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Abstract: Recently, there has been a significant outbreak of clinical pneumonia caused by the Hu-

man Metapneumovirus, particularly in Northern regions of the People’s Republic of China, causing 

thousands of hospitalisation cases. Such an outbreak has grown fresh concerns with regards to a 

potential spread of the novel infectious disease to several other world countries and causation of 

public health-related difficulties that may be similar in nature with the effects of the SARS-CoV-2-

induced COVID-19 pandemic, which occurred from March 2020 to March 2022 before the disease 

finally became endemic in nature. Throughout the COVID-19 pandemic, a novel immunological 

research narrative was developed, in which a wider inclusion of natural immunity-based elements 

was recommended as part of an update in general approaches contained by immunotherapeutic 

and vaccine-related clinical research. Particularly, it has been suggested that a fairly decreased con-

centration of Type I and Type III elements from the host interferon system be placed in the central 

area of the natural immunity-based immunisation and immunisation adjuvance. Several clinical tri-

als have confirmed the important position of such interferon system elements in the natural immun-

ity department responsible for immunising functions. Given the fact that major components of the 

natural immune system have recently shown to display considerable adaptive immunity-like traits, 

such as specificity and long-term “memory”, natural immunity-based vaccination may now be 

deemed as scientifically plausible, contrary to initial scientific projections that they can only consti-

tute vaccine adjuvants. Approaches as such may include a low dose of Type I and Type III Inter-

feron-, and perhaps protollin-based treatment of nasopharyngeal tissues, as well as of natural and 

adaptive lymphocytes, and of plasmacytoid dendritic cells also, which represent both factories for 

Type I and Type III Interferons, as well as valid immune system-based vaccine candidates against 

infectious and oncological diseases, alongside natural and adaptive lymphocytes. Such components 

of the immune system may be utilised in combination to confer the most effective version of such 

an overall candidate of a clinical response. Other vaccine candidates may involve live-attenuated 

viral genomes either lacking the interferon-suppressive genes or containing them as the only slightly 

active genetic regions, with the overall purpose of stimulating an evolutionary push of the inter-

feron-encoding genes to outcompete the already advanced stages of microbial evolution, whose 

stronghold seems to be largely upon the host interferon system. Other approaches may also involve 

the development of live-attenuated pathogen-derived vaccines that have Interferon I and III-encod-

ing genes inserted into the viral genome as its sole active genetic components. There may be a novel, 

experimental process involving the isolation of common cold-inducing viruses, such as Rhinoviral 

agents, during the beginning of local, seasonal outbreaks and perhaps inducing their weakening as 

well, in clinical laboratories that are located in multiple distinct geographical areas of the hemi-

sphere where the fall season has begun, prior to the performance of a small-scale gene editing 

through the insertion Type I and Type III Interferon-encoding genes into the genome of such vi-

ruses, prior to their release back into the local environment. Such a process may turn such viruses 

into vaccines, as the immune system would automatically be activated once viruses as such undergo 

receptor-mediated endocytosis and start expressing their genes. If such a procedure is performed 

accurately and matches all bioethical guidelines, then at least only common cold diseases in the 

upper respiratory tract, including the Rhinovirus-induced disease, may be prevented in many cases 

and probably even gradually become eradicated in the end, given the fact that an automatic synthe-

sis of Type I and Type III Interferons by pathogenic microbes could lead to a robust and proportional 

rate of immune sensitisation that would lead to their lysis and disposal, making it probable that 
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even microbes that are normally causative of major clinical disease would be destroyed before they 

would be able to induce the first symptoms. 
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Introduction 

The human metapneumovirus, which is abbreviated as hMPV, constitutes a member of the 

Pneumoviridae family and the Metapneumovirus genus, and represents an enveloped, negative-

sense, single-stranded RNA-based virus that causes lower respiratory tract clinical illness, particu-

larly in children aged 0-5, and the fact that the immune systems of young children may not have been 

exposed to many related microbial agents could explain such a phenomenon. Despite the develop-

ment of fresh fears with regards to a possible repetition of a pandemic scenario, the case-fatality ratio 

of hMPV-induced infectious disease is visibly lower than the one of COVID-19, making it less likely 

that the disease will become a deadly pandemic. Furthermore, unlike SARS-CoV-2, which represents 

a novel viral species, HMPV existed for several years beforehand, as it was only a novel viral variant 

that started spreading more aggressively in the North of the People’s Republic of China. Nonetheless, 

the clinical symptoms of the disease are similar in nature, the lethality rate of the infectious disease 

remains high within hospital settings of Intensive Care (ICU), with average estimates of 22% (Choi S. 

H. et al., 2019). Moreover, the hMPV viral agent also has a slightly higher rate of human-to-human 

transmission than the H1N1 Influenza A virus (R0: 1.1-1.4), which does urge public health authorities 

to locally re-develop insignificant measures to help adults and children alike prevent the spread of 

the disease, through the wearing of face coverings, recommendation of people in affected geograph-

ical settings to practice social distancing and for clinical patients to stay at home until their recovery 

(Hacker K. et al., 2022). Scientific researchers may already be in the process of obtaining the genomic 

data of the virus and starting vaccine-based innovations, as it is likely that humanity has significantly 

learned her lessons from the SARS-CoV-2-induced COVID-19 pandemic, when only a few months 

were required from the viral disease to turn from a local outbreak-based epidemic into a pandemic. 

