk 
of fatal complications because of infection. 

Addressing lung diseases in preterm birth is essential to accelerate progress towards Millennium 
Development Goal 4 for child survival. In addition to its significant contribution to mortality, the effect of 
preterm birth amongst some survivors may continue throughout life impairing and affecting long-term 
physical health with a higher risk of noncommunicable disease. These effects exert a heavy burden on 
families, society, and the health system. Therefore, preterm birth is one of the largest single conditions 
in the Global Burden of Disease analysis given the high mortality and the considerable risk of lifelong 
disability. Innovative solutions to reduce preterm and infant morbidity and mortality are urgently needed. 
The need for a better understanding of the etiologies of preterm complications and novel interventions 
is further supported by multiple studies (88,89). There is an urgent need for scientific studies, such as 
our proposal action, to illuminate the root causes, underline molecular pathways and potential targets 
for future interventions to improve newborn and infant outcomes. 

 
Chronic lung diseases are the leading cause of disability and death worldwide, and COPD and asthma 
are the most prevalent (90). There are more than 250 million cases of COPD in the world and this 
disease was the third leading cause of death worldwide, causing 3.23 million deaths in 2019. Almost 
90% of COPD deaths in people under 70 years of age occur in low- and middle-income countries (WHO, 
16 March 2023). Approximately 300 million people have asthma worldwide, with a projected increase of 
an additional 100 million people by 2025, causing almost half million deaths annually (91). In 2017, the 
loss of disability adjusted life years (DALY) was the first for COPD and the second for asthma. Both are 
responsible for the loss of health-related quality of life (QoL) seen in many patients (91,92). 

 
‘Delve-into-Pneumocystis’ should produce the first integrated overall model to understand the role of 
Pneumocystis infection/colonization in the pathogenesis of COPD and asthma the main chronic 
respiratory diseases. This COST Action should lead to an integrated community-wide approach 
investigating innovative concepts and critical gaps in the pathogenesis of these diseases and mobilizing 
relevant stakeholders toward that achievement. Research will focus on translational aspects, integrating 
new knowledge of pathogen-host interactions with clinical data to develop a better understanding of 
COPD and asthma, and to improve the management of these diseases, which is fully consistent with 
one or several expected impacts of destination 3 “Tackling diseases and reducing disease burden”. 

 
The expected results and their innovative potential are as follows: 

 

• Improving knowledge of the epidemiology and natural history of infection/colonization by P. 
jirovecii, having thus impact on treatment and prophylaxis of pulmonary colonization and on the 
risk of developing PcP among vulnerable people (new guidelines for clinical management) 

• Clarifying the real role of Pneumocystis in COPD and asthma exacerbation and improving 
treatment of situation where many patients are unnecessarily treated with antibiotics, increasing 
the risk of antibiotic resistance. 

• Clarifying the position of Pneumocystis into fungal asthma 

• Deepening in the knowledge of immunological and inflammatory response induced by P. 
jirovecii in patients with COPD and asthma, allowing to better understanding the 
pathophysiology of those diseases, improving thus our capacity for diagnosis and tailored 
treatment. 

• Clarifying whether specific anti-Pneumocystis IgG and IgM antibodies are protective against 
colonization or have values as biomarkers of Pneumocystis colonization. 

• Clarifying the impact of Pneumocystis colonization on the clinical evolution of patients with 
COPD and asthma, since specific treatment for Pneumocystis infection could improve the 
prognosis of patients with COPD and asthma who have this colonization. 

• Contributing to the 1+Million Genomes Initiative to generate genomic data and link it to 
phenotypic data in both infectious diseases (Pneumocystis infection) and common complex 
diseases (COPD and asthma). 

• Contributing to significant socio-economic benefits to Europe since personalized medicine will 
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allow efficient cost-effective prevention. 

 
This project will try to elucidate the actual role of Pneumocystis colonization in asthma, opening the 
exciting possibility of intervening with specific anti-Pneumocystis drugs in patients with severe asthma 
with known sensitization and/or colonization with P. jirovecii. We will test this idea through a clinical trial 
with a specific anti-Pneumocystis drug without antibacterial activity such as atovaquone, verifying its 
effect on immunological alterations, bronchial hyperreactivity, and exacerbations. In the same line, we 
will carry out a clinical trial with patients with COPD. 

