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Chapter 8

Summary and discussion

Photodynamic Therapy (PDT) is based on the use of photo-activatable photosensitizers that 

produce reactive oxygen species (ROS) upon activation with light of a specific wavelength.1 PDT 

is currently applied in different oncological and non-oncological diseases. Importantly, several 

photosensitizing agents have been approved by the US Food and Drug Administration (FDA) for 

the treatment of various cancers, including esophageal, bladder, cervical, lung, head and neck, 

prostate, and gastrointestinal cancers. Compounds, such as protoporphyrin IX (PpIX), Photofrin, 

Foscan and Lutex represent firstand second-generation photosensitizers. Non-oncological diseases, 

such as age-related macular degeneration and myopic choroidal neovascularization, also rely on 

PDT as a first-line therapy with the clinically approved photosensitizer Visudyne.2 In dental diseases, 

the precursor of PpIX - 5-aminolaevulinic acid (5-ALA) - was also implemented as a diagnosis tool 

to distinguish malignant from non-malignant lesions. Here, the 5-ALA is topically applied in the 

suspected lesion and the accumulation of intracellular porphyrins increases the tissue fluorescence 

upon irradiation.3 Bacterial, viral and fungal infections represent another major concern among oral 

pathologies. As the conventional treatments do not prevent some of these infections to re-occur, 

antimicrobial PDT (aPDT) started to be clinically implemented in the treatment of oral candidiasis, 

herpes labialis and chronic periodontitis.4 Lastly, aPDT is also clinically applied for the treatment 

of acne vulgaris, Leishmaniasis and other microbial skin infections.5 All these applications are very 

effective and, therefore, they formed the incentive for the present PhD research to investigate a 

much broader implementation of aPDT in the fight against infectious diseases. Importantly, many of 

the compounds used in aPDT are fluorescent, which opens the possibility to use them not only for 

therapeutic interventions, but also for the diagnosis of infectious diseases, which therefore became 

a second major objective for the PhD research described in this thesis.

Infectious diseases are one of the biggest threats to human health, both in terms of morbidity and 

mortality.6 Bacterial infections are usually easier to treat than viral or parasitic infections, due to 

the extensive availability of potent antimicrobial agents. However, the rise of bacterial resistance to 

antimicrobials is becoming a growing problem in our daily life. In particular, the world-wide overuse 

and unnecessary prolonged use of antibiotics are undermining the efficacy of most of the currently 

available therapeutic drugs.7,8 Spontaneous mutations in bacterial genomes and horizontal transfer 

of resistance genes between different bacterial species are the primary causes of the emergence 

of multiple antimicrobial resistances in pathogenic microorganisms.7,8 Moreover, most of the 

antibiotics target a broad spectrum of microorganisms and, therefore, their administration may 

affect other nontargeted bacterial communities in the human body.9 Furthermore, the costly 

and relatively slow traditional diagnostic modalities used to detect infections make it necessary 

to implement empiric infection management with broad-spectrum antibiotics. In turn, this elicits 

the emergence of multidrug resistant (MDR) bacteria.10 This problem is exacerbated by another 

downside of current routine microbiological diagnostics techniques, namely the fact that they 
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cannot differentiate infection from sterile inflammation. Altogether, it can be concluded that there 

is an urgent need for the development of new antimicrobials with increased specificity for the 

causative pathogens at the site of infection, with fewer side effects and with a lower probability 

to elicit resistance. In addition, there is a need for faster diagnostic modalities that can distinguish 

infection from sterile inflammation.

As outlined above, aPDT is a clinically established alternative antimicrobial therapy, with no 

resistance reported so far. Ideally, since the ROS produced by the photosensitizer under irradiation 

may be toxic to all living cells, the photosensitizer should be coupled to a targeting agent to achieve 

a selective therapy. These targeting agents are usually monoclonal antibodies (mAb), antibiotics, 

peptides, bacteriophages, or nanoparticles.11 Importantly, when these molecules with high binding 

affinity for particular pathogenic microorganisms or classes of pathogens are conjugated with 

fluorophores, they may also be well-suited for the diagnosis of infectious diseases. Chapter 1 of this 

thesis presents a general introduction to the current challenges in the diagnosis and the treatment 

of bacterial infections. In addition, this chapter explains how particular targeting agents combined 

with appropriate fluorophores can be used to address these challenges.