At the same time, it is important for all sides of genuine research efforts to be equally taken into 

consideration during the process of scientific investigation and clinical innovation, given the fact that 

novel, major discoveries occurred regarding the resolution of functional immunity in both innate and 

adaptive immune departments. It seems that the problem which enables novel infectious viruses to 

cause significant clinical illness is centred around gaps in the bridging between innate and adaptive 

immune pathways, which increasingly encourage immunological researchers to build a broader and 

firmer bridge of signalling between first-line and third-line immune elements. Such a scenario in-

volves major improvements in both the timing and the methodology contained by such signal-based 

immune bridging and could be accurately described through a novel concept named “United Im-

mune System”. 

The fact that children aged 0-5 are primarily affected by the viral disease may further indicate 

that novel viruses and viral variants have specifically adapted to evade first-line immune signals, 

given that children seem to have sensitivity levels of interferon-based response that are above the 

average within the human population. The fact that such a viral variant emerged after the Omicron 

variants of SARS-CoV-2, which are also particularly adapted to the interferon system, may expose an 

evolutionary pattern within viral adaptations, as the majority of viral agents first hijack the host in-

terferon system - both directly and indirectly - before it attacks the central, adaptive areas of the host 

immune system. On the other hand, adult patients with one or more underlying health conditions 

are also at risk of developing significant clinical illness due to the fact that their interferon system 

may not be as competent as the one of young adults with no significant comorbidities. Overall, de-

creased restrictions against a distribution of the viral load to neighbouring tissues and organs is often 

a major factor of the viral spread from the upper to the lower respiratory tract, which in turn leads to 

the infection and inflammation of the bronchioles and alveoli, or in short, to the development of viral 

pneumonia. Such a viral spread may often also be a factor for the development of secondary infec-

tions in similar areas of the respiratory system due to the fact that the host immune system is already 
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weakened by the generalised infective event. Likewise, it may now be deemed as substantially nec-

essary for clinical researchers to shift gears in immunological and vaccine-based scientific investiga-

tions, perhaps by including such elements of the natural immune system more widely than before. 

In scientific progress, it is not a particular successful event that defines breakthrough, but exposure 

to the need of change, which ultimately defines such progressive trajectories observed throughout 

the history of scientific research. It may be that the initial discovery of vaccines that stimulate the 

development of adaptive immunity represents an initial gear of an overall journey of immunostimu-

latory, immunomodulatory and immunising processes that overall keep mankind in an evolutionary 

spot higher than pathogenic microbial agents. 

Discussion 

Despite the fact that adaptive immunity represents the central sector of all immunity, it is the 

first-line, natural immune system that ultimately plays the foundational role of an adequate overall 

immune response; one that is relevant to the abilities of each microbial agent to hijack rates of immune 

recognition. Such phenomena have only recently been thoroughly investigated, due to the fact that 

adaptive immunity-based vaccines have shown to be highly successful throughout the past centuries, 

having saved hundreds of millions of human and animal lives worldwide, and that it was subse-

quently not needed for scientists to investigate the clinical context in a more profound manner. It was 

only in the recent decades that scientists were required to perform further research, as novel patho-

genic agents were shown to cause clinical disease with high rates of consequences, in spite of such 

previous efforts. In other words, a missing “puzzle piece” was eventually observed, one that involves 

first-line immune signalling, despite the fact that such traditional vaccines have brought considerable 

positive effects upon natural immunity as well. Such a missing “piece” has become more evident 

with the occurrence of the SARS-CoV-2-induced COVID-19 pandemic, as the disease affected the 

general population far more than other recent epidemic and pandemic diseases that include the HIV-

1-induced AIDS pandemic. Albeit, influential public health authorities did start suggesting a low 

dosage of Type I Interferon-based clinical approaches to prevent and/or treat AIDS in its very early 

stages. Likewise, there has already been an existing level of awareness regarding a potential update 

in vaccinology, perhaps to a level proportional to the current stages of microbial evolution, and the 

recent COVID-19 pandemic only increased such levels of awareness in a rather exponential manner. 

The facts that plasmacytoid dendritic cells, which are regarded as major factories of Type I and Type 

III Interferon glycoproteins, constitute major factors of immune system-based vaccination and that 

the natural and adaptive immune systems actually display a major intertwine of specificity and 

“memory”-like traits, may imply the possibility that such interferon glycoproteins also constitute im-

portant factors of immune system-based vaccination against oncological diseases and, implicitly, of 

several infectious diseases induced by polymorphic microbes (Paunescu V., 2011). Such applications 

may bring considerable prophylactic and early therapeutic effects against diseases like COVID-19, 

AIDS and perhaps also human metapneumovirus-induced pneumonia. 

The context of the overall evolutionary battle between human and animal immune systems, and 

polymorphic microbial agents may prove to be more complex in nature than previously estimated. 