 
Identification of host genotype characteristics associated to a greater risk of infection/colonization 
caused by P. jirovecii could lead to a select the COPD and asthma patients susceptible of Pneumocystis 
diagnostic monitoring or candidates for a more intensive or early specific treatment and prophylaxis and 
reducing demand on a highly specialist and expensive workforce. Identification of individual genetic 
predisposition to Pneumocystis colonization or to develop PcP offers promises to support personalized 
and cost-effective care. 

 
It is vital to understand a person’s genetic predisposition to disease to better prevent, diagnose, and 
treat complex diseases such as COPD and asthma or prevent PcP in vulnerable individuals and to be 
able to practice personalized medicine. Personalized medicine will result in faster and more accurate 
diagnosis of diseases, better identification of the likely responses of individuals to medication, and 
advances in preventive medicine. For people, beneficial outcomes will include better health, better 
quality of life, and increased life expectancy. For health systems, savings will result from greater 
efficiencies and cost savings that are the consequence of personalized medicine. For the economy, 
these scientific and medical advances are likely to form the basis of data-driven innovation and the 
development of new and novel markets for services, products, and medicines. 

 
Developing or validation of new diagnostic tools to identify and monitor Pneumocystis 
infection/colonization more easily is one of the cornerstones of this project. Those systems allow to 
better prevent, diagnose, and treat PcP and Pneumocystis colonization and to design customized 
treatments. 

 
The development of useful strategies for the control of infectious diseases requires a good 
understanding of the pathogen's epidemiological characteristics, as well as of the host's defence 
mechanisms. Today, our knowledge about P. jirovecii infection/colonization is still limited. ‘Delve-into- 
Pneumocystis’ is intended to provide information leading to a better understanding and greater 
understanding of the role of Pneumocystis infection/colonization in human diseases. 

 
At our knowledge, no strategy was proposed to tackle Pneumocystis colonization on COPD or asthma 
patients until now. For this reason, guidelines for the management of patients suffering from 
Pneumocystis colonization in COPD or asthma patients will achieve, in an implementation perspective, 
the conventional dissemination strategy (publications in high impact scientific journals, international 
events, specific interactive website, progressive incorporation of new notions in the education programs 
of health staffs) of resulting new knowledge. 

 
The results of this project could have an important socioeconomic impact. Efficient cost-effective 
prevention or early control measures will lead to a significant decrease in Pneumocystis related diseases 
costs at the population level. Furthermore, the innovative dimension of the project will include the 
development of new highly sensitive diagnostic tools that allow cost-effective detection of Pneumocystis 
colonization and PcP. 

 

3.2. MEASURES TO MAXIMISE IMPACT 

3.2.1. KNOWLEDGE CREATION, TRANSFER OF KNOWLEDGE AND CAREER 
DEVELOPMENT 

This COST Action represents the first tentative approach to define globally the role of Pneumocystis 
infection/colonization in the pathogenesis of human disease beyond PcP. Therefore, the results should 
have a significant impact on public health policy. To achieve this objective, the participation of partners 
with different expertise is required: institutions with large experience in patient clinical management, 
institutions with expertise in basic knowledge and technology and SMEs with experience in developing 
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new technology and its transference to the market. The proposers included in the Action reflect this 
inter/multidisciplinary vision. The network will engage in a solid and evidence-based transfer of 
knowledge to a multiplicity of audiences and stakeholders through communication and dissemination 
activities (see Section 3.2.2). The Action proposers were already connected and previously organized 
international meetings with participation of clinicians and basic researchers on Pneumocystis infection 
amplifying the communication of recent findings in this field to the professionals operating on the 
community level. ‘Delve-into-Pneumocystis’ will promote the interaction between basic research 
scientists and clinicians to build a support network to speed up the translation of new discoveries (for 
example, to facilitate the access for academic partners to participate in the design and planning of 
clinical trials). This Action will offer interdisciplinary opportunities for cooperation between scientists and 
clinicians and provides researchers working in academic/industrial context the opportunity of reciprocal 
STSMs, obtaining a global vision, from basic research discoveries to product development and 
preclinical/clinical validation. These exchanges will represent a transfer of knowledge with invaluable 
benefits for the scientific and professional growth of the next generation of researchers. ‘Delve-into- 
Pneumocystis’ will organize specific thematic symposiums/workshops and will promote exchanges 
between members from different sectors, to identify opportunities and maximize the transfer of 
knowledge. The goal of the capacity and professional program of this COST Action is to increase the 
capacities, skills, and knowledge of researchers from the different fields and countries to improve their 
future career development. In this COST Action, researchers will receive scientific and transferable skills 
training that will be included in the program of meetings, training schools, and seminars organized during 
‘Delve-into-Pneumocystis’ (see Section 4.1.2). 

