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Chapter One

Introduction

1.1 Background to the Study

Respiratory Syncytial virus (RSV) is one of the most common and severe upper respiratory

infectious disease in children (5 years and below) and older adults (above 65 years)

worldwide1. RSV belongs to the family Paramyxoviridae and is the leading cause of lower

respiratory tract infections in infants and older adults. RSV is an enveloped, non-segmented,

negative strand RNA virus. It is the most complex of the Paramyxoviridae family in terms of

gene and protein2. Studies have shown that older adults and children 5 years and below are

more prone to respiratory viruses. Specifically, it is associated with 22% of all severe acute

lower respiratory infection which has resulted in 66,000 to 119,000 deaths in children under 5

years in 2015. Due to its high contagiousness, the respiratory syncytial virus causes

significant illness and mortality in society4.

Respiratory syncytial virus (RSV) is one of the most serious pathogenic pediatric infections

and is associated with a high rate of morbidity and mortality5. There is still no effective and

secure vaccination on the market despite substantial research into Animal models, clinical

indicators, diagnosis techniques, epidemiology, and the immunobiology of infection. The

primary histopathologic hallmarks of RSV infection include acute bronchiolitis, mucosal and

submucosal edema, and luminal obstruction by cellular ebris, which are sloughed epithelial

cells mixed with macrophages, fibrin strands, and some mucus6. A and B are the two primary

antigenic subgroups of the one RSV serotype. Co-circulating strains of both kinds occur

often.but subtype A typically is the most prominent. RSV infections in temperate regions

exhibit a distinct similarity to the human illness. Notably, children hospitalized throughout

early childhood or infancy due to RSV have a significantly increased frequency of asthma7.
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But there hasn't been much research done on the likely genes that could account for this rise

in vulnerability. Asthma tends to develop afterwards as a result of an atopic predisposition

which is less important than the pathogenic inflammatory response, which uses chemokines,

cytokines, and their corresponding preceptors8. Both the development of RSV vaccinations

and the use of more modern antiviral medications to treat illness are undergoing extensive

evaluation9. Determining the natural history of RSV and the potential effects of co-infection

are also receiving a lot of interest. The connection between RSV bronchiolitis, other virally

caused inflammatory reactions, and asthma must undoubtedly be further studied10.

RSV has been identified to be associated with 22 percent of all severe acute lower respiratory

infections and this has resulted in 66,000 to 199,000 deaths in children under the age of 5

years in 2015. In the United States, about 2.1 million younger than five years old visit

outpatient clinic due to RSV11. In comparison with Influenza, RSV causes about 137 deaths

per year in the US, while influenza causes about 38 deaths per year among kids under the age

of four. RSV was also ranked third most important cause of pneumonia death in infants after

Haemophilus influenza and Streptococcus pneumonia hence, RSV is increasingly recognized,

not only in infants, but also in older adults12.

The leading cause of paediatric pneumonia that require hospitalization in nations with low to

moderate incomes throughout Africa as well as Asia has been attributed to RSV13. Its

prevalence in Nigeria is about 34% as reported among children under the age of 5 years14.

The diagnosis, put into consideration; the time of year and symptoms, laboratory and imaging

test are then required for a confirmatory diagnosis. The laboratory investigations include

blood tests which comprises leucocyte counts, virus and or bacteria identification. The

imaging test usually required is Chest X-rays to check for inflammation of the lungs15.
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RSV like other respiratory tract infections share common symptoms. Influenza, Roseola

infantum, Rotavirus infection, Rubella, Subacute Sclerosing Panencephalitis (SSPE)

including Coronavirus all share majority of the following symptoms; congestion, runny nose,

fever, cough and sore throat, fatigued, breathing difficulties, barking or wheezing cough,

which in severe case result in pneumonia or bronchiolitis16. Early-life viral infection causes

acute illness and can be connected to the emergence of wheezing and asthma when one ages.

The at-risk population include infants of ages below 5 years and adults above 65 years,

factors associated with this include; immature immunity in case of infants and low immunity

due to old age in adults17.

A contagious illness known as coronavirus disease 2019 (COVID-19) is brought on by the

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and spreads from person to

person by respiratory droplets18. The infectious disease that is currently causing the 2019–

2020 coronavirus pandemic19, originated in Wuhan, the capital of Hubei Province, China, in

December of 2019. From there, it traveled around the world. By April 6, 2020, the virus has

spread to nearly every country in the world, resulting in over 1.6 million confirmed cases and

97,179 deaths, almost all of which occurred in Europe. This COVID-19 outbreak has

expanded extremely swiftly20.