The process of microbial evolution comprises three methodologies in which pathogenic agents use 

the immune system to their advantage: the molecular self-camouflaging of the microbial genome, via 

the double capping of the 5’ end of their genome through the catalysis of methyltransferase enzymes 

formed by the assembly of a few non-structural proteins encoded by the microbial genome, which 

prevents the cellular recognition of both Pathogen-Associated Molecular Patterns (PAMPs) and Dam-

age-Associated Molecular Patterns (DAMPs), which in turn leads to the prevention of the activation 

of the signalling transduction responsible for the activation of Type I and Type III Interferon-Encod-

ing Genes (INGs); the active hijacking of the host, first-line immunity, via targeting transcription fac-

tors responsible for the activation of INGs, cleaving of mRNA that encodes Type I and Type III Inter-

ferons, targeting various components of the signalling transduction that is overall responsible for the 

activation of important Interferon-Stimulated Genes (ISGs), cleaving of the mRNA product of ISGs 

and lysis of ISG-encoded cytokine proteins, and the facilitation of the spread of both the microbial 

load and their protein products that support their process of immune evasion through inter-cellular 

channeling nanotubes. Throughout such an overall process, numerous infectious pathogens main-

tained a threshold level of adaptation via single-nucleotide polymorphisms that were proportional 

to the rate of immune adaptation to the pathogenic agent in cause. Likewise, despite the fact that 
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major solutions against many infectious diseases as such may already exist, humanity may have 

reached a state of evolutionary context in which an update in prophylactic and early therapeutic-

based immunotherapeutics and vaccinology is needed for both humans and animals to evolutionarily 

outcompete pathogenic agents with complex levels of displayed genetic polymorphism (Carp T., 

Metoudi M. and Ojha V., 2024). There are several existing methods of prophylaxis and early therapy 

that display at least some degree of counteraction against such evolutionary strategies of polymor-

phic microbes that include several types of minerals, as well as fairly decreased dosages of zinc ion-

ophores and anti-inflammatory agents, which play a role in the facilitation of the ion channel-medi-

ated endocytosis of Zinc and limit excessive rates of pro-inflammatory immune mechanisms respec-

tively (Carp T., 2024). Nonetheless, it is likely necessary for further and more extensive methods of 

natural immunity-stimulating approaches to be developed, which may be utilised in combination 

with such existing approaches of clinical response, in order to thoroughly support the development 

of an adequate evolutionary trajectory of the immune system; one that leads to the production of an 

effect of domination against polymorphic microbes. 

It is well-known that the interferon system comprises major components of the cytokine system, 

which is contained by the innate immune system. Nonetheless, given the fact that an adequate syn-

thesis of Type I and Type III Interferons is substantially responsible for the adequate synthesis of 

Type II Interferons by natural lymphocytes, it may be that Type I and Type III Interferons have major 

characteristics of pre-cytokine components, comprising the utmost foundational level of innate im-

munity and of the overall immune system. Such an aspect may explain the phenomenon in which 

human recombinant Type II Interferons, whilst bringing valid immunotherapeutic effects, they do 

bring a higher incidence of induced proinflammatory immune responses, compared to Type I and 

Type III Interferons, which modulates immune responses after they produce them in a more record 

amount of time. Nonetheless, it has been suggested that Natural Killer Cells, which are known as 

major factories of gamma-interferons, constitute a potential natural immunity-based vaccine candi-

date against COVID-19, which could further increase hopes that natural immunity-based vaccination 

is actually possible; not solely against COVID-19, but against several other infectious diseases in-

duced by polymorphic microbes, as well as against various oncological diseases (Bossche G. V., 2017). 

In a nutshell, it may be more accurate to state that Type I and Type III Interferons represent part of 

first-line, innate immunity, whilst Type II Interferons represent part of second-line, innate immunity. 

Such an overall point of observation may indicate the fact that revolutionary immunostimulatory and 

immunomodulatory effects in the human and animal organisms may lead to results as far as the long-

term slight increase of the average lifespan, due to the fact that a significantly lower extent of clinical 

disease would ultimately occur following exposure to various microbial agents, resulting in the met-

abolic system not to be exposed to more straining levels of activity - for example via excessive rates 

of oxidative stress - as frequently as before, which in turn could slightly decrease average rates of 

cellular and tissue-related aging. It may be more plausible for such effects to occur in the long run if 

there is a joint immunostimulatory and immunomodulatory approach, that perhaps would also in-

clude adaptive immunity-based and also specific live-attenuated microbial agent-derived vaccine 

candidates in more complex epidemiological contexts. Other approaches may involve a small-scale 

gene editing of live-attenuated pathogenic genomes, through the insertion of Type I and Type III 

Interferon-encoding genes into the pathogenic genome, during the process of live-attenuated patho-

gen-derived vaccine development. Furthermore, there may be a novel, experimental method in which 

circulating, relatively weak viruses like the Rhinovirus, would be isolated into a laboratory setting 

during the initial stages of a local outbreak of the seasonal flu - preferably at the beginning of the 

autumn season, when there may be a considerable opportunity for Type I and Type III Interferon-

encoding genes to be distributed through natural viral replication - and perhaps have its pathogenic-

ity decreased, before undergoing small-scale gene editing through the insertion of such Type I and 