A focus on transferable skills will also be considered and will include, among other topics, research 
integrity and responsibility, people/personnel/financial/risk management, management and leadership 
skills, scientific writing, and entrepreneurship. They will also participate in international and intersectoral 
seminars and exchanges that will help to reduce the gap between Academy and Industry, and that will 
broaden their opportunities. A major career development tool in ‘Delve-into-Pneumocystis’ will be the 
STSMs, representing short and long exchanges between institutions supporting mobility and fostering 
collaboration between trainers and trainees. The Action will give special attention to training 
professionals with hearing, vision, and other disabilities with successful integration of these colleagues 
in research and development programs. The concept of mentorship by experienced researchers from 
different sectors and countries will be adopted. Our intention is that not only young professionals will 
benefit from the training, but also senior experts will be able to upgrade their knowledge and improve 
their career opportunities. 

 
3.2.2. PLAN FOR DISSEMINATION AND/OR EXPLOITATION AND DIALOGUE WITH THE 

GENERAL PUBLIC OR POLICY 

 
The dissemination / communication plan is intended to engage and bring the results to as many relevant 
stakeholders as possible. The planned activities will be implemented by WG 4 (section 4.1.1). The new 
knowledge resulting from this project will mainly be spread to the following targets: 

 
1) Scientific groups developing clinical or basic research on respiratory diseases, to inform them about 
new advances in the field, to provide scientific exchange around relevant findings, and to improve the 
understanding of the role of Pneumocystis in neonatal lung diseases, COPD, and asthma; 2) private or 
public industry groups potentially involved in the development of new systemic antifungal drugs (e.g., 
pharmaceutical companies or groups able to develop automated tools to measure Pneumocystis drug 
susceptibility), but also of new tools to prevent Pneumocystis colonization or for assessing airborne risk 
of Pneumocystis infection (e.g., adapted device to detect Pneumocystis DNA in air); 3) Health 
authorities, providing them with new knowledge on the clinical impact of Pneumocystis colonization in 
neonatal lung diseases, COPD and asthma to establish suitable guidelines to implement adapted health 
policies; 4) Public, members of the community in general, to provide information on Pneumocystis 
infection as a potential cause of community lung disease in people with varying levels of general and/or 
specific immunity. To achieve the objectives, dissemination will be developed as follows: 

 
1. Specialized and general scientific environment: 1) Internet Forum. The consortium plans to open an 
Internet Forum to provide daily update information on research progress; 2) COST action meetings. 
During the project, we will organize: (a) Progress Activity Meetings (PAM), where the Action 
Management Committee (Action MC) will meet every 12 months to evaluate the progression of the 
planned tasks and examine emerging scientific options, technical difficulties, or potential Intellectual 
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Property Right (IPR) matters; (b) Annual General Meetings (AGM), organized as a scientific symposia 
with the participation of all members of the Action and will be on the same days that PAM; (c) Specialized 
Meetings (SM), organized when needed as informal work meetings to examine action-related specific 
emerging scientific or technical questions, limited to specifically involved people; 3) Specific 
Conferences. Members of the Action will participate in national or international conferences in the field 
of mycology and microbiology, presenting relevant findings from ‘Delve-into-Pneumocystis’; 4) General 
Conferences. Members of the Action will also participate in national and international conferences on 
neonatology, pneumology, internal medicine, and infectious diseases; 5) Publications: ‘Delve-into- 
Pneumocystis’ intends to publish the scientific results obtained in international journals with high impact 
index and open access. 

 
2. Pharmaceutical industrial groups and private agencies: Well-targeted reports about scientific 
advances with possible impact could be disseminated to industrial groups but only within the framework 
of well-established contractual agreements authorized by the European Commission, to accurately 
define well-established frameworks of collaboration between involved members of ‘Delve-into- 
Pneumocystis’ and industrial groups. 

 
3. National Health Public Agencies: Reports on results with potential practical impact on prevention 
could be adequately addressed to specific staff members of National Health Public Agencies after 
scientific and administrative agreement of EC. 