Optical imaging of microbial infections, based on the detection of targeted fluorescent probes, 

offers high sensitivity and resolution combined with relatively simple and portable setups.12 Near 

infrared (NIR) fluorophores, such as the IRDye 800CW that was used for studies described in 

this thesis, are ideal for targeted imaging of infections, since NIR light is minimally absorbed by 

human tissues and enables the imaging of deeper target sites in the body.13–15 Chapter 2 presents a 

straightforward strategy for the conjugation of the fluorophores IRDye 800CW and IRDye 700DX to 

the glycopeptide antibiotic vancomycin, which is specific for Gram-positive bacteria. The resulting 

conjugates (Vanco-800CW and Vanco-700DX) were, thus, designed to address bacterial infections 

with optical imaging. In addition, Vanco-700DX can be applied for aPDT, because the IRDye 700DX is 

a potent photosensitizer. The described synthetic strategy outlines how the use of the right coupling 

agents leads to high yields (over 50 %) in the reaction between the secondary amine of vancomycin 

and IRDye-NHS esters. Moreover, it is shown how precipitation of the resulting compounds can be 

exploited as a convenient initial purification step to remove excess of the unconjugated targeting 

molecule once the reaction has ended. Importantly, the synthesized Vanco-800CW demonstrates 

high selectivity towards staphylococcal biofilms. Even though the binding affinity for Gram-positive 

bacteria is not compromised by labelling of vancomycin with the NIR compounds, the antimicrobial 

activity of this antibiotic is significantly reduced. From a microbiological viewpoint, this is beneficial, 

because it makes it less likely that repeated usage of the different conjugates will elicit resistance to 

vancomycin. The synthesized Vanco-700DX can be used as a so-called ‘theragnostic agent’ due to 

its NIR fluorescence and the ability to produce ROS upon red light irradiation.

The applicability of Vanco-700DX as an aPDT agent to treat Gram-positive bacterial infections 

was extensively evaluated in Chapter 3. As was demonstrated, Vanco-700DX specifically targets 

Staphylococcus aureus, Staphylococcus epidermidis and vancomycin-resistant Enterococcus faecium, 
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which allows killing of these bacteria upon photo-activation with red light. Moreover, red light-

activated Vanco-700DX acts as a ‘biofilm buster’ that cracks the protective shell of staphylococcal 

biofilms, allowing deep penetration of different antibiotics and close-to-complete eradication of 

the biofilm-resident bacteria. Using a cobalt-chrome disc biofilm model, it was shown that aPDT 

with Vanco-700DX inflicts major damage to methicillin-resistant S. aureus (MRSA) biofilms and 

eliminates the biofilm-resident bacteria. Furthermore, Vanco-700DX that was either bound to 

bacteria or unbound, was effectively internalized by macrophages. This was shown to allow the 

killing of macrophage-internalized MRSA upon red light activation, even without harming these 

important immune cells. Targeted aPDT with the small molecule Vanco-700DX may, thus, become 

a valuable tool for enhanced treatment of infections caused by MDR Gram-positive bacterial 

pathogens, including the much-dreaded biofilm-associated infections and MRSA.

The Gram-positive bacterium S. aureus effectively resists antimicrobial therapy through adaptation, 

mutation, the acquisition of resistance genes from other bacteria and biofilm formation. The 

resulting MDR S. aureus lineages, especially MRSA, are responsible for serious diseases, such as 

pneumonia, bone and joint infections, endocarditis and sepsis. Such resistant lineages can be found 

not only in hospitals, but also among healthy individuals in the community. It is therefore imperative 

to explore the development of innovative targeted therapeutic approaches against this pathogen 

that are less prone to raise drug resistance, such as aPDT. Chapter 4 presents the conjugation of 

a fully human mAb (named 1D9) with IRDye 700DX. Importantly, the mAb 1D9 is specific for the 

invariantly expressed immunodominant staphylococcal antigen A (IsaA) that is exposed on the 

bacterial cell wall surface.16–18 The potential application of a fluorescent 1D9 conjugate as a non-

invasive diagnostic tool for imageguided surgery and selective debridement of infected tissue 

was recently demonstrated in murine infection models.15,19–21 Likewise, in the present studies, the 

1D9-700DX immunoconjugate was characterized biochemically and in preclinical infection models. 