Type III Interferon glycoprotein-encoding genes (INGs), before it is released back into the local envi-

ronment. The implications of such a procedure would involve an automatic signalling to the immune 

system that a fault with an environmental origin is present at the cellular level, leading to the lysis 

and disposal of the virus as soon as it undergoes receptor-mediated endocytosis into the first host 

cells and begins the process of viral gene expression. In other words, there may be a small, but sim-

ultaneously considerable window of opportunity for viruses to be turned into vaccines without the 

need of the utilisation of nasal or pharyngeal sprays; let alone traditional “needle” intervention. 
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Such a hypothesised process of vaccine development through a laboratory-based viral isolation, 

loss-of-function based viral research through induced viral gene editing, prior to the release of the 

implicated virus back into the environment may be feasible and even bring an unprecedented posi-

tive change in the ongoing evolutionary struggle between human immunity and microbial self-cam-

ouflaging abilities due to the fact that such genetically-edited viruses would start producing Type I 

and Type III Interferons as soon as they entered cells, leading to their robust exocytosis and paracrine 

signalling to IFNAR1/IFNAR2 and IFNLR1/IL10R2 receptor complexes, and subsequently, to a rapid, 

early interferon-based immune sensitisation. Such a phenomenon may eliminate at least most of the 

time required by such viruses to undergo direct and indirect methods of molecular self-camouflag-

ing, and even viruses deemed as highly concerning may be included in such a list as well. Interest-

ingly, such a novel clinical procedure would possibly reflect the Christian model of “God died and 

trampled upon death.” Another positive aspect of such a procedure would be the fact that it is acces-

sible for a high number of scientific researchers, given that the process of viral gene editing may 

currently be easily performed, without significant financial expenditure required either. It is im-

portant to mention that all bioethical guidelines and the “First, do no harm” principle of medicine 

must be respected to the letter in any experimental research procedure. Likewise, it may be essential 

to clinically evaluate such a method “in small steps” and involving molecular agents that are not 

deemed as public health hazards at least in the first steps of such research procedures. The key aspect 

of such a potential update in vaccine-based and immunotherapeutic approaches would be to induce 

an evolutionary shift that would involve faster rates of Type I and Type III Interferon-based signal-

ling; ones that are promptly mounted once the first viral agent enters each host cell. The higher the 

delays of such interferon-based immune activation, the higher the discrepancies developed within 

the cytokine system and the higher the immune disruptions will overall be. There may be an existing 

relationship of proportion between the pre-symptomatic stage of an illness caused by a polymorphic 

virus and the probability that the induced clinical disease will significantly impact the health state of 

the patient due to the fact that the lower the rates of restriction against the viral load distribution 

makes the immune system more prone to become “overwhelmed” when it finally becomes activated, 

due to the need to rapidly produce a high quantity of Type I and Type III Interferons and also because 

such high concentrations of interferon glycoproteins will likely result in the development of excessive 

rates of pro-inflammatory cytokine-based immune responses. The majority of complementary, early 

therapeutic approaches aid in a faster and more proportional development of innate immune signals 

following cellular exposure to the pathogenic agent. Likewise, the key word in the present clinical 

context may be “timing”. 

According to recent scientific evidence, the human metapneumovirus is among the viral agents 

that cause signals of natural immunity to be poorer than the threshold level of response, and it may 

be that this phenomenon leads to the production of a domino effect of decreased quality of an overall 

immune response, as the production of cytokine is affected, causing natural lymphocytes not to be 

recruited in a significant manner, the levels of gamma-interferon synthesis to be deficient and conse-

quently, adaptive lymphocytes not to undergo an effective level of polarisation, which is crucially 

required for an overall qualitative immune response to occur (J. A. Soto et al., 2018). Moreover, the 

recent HIV-1-induced AIDS pandemic involved a direct infection and lysis of both helper CD4+ and 

cytotoxic CD8+ T-Lymphocytes, and they had their interferon system hijacked in the first stages of 

their infection as well. Likewise, clinicians may suggest a treatment of such adaptive lymphocytes 

with a low dosage of Type I and Type III Interferons, perhaps alongside a low dose of protollin, which 

confers similar interferon-sensitising effects and which is known to represent an immune system-

based vaccine candidate against Alzheimer’s Disease (Frenkel D. et al., 2005). A similar application 

may be deemed as successful for the Retinitis Pigmentosa proteinopathy, which involves a progres-

sive loss of vision to the point of patients reaching a state of complete, clinical blindness, usually by 

their mid-ages (Carp T., 2024). Such a context may not have been more relevant than in today’s situ-

ation of unprecedented lack of certainty and even security with regards to potential public health 

threats in the near future. Perhaps there is also a unique opportunity for clinical researchers to im-

plement various models of Artificial Intelligence to increase the accuracy and speed of projecting 

specific single-nucleotide polymorphic mutations in specific microbial agents, as well as of the pro-

jection of prophylactic and early therapeutic approaches against such induced infectious diseases 

(Carp T., 2024). The ideal rates of IFN I and III-based activation in both temporal and quantitative 

planes bring a balanced ratio between pro-inflammatory and anti-inflammatory cytokines, which is 
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a result of an adequate expression rate of Interferon-Stimulated Genes (ISGs). Such a balance is highly 

responsible for the adequate recruitment and polarisation of adaptive lymphocytes, which in turn 

rapidly decrease the viral load and prevents the immune system from building responses that may 

be too straining for the host tissues and organs. 