 
4. General Population: The Scientific and Dissemination Committee (SDC) shall provide a one-page 
publishable summary of the project which can be easily disseminated and distributed to the public. In 
addition, not later than the last report, the SDC shall provide to the Commission a publishable poster 
targeted to a non-specialist audience and summarizing the main features of the entire COST Action. 
Taking advantage of press diffusion of International Conferences, press reports about results with 
general interest could be disseminated to press companies and/or health popular journals by the SDC, 
in full agreement with the members of the network. Information about Delve-into-Pneumocystis and its 
results will also be transmitted to national and international patient associations such as European 
Patients Forum (https://www.eu-patient.eu/) or European Foundation for the care of newborn infants 
(https://www.efcni.org) among others (https://erapermed.isciii.es/wp- 
content/uploads/2019/10/MS14_List-of-patient-organisations.pdf). 

 
Finally, if the results of this project lead to the implementation of clearly defined new prophylaxis actions, 
the Action will develop an informative guideline document, which could be widely distributed by the EC. 

 
The potential for exploitation in terms of impact on treatment and clinical practices cannot be easily 
assessed. However, the SDC shall submit during the last year of the Project a 'Technology 
Implementation Plan' acceptable to the Commission. This plan should indicate all potential foreground 
rights and exploitation intentions. It shall include a summary of the project, a forecast of the intentions 
of each partner, and a description of achievements with respect to the use of knowledge (including 
timetable). 

 

4. IMPLEMENTATION 

4.1. COHERENCE AND EFFECTIVENESS OF THE WORK PLAN 

4.1.1. DESCRIPTION OF WORKING GROUPS, TASKS AND ACTIVITIES 

 
‘Delve-into-Pneumocystis’ will be organized by 4 interrelated Working Groups (WG) to accomplish the 
main proposed goals. WG1, WG2 and WG3 will be devoted to clinical research and technological 
development activities. The partners involved already have funding to perform some of the proposed 
tasks, and new projects will be submitted by jointly written applications. WG4 is a transversal WG that 
will communicate within and outside the network and will be primarily responsible for coordinating and 
disseminating the Action’s activities and improving its impact (described in Section 3.2.2). Each WG will 
be jointly co-chaired by a senior researcher and a YRI, who together will coordinate all activities within 
their WG, plan the agenda for all WG meetings, chair these meetings, submit reports, and monitor the 
timely completion of all deliverables/milestones. The Action MC will have the general responsibility for 
the Action (decision-making body) and coordinates activities with all WG leaders. The Action MC meets 
on a regular basis including annual face-to-face meetings and online at an interval of 3 months. The 

http://www.eu-patient.eu/)
http://www.eu-patient.eu/)
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Chair and Vice-Chair are responsible for scientific and innovation management and will be supported 
by a Core Group. General Assembly (GA) meetings will be held annually, in parallel with Action MC and 
WG meetings. Training workshops will be held together with WG meetings and will be hosted 
in turn by Action members.  

 
WG1 (Clinical cohorts of patients). The main goal of WG1 is to create an inventory of cohorts from 
COPD and asthma patients colonized with Pneumocystis and newborns with primary Pneumocystis 
infection, as well as PcP cases, to provide a snapshot of the available cohorts that can be used in 
research, thus facilitating current and future collaborations between partners. A subgroup of healthy 
individuals will also be considered. An infant cohort is already collecting data and samples in the context 
of a funded project with partners in the current proposal. Clinical data from the cohort will be collected 
and recorded anonymously to secure the patient's identity in Research Electronic Data Capture 
(REDCap). Clinical samples, such as blood or respiratory specimens, as well as P. jirovecii isolates, will 
be collected and stored and registered in institutional biobanks. The procedures will follow the guidelines 
of the International Council for Harmonisation-Good Clinical Practice and GDPR. Sustainability of the 
structure will be maintained by applying to different calls to finance the costs. Tasks and activities. 1.1 
Establish a register for retrospective cohorts already available (biosample and clinical data collection) 
and enrolment of prospective patients. 1.2 Generate a document detailing all clinical and microbiological 
variables to be collected and registered. 1.3 To create an infrastructure for multicenter trials and trainings 
to ensure compliance and performance of SOPs. 1.4 Establish quantitative criteria for classification and 
assessment of the quality of clinical samples. 1.5 Organize meetings and STSMs to address biobanking 
requirements and ICH-GCP guidelines. The training school will be prioritized with a focus on 
standardized biosample collection and documentation / processing and the use of these samples for the 
development and validation of biomarkers. 