Through the inhalation of aerosols from an infected person, COVID-19 is spread21. Potential

risk factors for serious sickness and morality have primarily been found to be individuals

with pre-existing conditions (such as hypertension, diabetes, lung disease, cancer, and cardiac

disease), children, and old age22. For COVID-19, no antiviral vaccine or medication has been

developed as of now. Its transmission, distribution, prevention, treatment, and pathogenesis

are all subjects of additional research. The World Health Organization recommended

preventing close contacts and medical personnel from contracting the disease in order to stop
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person-to-person transmission23. The World Health Organization (WHO) on the 13th of

October 2020, announced that routine handwashing, social segregation, hand sanitizer use,

and respiratory hygiene (covering the mouth and nose when coughing or sneezing) are the

primary protective measures to reduce the risk of the COVID-19 infection. Furthermore, to

lower the danger of infection and illness spread, the general public must keep a distance of at

least one meter. In addition, make putting on of nose mask a compulsory thing while in the

company of people in a commonplace. Also, meet individuals outside rather than in 3Cs

(places that are closed, crowded, or involve close contact24.

All over the world, along with WHO, the majority of the government supported and imposed

a severe lockdown at an early stage of COVID-19 since it was believed to be one of the best

and most effective methods for controlling the current pandemic; it could possibly be

more beneficial if carried out with integrity25. Authorities in various countries announced two

weeks and then three weeks’ lockdown, respectively, which was decided to extend due to the

increased number of cases. The lockdown decision was not easy for the governments because

it was supposed to affect the economy and the public badly. Along with major issues, the

general public also faced sleep disturbance problems, anxiety, and depression due to

lockdown.

Common symptoms of COVID-19 include inflammation of the upper respiratory tract and

symptoms similar to the flu, such as sneezing, coughing, sinus obstruction, and mucous

secretions from the nose26. After that, the temperature seems to rise to approximately 39

degrees or more during days 7-10, and then the person may feel a partial improvement until

the end of the 2-wk period. While the majority of cases result in mild symptoms, some

progress to acute injury to the lower respiratory tract and pneumonia. In addition to affecting
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the respiratory system, there is a high risk of death in elderly people and people of all ages

who suffer from serious health conditions, such as heart disease, lung disease, and diabetes27.

All viruses in the Nidovirales order are enveloped, non-segmented positive-sense RNA

viruses. They all contain very large genomes for RNA viruses, with some viruses having the

largest identified RNA genomes, containing up to 33.5 kilobase (kb) genomes28. Other

common features within the Nidoviralesorder include: a highly conserved genomic

organization, with a large replicase gene preceding structural and accessory genes; expression

of many non-structural genes by ribosomal frameshifting; several unique or unusual

enzymatic activities encoded within the large replicase–transcriptase polyprotein; and

expression of downstream genes by synthesis of 3 nested sub-genomic mRNAs29. In fact,

the Nidovirales order name is derived from these nested 3′ mRNAs as nido is Latin for

“nest.” The major differences within the Nidovirus families are in the number, type, and sizes

of the structural proteins. These differences cause significant alterations in the structure and

morphology of the nucleocapsids and virions30.

Coronaviruses are a family of enveloped, single-stranded, positive-strand RNA viruses

classified within the Nidovirales order. This coronavirus family consists of pathogens of

many animal species and of humans, including the recently isolated severe acute respiratory

syndrome coronavirus (SARS-CoV)31. In the event of COVID-19, it has become important to

accurately diagnose upper respiratory viruses since they share similar symptoms.

Consequently, this study will be designed to detect and characterize RSV among older adults

and children 5 years and below that tested negative for COVID-19. RSV has never really

been identified as a major cause of infection among kids and older adult hence the need for

the study32. Many studies have been carried out on RSV but doing it again will sensitize the

community and health facilities to look out for RSV as a major cause of respiratory infection
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in children and older adults and also bring it to their knowledge that RSV can be a co virus in

other infections33.

1.2 Statement of the Problem

Ribavirin released in aerosol form for the treatment of RSV demonstrate faster clearance,

decreased viral shedding and shorter stay in hospital. Palivizumab is a humanized

monoclonal antibody specifically targeted at RSV infection and it is licensed for RSV

prophylaxis in premature infants and those infants given birth to with cardiopulmonary

disorders34.