Conclusion 

The continuous emergence of novel epidemic outbreaks in various parts of the world should not 

concern humankind as much as stimulate clinical researchers worldwide to innovate revolutionary 

approaches in immunological therapy and possibly in vaccine-based research and innovation. With 

recent local outbreaks of Monkeypox, Marburg, Avian Influenza and now Human Metapneu-

movirus, it has become increasingly clear that the principal target of polymorphic viruses is the host 

interferon system, and particularly Type I and Type III Interferon glycoprotein-encoding genes 

(INGs), which are often silenced in direct and indirect ways, ultimately resulting in the development 

of an overall phenomenon of “immune confusion”. It may be that the primary solution to the evolu-

tionary dilemma of both direct and indirect methods of microbial self-camouflaging implicates the 

development of a broader and firmer bridge between first-line and third-line immune activation, ac-

cording to the novel “United Immune System” concept, which in turn would decrease the extent of 

time between such two immune activation events. As a result, it may be that the shorter the duration 

of the pre-symptomatic stage of the infectious disease, the more statistically probable it is for the 

immune system to successfully lyse and dispose of the pathogen without undergoing significant 

complications. Apprehending the evolutionary abilities of numerous microbial agents to profoundly 

hijack the host immune system may aid in the innovation of proportional public health and medical 

solutions. Based on the current pattern of public health events worldwide, it may be important to 

precautionary build a scientific hypothesis in which the emergence of a new, life-threatening pan-

demic illness may occur as soon as the year 2035, particularly if there is no significant update in 

immunological prophylaxis and therapeutic pathways. Change represents a key term in the entirety 

of the evolutionary process, and progress may only occur if specific gears are eventually changed 

into a more evolved version. Likewise, scientific updates and progress are as real as the theory of 

evolution, and this certainly includes the domains of human and animal immunology and vaccinol-

ogy. The burdens that mankind bore during the SARS-CoV-2-induced COVID-19 pandemic places a 

major pressure onto scientific researchers to innovate novel methods of immunotherapy and possibly 

vaccination to at least attenuate the burden of following public health crises. An overall update of 

immunotherapy and vaccinology may lead to a Golden Age of human and animal health and overall 

quality of life if performed in thorough accordance with all principles of qualitative scientific and 

clinical research, as well as to biological and medical ethics. 

References 

1. Miller, R. J., & Mousa, J. J. (2023). Structural basis for respiratory syncytial virus and human 

metapneumovirus neutralization. Current opinion in virology, 61, 101337. 

https://doi.org/10.1016/j.coviro.2023.101337 

2. Kahn J. S. (2006). Epidemiology of human metapneumovirus. Clinical microbiology reviews, 19(3), 546–

557. https://doi.org/10.1128/CMR.00014-06 

3. Choi, S. H., Hong, S. B., Huh, J. W., Jung, J., Kim, M. J., Chong, Y. P., Kim, S. H., Sung, H., Koo, H. J., Do, K. 

H., Lee, S. O., Lim, C. M., Kim, Y. S., Woo, J. H., & Koh, Y. (2019). Outcomes of severe human 

metapneumovirus-associated community-acquired pneumonia in adults. Journal of clinical virology : the 

official publication of the Pan American Society for Clinical Virology, 117, 1–4. 

https://doi.org/10.1016/j.jcv.2019.05.007 

4. Shehu, M. T., Pascual, A., Kapinos, P., & El Khoury, M. Y. (2024). Mortality and Morbidity of Human 

Metapneumovirus Infection in the Pre-COVID-19 Era: The Value of the Charlson Comorbidity Index on 

Outcome Prediction. Cureus, 16(1), e52321. https://doi.org/10.7759/cureus.52321 

5. Hacker, K., Kuan, G., Vydiswaran, N., Chowell-Puente, G., Patel, M., Sanchez, N., Lopez, R., Ojeda, S., 

Lopez, B., Mousa, J., Maier, H. E., Balmaseda, A., & Gordon, A. (2022). Pediatric burden and seasonality of 

human metapneumovirus over 5 years in Managua, Nicaragua. Influenza and other respiratory viruses, 

16(6), 1112–1121. https://doi.org/10.1111/irv.13034 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 January 2025 doi:10.20944/preprints202501.0759.v2

https://doi.org/10.20944/preprints202501.0759.v2


7 of 6 

6. Kolli, D., Bao, X., & Casola, A. (2012). Human metapneumovirus antagonism of innate immune responses. 

Viruses, 4(12), 3551–3571. https://doi.org/10.3390/v4123551 

7. Hastings, A. K., Erickson, J. J., Schuster, J. E., Boyd, K. L., Tollefson, S. J., Johnson, M., Gilchuk, P., Joyce, S., 