 
WG2 (Development and evaluation of novel diagnostic methods) The main goal of this WG2 is to 
describe and compare the performance of diagnostic tools for Pneumocystis infection/colonization and 
drug resistance, including emerging tests that will be evaluated in different epidemiological/geographical 
settings. Additionally, we will survey the use of other tools across countries to identify the priorities for 
further development of the tests. Parameters to consider include, among others, limit of detection, 
sensitivity, specificity, sample preparation procedures, and cost. Current diagnostic tools are based on 
PCR techniques. However, these methods have limitations, and techniques based on biosensors and 
amplification-free detection technologies are more promising, but they need to be validated. Tasks and 
activities. 2.1 To characterize the responses of IgM and IgG anti-Pneumocystis antibodies profiles in 
different study populations. 2.2 Review and evaluate Pneumocystis detection tests and providing a 
consensus method for P. jirovecii qPCR. 2.3 Develop and validate a new biosensor based on plasmonic 
nanoparticles as thermal transducers for point-of-care Pneumocystis diagnosis and 2.4 To organize 
meetings, STSM and/or training schools to address the state of the art, advantages, and pitfalls of 
diagnostic methods for Pneumocystis infection. 

 
WG3 (Pneumocystis physiopathology) The main objective of this GW is to know the real frequency 
and clarify the pathogenic role of colonization by Pneumocystis in patients with COPD and Asthma and 
of primary infection in newborns. Identify risk factors for colonization/infection in these populations and 
establish the bases for developing measures for its prevention and treatment. Tasks. 3.1 Review and 
evaluate available data about frequency and clinical characteristics of COPD or asthma colonized 
patients compared to data from network cohorts. 3.2 Review and evaluate the available data about 
frequency and clinical characteristics of infants with Pneumocystis infection compared to data from the 
network cohort. 3.3 To establish protocols to develop clinical studies on neonatal Pneumocystis infection 
and colonization in chronic lung diseases. 3.4 Organize meetings, STSMs, and / or training schools to 
address key areas regarding treatment options and monitoring strategies in patients with infection or 
colonization by P. jirovecii. 

WG4 (Communication and dissemination) It will oversee and be responsible for dissemination, 

communication, and outreach activities. This WG will organize network meetings and provide support 

for the WGs meetings, workshops, STSMs and training schools. It will also be responsible for providing 
updates on the network’s activities, disseminating the Action’s progress and initiatives to the public and 
bringing new members to the network. Tasks and activities. 4.1 Develop and implement an action plan 

for dissemination and sharing activities to increase the visibility of the Action. 4.2 To set up the Action 
Forum and website. 4.3 Create the Action member database with information about each participant. 

4.4 Involve new researchers, other reference networks, and private partners that may be interested in 
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Pneumocystis research. 4.5 Coordinate and publish the WG’s results. 4.6 Translate scientific efforts into 

public dissemination through regular newsletters and on-line communication channels. 

 
4.1.2. DESCRIPTION OF DELIVERABLES AND TIMEFRAME 

 
The list of deliverables and milestones with their timeframe are shown in tables below. 

 

No. Description WG Delivery date Quarter 
(Q)/Year (Y) 

M 1.1 Database for patients and samples registration 1 4Q/1Y 

M 1.2 Ethics Committee approval for all recruiting centres 1 1Q/2Y 

M 2.2 Analytical and clinical validation of new diagnostic tools 2 4Q/3Y 

M 3.1 Design of clinical trials for treatment of colonization in COPD and asthma 3 1Q/3Y 

M 4.1 Release of an action plan for dissemination and sharing activities 4 3Q/1Y 

 
No. Description WG Delivery date Quarter 

(Q)/Year (Y) 

D1.1 Report on database available for data sharing including clinical data 
and strains genotypical characterization of P. jirovecii 

1 4Q/1Y 

D 1.2 Report on Pneumocystis cohorts available 1 2Q/3Y 

D 1.3 Standard operating procedures and guidelines for collection, handling, 
processing, storage and coding for clinical samples and clinical strains 

1 4Q/1Y 

D 2.1 Report on new available tools for diagnostic purposes and evaluation 
of potential other tools 

2 2Q/4Y 

D 2.2 Publication a systematic review on the different detection tests 
available and their advantages and limitations 