Targeted aPDT with 1D9-700DX was shown to be highly effective in killing high bacterial loads and in 

destroying the surface of S. aureus biofilms. Moreover, this immunoconjugate significantly improves 

the survival of MRSA-infected Galleria Mellonella upon red light irradiation. Furthermore, human 

skin does not impair the penetration of red light into the site of infection, as demonstrated in a 

post-mortem infection model. However, the efficacy of aPDT in the human body may be diminished 

by powerful antioxidants present in blood and tissues. For instance, the presented studies show 

that the efficacy of aPDT with 1D9-700DX towards MRSA is reduced in human plasma. To overcome 

these antioxidant activities, aPDT with 1D9-700DX was combined with the non-toxic enhancing 

agent potassium iodide (KI). In this case, KI reacts with the singlet oxygen (1O2) produced upon 

aPDT, resulting in the formation of free iodine, which is bactericidal. An additional advantage of the 

use of KI in combination with aPDT is that, to date, no microbial resistance against iodine has been 

reported. The finding that plasma can antagonize the bactericidal effects of aPDT prompted further 

experiments to explain the antioxidant activity of human plasma and to explore the application 

potential of the empowering agent KI. Chapter 5 reports that the antagonistic effect of the human 
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plasma can be attributed largely, if not completely, to human serum albumin (HSA). This finding is 

supported by the fact that HSA represents the largest pool of free thiols in plasma responsible for 

detoxifying ROS. Blocking of these free thiols with alkylating agents restored the efficacy of aPDT 

with 1D9-700DX. By adding KI to the aPDT equation, the targeted iodine formation significantly 

enhances the eradication of MRSA (more than 6-log reduction) without negatively affecting other 

non-targeted bacterial species or human cells. Furthermore, the addition of KI allows a drastic 

reduction of both the amount of the immunoconjugate 1D9-700DX and the irradiation time needed 

for effective elimination of MRSA by aPDT in the presence of HSA.

S. aureus has become one of the most successful bacterial pathogens due to its amazing ability to 

escape from the innate and adaptive mammalian immune defenses.22 The immunoglobulin (Ig)-

binding staphylococcal Protein A (Spa) plays an important role in the subversion of human immune 

defences by S. aureus, due to its interference with bacterial killing by activated complement and 

professional phagocytes.23–25 Chapter 6 presents the fully human mAb 7G2 belonging to the 

IgG1 class that specifically targets Spa. The results show that this mAb has great potential for the 

development of theragnostic agents. Firstly, it was demonstrated that 7G2 can serve as an effective 

targeting agent in optical fluorescence imaging tracers to specifically detect MRSA, in a planktonic 

state, in mono- and dual-species biofilms, and intracellularly. Furthermore, the efficiency of 7G2 as 

a tracer to detect S. aureus infections was also evaluated in an in vivo murine myositis model, in 

which the infection was caused by a genetically engineered bioluminescent S. aureus strain (Xen29). 

7G2 labelled with a NIR fluorescent dye was administered intravenously (IV) and, after 4 days, it 

specifically highlighted the site of S. aureus infection. Since Spa will bind human IgG1 molecules, 

irrespective of their target specificity, it was also important to verify whether the binding of 7G2 

might be affected by the regular binding of Ig’s by Spa. Thus, competition experiments with another 

mAb of the IgG1 class, namely the 1D9 described in Chapters 4 and 5, were performed. Importantly, 

this demonstrated that 7G2 is not outcompeted by 1D9. Since Spa is an important virulence factor of 

S. aureus, the ability of 7G2 to neutralize Spa and break down the protection towards S. aureus from 

the human immune system, was investigated. Indeed, this mAb was shown to enhance the S. aureus 

association with neutrophils and complement-mediated bacterial killing. Lastly, the applicability of 