& Williams, J. V. (2015). Role of type I interferon signaling in human metapneumovirus pathogenesis and 

control of viral replication. Journal of virology, 89(8), 4405–4420. https://doi.org/10.1128/JVI.03275-14 

8. Wu, W., Choi, E. J., Lee, I., Lee, Y. S., & Bao, X. (2020). Non-Coding RNAs and Their Role in Respiratory 

Syncytial Virus (RSV) and Human Metapneumovirus (hMPV) Infections. Viruses, 12(3), 345. 

https://doi.org/10.3390/v12030345 

9. Martínez-Espinoza, I., Bungwon, A. D., & Guerrero-Plata, A. (2023). Human Metapneumovirus-Induced 

Host microRNA Expression Impairs the Interferon Response in Macrophages and Epithelial Cells. Viruses, 

15(11), 2272. https://doi.org/10.3390/v15112272 

10. Donnelly, R. P., & Kotenko, S. V. (2010). Interferon-lambda: a new addition to an old family. Journal of 

interferon & cytokine research : the official journal of the International Society for Interferon and Cytokine 

Research, 30(8), 555–564. https://doi.org/10.1089/jir.2010.0078 

11. Lazear, H. M., Nice, T. J., & Diamond, M. S. (2015). Interferon-λ: Immune Functions at Barrier Surfaces and 

Beyond. Immunity, 43(1), 15–28. https://doi.org/10.1016/j.immuni.2015.07.001 

12. Mordstein, M., Neugebauer, E., Ditt, V., Jessen, B., Rieger, T., Falcone, V., Sorgeloos, F., Ehl, S., Mayer, D., 

Kochs, G., Schwemmle, M., Günther, S., Drosten, C., Michiels, T., & Staeheli, P. (2010). Lambda interferon 

renders epithelial cells of the respiratory and gastrointestinal tracts resistant to viral infections. Journal of 

virology, 84(11), 5670–5677. https://doi.org/10.1128/JVI.00272-10 

13. Zhang, Y., Xu, J., Miranda-Katz, M., Sojati, J., Tollefson, S. J., Manni, M. L., Alcorn, J. F., Sarkar, S. N., & 

Williams, J. V. (2024). Distinct roles for type I and type III interferons in virulent human metapneumovirus 

pathogenesis. PLoS pathogens, 20(2), e1011840. https://doi.org/10.1371/journal.ppat.1011840 

14. Sojati, J., Parks, O. B., Zhang, Y., Walters, S., Lan, J., Eddens, T., Lou, D., Fan, L., Chen, K., Oury, T. D., & 

Williams, J. V. (2024). IFN-λ drives distinct lung immune landscape changes and antiviral responses in 

human metapneumovirus infection. mBio, 15(5), e0055024. https://doi.org/10.1128/mbio.00550-24 

15. Uche, I. K., & Guerrero-Plata, A. (2018). Interferon-Mediated Response to Human Metapneumovirus 

Infection. Viruses, 10(9), 505. https://doi.org/10.3390/v10090505 

16. Makris, S., Paulsen, M., & Johansson, C. (2017). Type I Interferons as Regulators of Lung Inflammation. 

Frontiers in immunology, 8, 259. https://doi.org/10.3389/fimmu.2017.00259 

17. Hou, L., Shi, Y., Guo, J., Sun, T., Wang, D., Yang, X., Liu, C., Cui, Y., Zhu, N., Tong, X., Pan, Y., Feng, X., 

Zhou, J., & Liu, J. (2023). Avian Metapneumovirus Subgroup C Phosphoprotein Suppresses Type I 

Interferon Production by Blocking Interferon Regulatory Factor 3 Nuclear Translocation. Microbiology 

spectrum, 11(1), e0341322. https://doi.org/10.1128/spectrum.03413-22 

18. Brynes, A., Zhang, Y., & Williams, J. V. (2024). Human metapneumovirus SH protein promotes JAK1 

degradation to impair host IL-6 signaling. Journal of virology, 98(11), e0110424. 

https://doi.org/10.1128/jvi.01104-24 

19. Soto, J. A., Gálvez, N. M. S., Benavente, F. M., Pizarro-Ortega, M. S., Lay, M. K., Riedel, C., Bueno, S. M., 

Gonzalez, P. A., & Kalergis, A. M. (2018). Human Metapneumovirus: Mechanisms and Molecular Targets 

Used by the Virus to Avoid the Immune System. Frontiers in immunology, 9, 2466. 

https://doi.org/10.3389/fimmu.2018.02466 

20. Yuen, C. K., Wong, W. M., Mak, L. F., Lam, J. Y., Cheung, L. Y., Cheung, D. T. Y., ... & Kok, K. H. (2023). 

An interferon-integrated mucosal vaccine provides pan-sarbecovirus protection in small animal models. 