2 3Q/4Y 

D 3.1 Publication a systematic review on Pneumocystis colonization in 
COPD 

3 1Q/2Y 

D 3.2 Publication a systematic review on Pneumocystis colonization in 
Asthma 

3 3Q/2Y 

D 3.3 Publication a systematic review on role of Pneumocystis infection in 
neonatal lung diseases 

3 1Q/3Y 

D 3.4 Establishment of protocols for developing clinical studies in neonatal 
Pneumocystis infection and colonization in chronic lung diseases 

3 4Q/2Y 

D 4.1 Website available (updated regularly) 4 2Q/1Y 

D 4.2 Database with information about each member of the Action (updated 
regularly) 

4 4Q/4Y 

D 4.3 Report on WG activities 1-4 1Q/2Y and 1Q/4Y 

D 4.4 Report on the STSMs output 1-3 1Q/2Y and 1Q/4Y 

 
4.1.3. RISK ANALYSIS AND CONTINGENCY PLANS 

 
The main potential risks and difficulties that could arise during ‘Delve-into-Pneumocystis’ are 
summarized below in the table with their likelihood and the respective contingency plans. 

 

Risk Likeliho
od 

WG Contingency plan 

Differences in ethical and 
regulatory issues 

 
Medium 

 
1 

To Include experts in ethics and legal issues in the network. Providing 
support to each participating center in adapting the general ethical and 
legal framework to local regulations. 

Different national rules 
regarding clinical trials, data 
safety and types of informed 
consent 

 
Medium 

 
1,2,3 

Protocols will be performed according to Good Clinical Practice 
guidelines. Patients’ data protection will be managed in accordance 
with the new EU General Data Protection Regulation. 
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Scarce synergies among 
members and few 
interdisciplinary interactions 

 
Low 

 
1,2,3 

Include healthcare professionals and scientists in all activities of the 
WGs and network actions. To encourage their collaboration through 
interdisciplinary discussions and 
scientific exchanges during WG meetings, and conferences 

   organized by the Action. Organize thematic symposiums with key 
actors of each team. 

 
Delay in the tasks’ execution 

 
Low 

 
1-4 

Monitoring the release of deliverables on a regular basis through 
internal meetings and direct communication with leaders of each WG. 
To allocate additional resources and participants to the tasks if 
necessary. 

Little stakeholder 
engagement and 
collaboration 

 
 

Low 

 
 

1-4 

Advocate for active participation of key actors and relevant 
stakeholders, ensuring that they will benefit from Action activities 
through a strategy that will be reviewed annually. Staging joint actions 
with national and local stakeholders (scientific society, media, and 
NGOs) 

 
 

Language or culture barriers 

 
 

Medium 

 
 

1-4 

Translating network information into languages of each participating 
country. In each country, Delve-into- Pneumocystis will nominate a 
network member who will serve as a contact person to mediate culture 
and language communication problems. 

Confinement that prevents 
travel due to pandemic 
situations 

 
Low 

 
1-4 

Online meetings and the use of web/virtual tools will be used while 
restrictions last. 

 
4.1.4. GANTT DIAGRAM 

 
The diagram below illustrates in color the time and frequency allocated for each activity, except for 
training schools, workshops, and STSMs, which will be planned ad hoc. 

 

 
Actividades 

Year 1 Year 2 Year 3 Year 4 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

Meetings Regular Meetings 

Kick-of meeting                 

MC meeting                 

WG meeting                 

Annual meeting                 

WG1 Clinical cohorts of patients 

Cohorts registration 

and enrolment 
                

Standard operating 

procedures 
                

Infrastructure for 
trials and trainings 

                

Criteria of quality for 

clinical samples 
                

WG2 Development and evaluation of novel diagnostic methods 

Characterize anti- 

antibodies profiles 
                

Evaluation detection 

tests and consensus 
                

Develop / validate 

diagnostic tools 
                

WG3 Pneumocystis physiopathology 

COPD and asthma 

colonized patients 
                

Pneumocystis 

infection in infants 
                

Establish protocols 

for clinical studies 
                

WG4 Communication and dissemination 

Action Plan for 

Dissemination 
                

Action Forum and 

website 
                

Action member 
database 

                

Involve new 

members in the 

action 

                

Coordinate/ publish 

the WG’s results 
                

Dissemination of 

scientific efforts 
                

MC: management committee; WG: working group 
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