7G2 as a theragnostic agent was validated through its conjugation to the IRDye 700DX. The photo-

activated 7G2-700DX immunoconjugate targets and completely eradicates S. aureus embedded in 

a biofilm. Altogether, Chapters 4, 5 and 6 show that targeted aPDT with bacteria-specific photo-

activatable immunoconjugates represents an enticing solution for the antimicrobial therapy of MDR 

infections. To complement the portfolio of targeting conjugates for aPDT of bacterial infections as 

presented in this thesis, Chapter 7 describes a cell binding domain (CBD), derived from a S. aureus 

phage endolysin, which was conjugated with the IRDye 700DX. Phage endolysins are produced 

during the lytic cycle of a phage to break the osmo-protection provided by the peptidoglycan in the 

bacterial cell wall and, thereby, to lyse the bacterial cell.26 Remarkably, these hydrolases can also be 

applied exogenously as antimicrobials with a lowered chance of eliciting resistance when compared 
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to complete bacteriophages.27–29 Staphylococcal endolysins usually present two catalytic domains 

for enzymatic activity and one CBD responsible for high specificity to the respective Staphylococcus 

species. Importantly, CBDs normally display higher binding affinity than antibodies and they are less 

affected by environmental changes, which makes them good candidates to deliver photosensitizers 

to specific bacterial pathogens.30,31 Even at low concentrations, the resulting CBD3-700DX targets 

and kills high loads of S. aureus and S. epidermidis upon photo-activation. Since S. epidermidis is 

one of the most common causes of infection of indwelling medical devices, due to its strong ability 

to form biofilms and colonize biomaterials32, the ability of CBD3-700DX to destroy biofilms formed 

by this pathogen was evaluated. Indeed, red light-activated CBD3-700DX destroys the upper layers 

of a S. epidermidis biofilm and therefore exposes the biofilm to antibiotic therapies and to the 

host immune system. An important finding presented in Chapter 7 was the ability of CBD3-700DX 

to be internalized by mammalian cells, to capture S. aureus, and to kill it inside host cells upon 

photo-activation. Even though after treatment some photo-cytotoxicity was observed towards 

the infected HeLa cells, this collateral damage may actually be advantageous for fully clearing 

persistent intracellular bacteria, since they will become exposed to the host’s innate and adaptive 

immune defences and to any coadministered antibiotics. Thus, the studies reported in Chapter 7 

provide proof-of-principle that CBDs can be applied to build effective targeting agents for aPDT that 

eliminate biofilm-embedded and intracellular MDR bacterial pathogens.

Future perspectives

Diagnosis of infections
The diagnosis and treatment of infections are closely connected, since a fast and accurate diagnosis 

is needed to provide the most effective treatment. Bacteria-targeted fluorescence imaging could 

fulfil this need14,15, even though it also comes with challenges. In particular, the tissue penetration of 

even the NIR light is limited to approximately one centimetre, which interferes with the detection of 

deepseated infections. Optoacoustic imaging may, to some extent, overcome this hurdle, because 

it enables a deeper tissue penetration up to several centimetres.33 This technique relies on the 

absorption of light by chromophores, followed by their non-radiative decay to the ground state 

through release of energy to the environment in the form of heat. This local heating leads to thermo-

elastic expansion which emits detectable ultrasound waves.34 To image infections throughout the 

human body, argeted positron emission tomography (PET) may be applied.20 Additional advantages 

of the latter approach are that the respective tracers can be applied in low doses and that the 

necessary radionuclides are very short-lived, decaying within several hours.

Most of the tracers explored for optical imaging of infections will target only one microbial species, 

or a group of species. Consequently, the application of cocktails composed of several tracers 

specific for different microorganisms would yield more detailed insights into the causative agent(s) 
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of infection. Chapters 2 to 5 of this PhD thesis describe two different targeting agents, i.e. the 

antibiotic vancomycin and the mAb 1D9, which target, respectively, either all Gram-positive bacteria 

or only S. aureus. A combination of these two targeting agents, each labelled with a distinctive 

fluorophore, would allow to determine whether an infection is caused by Gram-positive bacteria 

and, if so, whether S. aureus is present. Likewise, this question could be addressed by labelling 

vancomycin and the mAb 7G2 described in Chapter 6 with different fluorophores, or by labelling 

the CBD3 described in Chapter 7 and the mAbs 1D9 or 7G2 with different fluorophores. Another 

innovative diagnostic approach would relate to the use of multimodality imaging tracers, which 

emit both a fluorescent signal and another signal based on radionuclides or magnetic resonance 

imaging contrast agents. This concept is exemplified in a recent study by Zoller et al, which involved 

the promising application of multimodal non-invasive PET-CT and fluorescence imaging to diagnose 

S. aureus implant infection in vivo. Importantly, this approach was also shown to facilitate the 

intraoperative image-guided debridement of infected tissue based on the fluorescently labelled 

bacteria. In this case, the mAb 1D9 was duallabelled with the fluorescent NIR680 dye and the 

radionuclide 89-zirconium.20 The study by Zoller et al, thus, highlights the great promise of (immuno-)

PET imaging of bacterial infections with the help of highly sensitive PET tracers and fluorescent dyes 

that are combined with specific bacteria-targeting molecules, such as mAbs.