Nature Communications, 14(1), 6762. https://doi.org/10.1038/s41467-023-42349-5 

21. Li, Y., Li, J., He, S., Zhang, W., Cao, J., Pan, X., Tang, H., Zhou, E. M., Wu, C., & Nan, Y. (2020). Interferon 

Inducing Porcine Reproductive and Respiratory Syndrome Virus Vaccine Candidate Protected Piglets from 

HP-PRRSV Challenge and Evoke a Higher Level of Neutralizing Antibodies Response. Vaccines, 8(3), 490. 

https://doi.org/10.3390/vaccines8030490 

22. Du, Y., Salehi-Rad, R., Zhang, T. H., Crosson, W. P., Abascal, J., Chen, D., ... & Sun, R. (2024). Hyper-

Interferon Sensitive Influenza Induces Adaptive Immune Responses and Overcomes Resistance to Anti–

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 January 2025 doi:10.20944/preprints202501.0759.v2

https://doi.org/10.20944/preprints202501.0759.v2


8 of 6 

PD-1 in Murine Non–Small Cell Lung Cancer. Cancer Immunology Research, 12(12), 1765-1779. 

https://doi.org/10.1158/2326-6066.CIR-23-1075 

23. Tirziu, A., & Paunescu, V. (2022). Cytotoxic T-Cell-Based Vaccine against SARS-CoV-2: A Hybrid 

Immunoinformatic Approach. Vaccines, 10(2), 218. https://doi.org/10.3390/vaccines10020218 

24. Bossche, G. V. (2017). Re-thinking Vaccinology:“Act Universally, Think NK Cells”?. Journal of Molecular 

Immunology, 2017. https://www.omicsonline.org/open-access/rethinking-vaccinology-act-universally-

think-nk-cells.php?aid=94307 

25. Chang, T., Yang, J., Deng, H., Chen, D., Yang, X., & Tang, Z. H. (2022). Depletion and Dysfunction of 

Dendritic Cells: Understanding SARS-CoV-2 Infection. Frontiers in immunology, 13, 843342. 

https://doi.org/10.3389/fimmu.2022.843342 

26. Jonny, J., Putranto, T. A., Irfon, R., & Sitepu, E. C. (2022). Developing dendritic cell for SARS-CoV-2 vaccine: 

Breakthrough in the pandemic. Frontiers in immunology, 13, 989685. 

https://doi.org/10.3389/fimmu.2022.989685 

27. Jonny, J., Putranto, T. A., Sitepu, E. C., & Irfon, R. (2022). Dendritic cell vaccine as a potential strategy to 

end the COVID-19 pandemic. Why should it be Ex Vivo?. Expert review of vaccines, 21(8), 1111–1120. 

https://doi.org/10.1080/14760584.2022.2080658 

28. Bosinger, S. E., & Utay, N. S. (2015). Type I interferon: understanding its role in HIV pathogenesis and 

therapy. Current HIV/AIDS Reports, 12, 41-53. https://doi.org/10.1007/s11904-014-0244-6 

29. Mohamed, H., Miller, V., Jennings, S. R., Wigdahl, B., & Krebs, F. C. (2020). The Evolution of Dendritic Cell 

Immunotherapy against HIV-1 Infection: Improvements and Outlook. Journal of immunology research, 

2020, 9470102. https://doi.org/10.1155/2020/9470102 

30. Rinaldo C. R. (2009). Dendritic cell-based human immunodeficiency virus vaccine. Journal of internal 

medicine, 265(1), 138–158. https://doi.org/10.1111/j.1365-2796.2008.02047.x 

31. Müller, L., Aigner, P., & Stoiber, D. (2017). Type I Interferons and Natural Killer Cell Regulation in Cancer. 

Frontiers in immunology, 8, 304. https://doi.org/10.3389/fimmu.2017.00304 

32. Sistigu, A., Yamazaki, T., Vacchelli, E., Chaba, K., Enot, D. P., Adam, J., Vitale, I., Goubar, A., Baracco, E. 

E., Remédios, C., Fend, L., Hannani, D., Aymeric, L., Ma, Y., Niso-Santano, M., Kepp, O., Schultze, J. L., 

Tüting, T., Belardelli, F., Bracci, L., … Zitvogel, L. (2014). Cancer cell-autonomous contribution of type I 

interferon signaling to the efficacy of chemotherapy. Nature medicine, 20(11), 1301–1309. 

https://doi.org/10.1038/nm.3708 

33. Yu, R., Zhu, B., & Chen, D. (2022). Type I interferon-mediated tumor immunity and its role in 

immunotherapy. Cellular and molecular life sciences : CMLS, 79(3), 191. https://doi.org/10.1007/s00018-

022-04219-z 

34. Zhang, X., Wang, S., Zhu, Y., Zhang, M., Zhao, Y., Yan, Z., Wang, Q., & Li, X. (2021). Double-edged effects 

of interferons on the regulation of cancer-immunity cycle. Oncoimmunology, 10(1), 1929005. 

https://doi.org/10.1080/2162402X.2021.1929005 

35. Gajewski, T. F., & Corrales, L. (2015). New perspectives on type I IFNs in cancer. Cytokine & growth factor 

reviews, 26(2), 175–178. https://doi.org/10.1016/j.cytogfr.2015.01.001 

36. Lim, J., & Lee, H. K. (2024). Engineering interferons for cancer immunotherapy. Biomedicine & 

pharmacotherapy = Biomedecine & pharmacotherapie, 179, 117426. 