Also, in the older adult with suppressed immunity. The drugs mentioned are some treatment

options for RSV which is not available for the novel COVID-19, although certain drugs and

vaccines are on clinical trial phase, a wrong diagnosis based on just the symptoms which is

almost the same in most respiratory viruses may result in extended use of drugs and

unnecessary treatment plans which include isolation and other intensive care with high-cost

implication, post isolation center psychological effect and even health implication35.

The identification of the specific organism causing an infection is necessary, especially when

such causatives possess similar symptoms with other infections. This is necessary to

specifically treat an infectious disease and will make treatment easier and specific, hence

problems such as drug resistance may be reduced. Therefore, the aim of this study is to

identify a contributing factor of viral respiratory illnesses that present similar symptoms and

their prevalence in Ibadan, southwest Nigeria.

1.3 Justification of the Study
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RSV is a respiratory illness that is common in young children and older adult and can be a co

infection in respiratory illnesses, also other respiratory viruses can also co infect children, and

older adult hence the need for the study.

Without proper diagnosis, infection with RSV can be fatal, mortality and morbidity will

increase. Rapid detection of RSV and co-infected virus is required to inform best practices

and treatment to avert mortality rate of children and older adult

This study will add to the body of Knowledge by sensitizing the health workers, the

community and the policy makers to be aware of the virus RSV which can also coinfect with

Sars-Cov- 2 Influenza A and B.

1.4 Aims and Objectives of the Study

The aim of this study is to determine the prevalence of RSV among Covid-19 older adult and

children 5 years and below in Ibadan, Southwest Nigeria

The general objective of this study is to detect and characterize RSV among older adults and

children 5 years and below that tested negative for COVID-19.

Specific Objectives are to:

i. Determine the prevalence of RSV among children 5 years and below and older adults

that has been tested negative for COVID-19.

ii. Determine the prevalence of other respiratory viruses (flu A, Flu B) among children

and other adult that tested negative for COVID-19 and the association of coinfection

of RSV with other upper respiratory viruses.

iii. Identify genetic variance of RSV from participants in the senatorial Districts of

Ibadan, Southwest.
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1.5 Research Questions

1. What is the prevalence of RSV among COVID-19 negative children 5 years and

below in the senatorial district of Ibadan, Oyo State Nigeria?

2. What is the prevalence of RSV among COVID -19 negative Older Adults in the

senatorial district of Ibadan, Southwest Oyo State Nigeria?

3. What is the prevalence of other respiratory viruses (Flu A and Flu B) among COVID-

19 negative children in the senatorial district of Oyo State Nigeria?

4. What is the prevalence of other respiratory viruses among COVID-19 negative older

adults in the senatorial district of Oyo State Nigeria?

5. What is the association of co-infection among COVID-19 negative children in the

senatorial District of Ibadan Southwest Nigeria?

6. What is the association of coinfection among COVID-19 negative older adults in the

senatorial district of Ibadan Southwest Nigeria?

1.6 Hypothesis

Ho1: Respiratory Syncytial virus (RSV), Influenza A and B can be found in samples tested

negative for COVID-19 in older adults and children 5 years and below.

1.7 Significance of the Study

It is important to note that children or adult suspected for COVID-19 can also be suffering

from other ailment like RSV and other co infections like influenza A and B and thus other co

infections should also be looked out for when checking for COVID-19. This study will show

that a sample that is negative for COVID -19 can have other co infection viruses embedded in

the samples
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1.8 Scope of the Study

The study covers children that are 5 years and below that have been tested negative for

COVID-19 and also older adults that have been tested negative for COVID -19. It makes use

of adults and children’s samples that have been stored (Archived) in -800C ultralow freezers

collected from senatorial District of Ibadan Southwest Nigeria

1.9 Limitation of the Study

I could not relate directly with the owners of the samples used because the data used were

secondary data (Archived Samples). Some of the adult participant did not disclose their age

for security reasons.

1.10 Operational Definitions of Terms

Immunobiology; This is the study of the immune system that confers protectionagainst

infectious diseases. This complex system is also involved in the rejection of grafted tissues in

allergy and in autoimmunity

Pediatrics: This is the branch of science that deals with children and their diseases,

Undisclosed; This means that participants did not disclose their particulars e.g., age, sex or

local government area for security reasons.