Treatment of infections
In PDT, the clinically approved photosensitizing agents belong either to the first or second 

generation of photosensitizers. Due to the lack of specificity for cancer tissue and to low wavelength 

absorption bands of the first generation photosensitizers, the second generation became clinically 

more advantageous and accepted. Second generation photosensitizers have high absorption bands 

lying in the red/NIR part of the electromagnetic spectrum, which allows deeper penetration of the 

light into the tissues. In addition, this class of photosensitizers presents better pharmacokinetic 

properties, is less toxic and shows higher 1O2 production yields. However, the second generation 

photosensitizers also present some critical issues, such as poor water-solubility, low body clearance 

rates and susceptibility to photo-bleaching.2 To overcome these drawbacks, the third generation 

of photosensitizers started to be developed. These compounds are generally based on second 

generation photosensitizers conjugated to biological or semi-synthetic molecules specific to the 

target site, including antibiotics, monosaccharides, polymeric nanoparticles, monoclonal antibodies, 

or nonantibody-based protein carriers35 (Chapters 2 - 7). The potential value of this approach is 

underscored by the fact that NIR photoimmunotherapy with the silicon-phthalocyanine IRDye 

700DX conjugated to a mAb specific for the epidermal growth factor receptor (i.e. ASP-1929) is 

currently evaluated in a phase III clinical trial for the treatment of patients with inoperable head and 

neck cancers.36 In Japan, ASP-1929 was already approved for clinical use in 2020.37 The use of IRDye 

700DX coupled to antibodies is also being explored pre-clinically for the PDT of other diseases, such 

as prostate cancer38 and bacterial infections (Chapters 4 - 6).39 While superficial planktonic or biofilm-



210

Chapter 8

associated microbial infections can be treated by topical administration of the photosensitizer, the 

aPDT of deep-seated infections will require systemic administration via the IV or oral routes. In the 

latter case, targeted delivery of the photosensitizer is important to ensure accumulation of the 

photosensitizer at the site of infection. In addition, targeted aPDT approaches massively reduce the 

potential side effects towards healthy uninfected neighbouring tissues (Chapters 3, 4, 5 and 7).39 

In such settings, the choice of an appropriate light-emitting device is critical, to enable maximal 

light exposure of the aPDT agent in the infected tissue. This challenge can be met using optical 

fibres coupled to bronchoscopes or endoscopes, in order to address pulmonary or gastrointestinal 

infections. Importantly, for the usage of IRDye 700DX-based aPDT agents, the optical fibres should 

allow the emission of light in the red/NIR region of the visible light spectrum (650–780 nm) for 

optimal tissue penetration and photosensitizer activation.40

Up to 80% of all bacterial and fungal infections in humans are associated with biofilms.41 These 

matrixembedded microbial communities protect the resident microorganisms against the attacks 

by human host defences and antimicrobial therapies. Moreover, the viscous biofilm matrix creates a 

barrier that limits not only the diffusion of drugs, but also that of nutrients and oxygen.42 Consequently, 

the microbial cells present in the deeper layers of the biofilms will change their physiology to a state 

of near-dormancy, which makes them more resistant to antibiotics.43 It is therefore not surprising 

that aPDT displays also a lower bactericidal efficacy against microorganisms growing in biofilms and, 

upon treatment, microbial regrowth is commonly observed within 24 hours. Thus, it seems that 

especially combinational therapies that make use of the evident advantages of aPDT in addressing 

resistant microorganisms and of the routinely used antibiotics are ideal to overcome these 

problems (Chapter 3). Hard-to-eradicate biofilms are frequently encountered on implanted medical 

devices. One of the most serious hospital-acquired infections, associated with biofilm formation, is 

ventilator associated pneumonia (VAP) in intubated patients. VAP is associated with high mortality 

rates (~50%) and may originate from microbial biofilms at the inner surface of the endotracheal 