https://doi.org/10.1016/j.biopha.2024.117426 

37. Li, Q., Kawamura, K., Tada, Y., Shimada, H., Hiroshima, K., & Tagawa, M. (2013). Novel type III interferons 

produce anti-tumor effects through multiple functions. Frontiers in bioscience (Landmark edition), 18(3), 

909–918. https://doi.org/10.2741/4152 

38. Hultcrantz, M., Hühn, M. H., Wolf, M., Olsson, A., Jacobson, S., Williams, B. R., Korsgren, O., & Flodström-

Tullberg, M. (2007). Interferons induce an antiviral state in human pancreatic islet cells. Virology, 367(1), 

92–101. https://doi.org/10.1016/j.virol.2007.05.010 

39. Lind, K., Richardson, S. J., Leete, P., Morgan, N. G., Korsgren, O., & Flodström-Tullberg, M. (2013). 

Induction of an antiviral state and attenuated coxsackievirus replication in type III interferon-treated 

primary human pancreatic islets. Journal of virology, 87(13), 7646–7654. https://doi.org/10.1128/JVI.03431-

12 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 January 2025 doi:10.20944/preprints202501.0759.v2

https://doi.org/10.20944/preprints202501.0759.v2


9 of 6 

40. He, B., Tran, J. T., & Sanchez, D. J. (2019). Manipulation of Type I Interferon Signaling by HIV and AIDS-

Associated Viruses. Journal of immunology research, 2019, 8685312. https://doi.org/10.1155/2019/8685312 

41. Marsili, G., Remoli, A. L., Sgarbanti, M., Perrotti, E., Fragale, A., & Battistini, A. (2012). HIV-1, interferon 

and the interferon regulatory factor system: an interplay between induction, antiviral responses and viral 

evasion. Cytokine & growth factor reviews, 23(4-5), 255–270. https://doi.org/10.1016/j.cytogfr.2012.06.001 

42. Rustagi, A., & Gale, M., Jr (2014). Innate antiviral immune signaling, viral evasion and modulation by HIV-

1. Journal of molecular biology, 426(6), 1161–1177. https://doi.org/10.1016/j.jmb.2013.12.003 

43. Sanchez, D. J., Miranda, D., Jr, Marsden, M. D., Dizon, T. M., Bontemps, J. R., Davila, S. J., Del Mundo, L. 

E., Ha, T., Senaati, A., Zack, J. A., & Cheng, G. (2015). Disruption of Type I Interferon Induction by HIV 

Infection of T Cells. PloS one, 10(9), e0137951. https://doi.org/10.1371/journal.pone.0137951 

44. Jiang, G., Santos Rocha, C., Hirao, L. A., Mendes, E. A., Tang, Y., Thompson, G. R., 3rd, Wong, J. K., & 

Dandekar, S. (2017). HIV Exploits Antiviral Host Innate GCN2-ATF4 Signaling for Establishing Viral 

Replication Early in Infection. mBio, 8(3), e01518-16. https://doi.org/10.1128/mBio.01518-16 

45. Vassena, L., Giuliani, E., Koppensteiner, H., Bolduan, S., Schindler, M., & Doria, M. (2015). HIV-1 Nef and 

Vpu Interfere with L-Selectin (CD62L) Cell Surface Expression To Inhibit Adhesion and Signaling in 

Infected CD4+ T Lymphocytes. Journal of virology, 89(10), 5687–5700. https://doi.org/10.1128/JVI.00611-15 

46. Frenkel, D., Maron, R., Burt, D. S., & Weiner, H. L. (2005). Nasal vaccination with a proteosome-based 

adjuvant and glatiramer acetate clears beta-amyloid in a mouse model of Alzheimer disease. The Journal 

of clinical investigation, 115(9), 2423–2433. https://doi.org/10.1172/JCI23241 

47. Carp, T. N., Metoudi, M., & Ojha, V. (2024). Infection-Simulator, Immunostimulatory and 

Immunomodulatory Effects of Interferons I and III in Biological Systems: A New Era in Vaccinology and 

Therapeutics Possible?. Preprints. https://doi.org/10.20944/preprints202212.0155.v7 

48. Carp, T. N. (2024). Potential Innovations in Modern-Day Human and Animal Vaccine Development. 

Preprints. https://doi.org/10.20944/preprints202407.2158.v5 

49. Carp, T. N. (2024). May a Clinical Implementation of the United Immune System Concept Help Delay the 

Onset of Degenerative Proteinopathies?. Preprints. https://doi.org/10.20944/preprints202412.0633.v2 

50. Carp, T. N. (2024). Potential Applications of Computerised Algorithms and Implementation of AI Models 

into Microbiological, Evolutionary and Pharmaceutical Research. Preprints. 

https://doi.org/10.20944/preprints202412.1882.v1 

51. Kolata, G. (1989). Ignored AIDS Drug Shows Promise in Small Tests. New York Times, August, 15. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 January 2025 doi:10.20944/preprints202501.0759.v2

https://doi.org/10.20944/preprints202501.0759.v2