COVID-19: This is an infectious disease caused the SARS-COV-2 virus. It is the official

name given by the World Health Organization (WHO to the disease. The new corona virus

first surfaced in Wuhan, China in 2019 and spread around the globe
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Chapter Two

Literature Review

2.1 History of Respiratory Syncitial Virus

Respiratory Syncytial Virus (RSV) is a common virus that can be found all over the world.

The leading cause of infant morbidity from respiratory infections1. By the age of two years

nearly all children have been infected and can cause severe bronchiolitis and pneumonia in

this age group. In the USA, the virus infects about 100% of children by the time they are 2 to

3 years old. Several hundred newborns may pass away from the illness directly, and an

additional several thousand deaths may be linked to RSV-related complications2. According

to estimates from the World Health Organization, (RSV) causes 160,000 fatalities and 64

million illnesses worldwide per annum3.

Human respiratory syncytial virus (hRSV) is a Human Orthopneumovirus that causes

syncytial histopathology in the respiratory tract of infected and diseased children. It is a

major cause of lower respiratory tract infection and increases treatment attention, cost of

treatment from debilitation to resuscitation and convalescence during infancy and childhood4.

It is very contagious. Palivizumab, a preventive drug, can be used to prevent RSV in preterm

newborns (those born at less than 35 weeks of gestation), children with specific congenital

heart abnormalities (CHD) or bronchopulmonary dysplasia (BPD), and infants with

congenital airway malformations. Only supportive care, such as oxygen therapy, more

sophisticated breathing assistance, or nasal high flow oxygen, is used as a kind of treatment5.

RSV is spread through contaminated air droplets and can cause outbreak both in the

community and in the hospital settings6. Following the initial contamination through the eyes

or nose, the virus will infect the epithelial cells of the upper and the lower airway, causing

inflammation, cell damage and airway obstruction. While it primarily affects newborns, it is



15

being known that it is a major source of sickness in older individuals and can frequently be

fatal for those with compromised immune systems. The incubation period of RSV

respiratory disease is estimated to be three to five days. In people with compromised immune

systems, viral shedding is greatly extended and can last for many months7.The clinical

manifestations range from mild upper tract illness, infection in middle ear which progresses

into acute otitis media, croup, to apnoea in premature infants, pneumonia and bronchiolitis.

The virus replicates in the nasopharynx during the early stages of the illness8. A productive

cough and mild to moderate nasal congestion with evident rhinorrhea are typical signs of an

upper respiratory tract infection9. Early on in the illness, a mild fever may appear, and before

full recovery, symptoms may last one to three weeks. Tachycardia (rapid breathing of more

than 60 to 70 breaths per minute), wheezing, and/or rales are signs of lower respiratory tract

disease and typically start up to three days after the commencement of rhinorrhea. In the early

stages of the sickness, the virus multiplies in the nasopharynx8. A productive cough,

moderate nasal congestion, and obvious rhinorrheaare. Typical signs of an upper respiratory

tract infection9. Early on in the illness, mild fever may appear, and before full recovery,

symptoms may last one to three weeks. Tachycardia (rapid breathing of more than 60-70

breaths per minute), wheezing, and/or rales are signs of lower respiratory tract disease and

typically show up to three days after the onset of rhinorrhea10. These signs show that the virus

has entered the bronchi and bronchioles. A chest radiograph shows flattened diaphragms and

hyperinflation.10. These signs show that the virus has entered the bronchi and bronchioles. A

chest radiograph shows flattened diaphragms and hyperinflation. Middle and higher lobes

may get impacted by an interstitial pneumonia if the RSV extends to the alveoli further11.

Such individuals have significant respiratory distress, including deep retractions and grunting

respirations, along with tachypnea. Hypoxemia, acidosis, and dehydration all dramatically

raise the risk of cardiovascular failure. Complete bronchiolar blockage is particularly
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common in people with compromised immune systems and small infants with very short

bronchioles12. Additionally, there is a higher chance of vomiting, which is frequently a sign

of respiratory distress and can make gastroesophageal reflux more likely. With dehydration

as well as decreased in oral intake. Risk factors for morbidity and mortality during RSV

infection include premature infants born at 30-35 weeks' gestation, HIV-positive people,

children with cyanotic congenital heart disease, and other immunosuppressive treatments

such as bone marrow transplant13.