tubes that are used. aPDT components can easily access the endotracheal tube by administering 

the photosensitizer and insertion of an optical fibre via an access port, as it is routinely done for the 

suction of mucus from the inside of these tubes.44 Furthermore, implants are commonly used in 

orthopaedic surgery to replace joints subjected to high levels of mechanical stress and fatigue, or 

to fix broken bones. However, there is an associated risk of microbial infection, especially in case of 

open bone fractures. Periprosthetic joint infections (PJIs) have a relatively low incidence, but they 

result in high morbidity rates and represent an economical burden to the healthcare system. The 

most common treatment relies on removal of the implant, long-term antimicrobial therapy and an 

eventual re-implantation.45 PJI is normally associated with the formation of biofilms on the implant 

surface, which leads to the failure of regular antimicrobial treatments. aPDT, combined with others 

antimicrobial therapies, can be applied during surgery to disrupt the biofilm formed on the implant 

and disinfect the surrounding soft tissues and bone (Chapter 3). This will therefore reduce the 

need of debridement and consequently the morbidity associated to it, as well as the reinfection 
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rates. Another biofilm-associated disease is infective endocarditis (IE). In the case of IE, biofilms 

develop on heart valves or implanted cardiac devices.46 IE is one of today’s most severe infections, 

accounting for 100% mortality if left untreated, and ~25% if not adequately treated.47 Therefore, 

it is critical to improve the current diagnosis and treatment strategies for IE. This challenge can 

potentially be met by IV administration of a photosensitizer and subsequent local photo-activation 

with the help of an optical fibre. This would allow a ‘decontamination’ of the heart valves, allowing 

empowerment of the standard antibiotic therapies.

Lastly, non-targeted aPDT has also shown promising results in the inactivation of viruses, such as the 

coronaviruses.48 This implies that aPDT can also be applied in anti-viral disinfection or therapeutic 

approaches. For instance, photosensitizers can be easily immobilized on insoluble inert materials49, 

which suggests that the resulting materials could perhaps be applied to inactivate viruses in 

wastewater or in the production of textiles with anti-viral properties. This would be highly relevant 

in light of the current pandemic caused by the Coronavirus disease 2019 (Covid-19), which is a 

highly contagious respiratory disease. Materials allowing viral inactivation based on the principles 

of aPDT could, thus, serve to reduce the person-to-person spread of the causative SARS-CoV-2 virus, 

or to reduce infections caused by contact with infected objects and surfaces.50 Also, the presence 

of SARSCoV-2 has been detected in the wastewater of places with high infection rates, where the 

current water disinfection approaches (chlorine, ozone) can lead to the formation of toxic products. 

Conceivably, aPDT could be a potentially advantageous approach to minimize the SARS-CoV-2 loads 

of contaminated wastewater without the generation of toxic byproducts.51

Conclusion

Altogether, this thesis describes the development and testing of different approaches that may bring 

us several steps closer to winning the struggle against antimicrobial resistance. These approaches 

revolve around a portfolio of novel conjugates for targeted aPDT. The results show that targeted 

aPDT offers several great advantages. In the first place, it is highly effective in killing particular 

microorganisms with a low probability of eliciting of resistance. Secondly, it has minimal side effects 

towards host tissues and other non-targeted microorganisms. Thirdly, the novel bacteria-targeted 

conjugates for aPDT described in this PhD thesis are capable of destroying biofilms and intracellular 

bacteria. Moreover, all these molecules can not only be applied as therapeutic agents, but also to 

diagnose infections prior to treatment. Hence, they should be regarded as theragnostic agents, 

which are the drugs of the future. The usage of such theragnostics will tremendously shorten the 

time between the diagnosis and treatment of diseases, leading to better clinical outcomes. The 

clinical potential of bacteria-targeted fluorescent theragnostics as described in this thesis will be 

even further enhanced when combined with short-lived positron-emitting radionuclides that can 

be used for PET imaging. This will greatly enhance the detection and treatment of deep-seated 
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infections and, if needed, facilitate the surgical debridement of infected tissues. The next challenge 

in this research will be to translate the developed molecules and targeted aPDT approaches into the 

appropriate clinical settings and, especially, to define which combinations of targeting molecules 

and photosensitizers will be best-suited for the prevention and treatment of particular infectious 

diseases.
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