The single-stranded, negative-sense RNA virus known as the human respiratory syncytial

virus is a member of the Pneumoviridae family14. Two major antigens, referred to as the A

and B subtypes, are commonly used to classify RSV. One of the most prevalent respiratory

viruses is the respiratory syncytial virus (RSV). The elderly and patients with immune system

deficiencies are also affected, in addition to young children15. The risk of developing a severe

RSV infection increases with age, specific comorbidities such as severe lung illness,

transplant recipients, and those with compromised immune systems. RSV is more common in

winter in countries with moderate climates. In contrast, RSV outbreaks can be seen in tropical

and subtropical nations during cooler or rainier months16. Due to a shortage of

RSV vaccination, human respiratory syncytial virus infection has become a significant public

health concern that has resulted in high hospitalization and fatality rates17. Clinicians and

researchers have recognized parallels and differences between RSV and severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2) during the corona virus disease 2019

(COVID-19) era. Public health and social measures (PHSMs), which include personal

protective measures including mask use, hand cleanliness, and social distancing, measures to

protect the environment, and monitoring and interventive measures, have been widely

implemented throughout the COVID-19 era. PHSMs are crucial in the fight against SARS-

CoV-2 spread18. Other respiratory viral illnesses have also been greatly impacted by the
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introduced PHSMs. During the COVID-19 era, numerous studies have demonstrated a

striking decline in the frequency of RSV and other common respiratory pathogens19. The

underlying nature of the link might be more complex, despite the fact that it seems to be a

straightforward direct correlation20.

Two respiratory infections that share certain symptoms are respiratory syncytial virus (RSV)

and coronavirus21. The new coronavirus seems to pose a greater risk to individuals,

particularly those who are older. Young children are at higher risk for human respiratory

syncytial virus infection, but older adults and individuals with pre-existing medical

conditions are also at risk. Viruses that commonly infect the respiratory tract are referred to

as coronaviruses. The virus that causes COVID-19 is the most recent22.

Despite the fact that, COVID-19 can affect children, the majority of cases that have been

diagnosed so far are in adults. Additionally, adults are more prone to experience severe

coronavirus symptoms, particularly if they are over 65 or suffer from a condition like

diabetes, lung illness, or heart disease. RSV can also affect people of ages, but it's especially

common in infants and young children23. Almost every children will be infected by the age of

two. Most incidents are minor. However, specific children are more susceptible to developing

a serious illness, such as:

Babies who are 6 months or younger; premature infants; children under 2 who have chronic

lung or heart problems; kids with impaired immune systems; kids who are having difficulty

in swallowing

More than 57,000 kids are hospitalized due to the human respiratory syncytial virus each year.

Adults and older children who contract RSV typically only experience mild symptoms

resembling a cold. However, RSV can be severe for some people, particularly:
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Those over 65, those with compromised immune systems and those suffering from heart or

lung conditions24.Respiratory Syncytial Virus (RSV) and COVID-19, are all highly

contagious respiratory infections caused by viruses: The flu by influenza virus, COVID-19 by

SARS-CoV-2 virus, and RSV by Respiratory Syncytial Virus. It is possible for a person to be

infected with multiple viruses at the same time25. The flu is caused by the influenza virus and

spreads easily during the winter months when people spend time together indoors. There are

many strains of influenza virus, and the virus can change from year to year, which is why you

should get a flu vaccine each year26. RSV is caused by the respiratory syncytial virus, a

highly contagious virus that can infect children and adults. In adults and older children, RSV

is typically a mild illness very similar to the common cold27. In infants and the elderly, the

symptoms can be more severe while COVID-19 is caused by SARS-CoV-2, a new

coronavirus. Coronaviruses are a family of viruses named for their corona-like shape.

Sometimes, the general term “coronavirus” is used with COVID-19, but this is technically

incorrect because there are many types of coronaviruses in this family, including SARS-CoV-

1 which emerged in 2002 and other coronaviruses28.

In the US, RSV causes 60,000–120,000 older persons to be hospitalized each year, and

6,000-10,000 of them pass away. The same viral droplets that are released into the air when

an infected person coughs or sneezes serve as the primary means of transmission for both

diseases. If the virus is on a surface and you touch it before putting your fingers in your

mouth, nose, or eyes, you could become ill29.

2.2 Virology of Human Respiratory Syncytial Virus (RSV)

Human Respiratory Syncytial Virus belongs of the subfamily Pneumovirinae in the family

Paramyxoviridae, and the order Mononegavirales. Mumps, measles, and parainfluenza (types

1, 2, and 3) are a few additional RNA viruses that share similarities with human respiratory
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syncytial virus. The Respiratory syncytial virus is an enveloped virus that possess a

lipoprotein coat with a linear negative-sense RNA genome that measures between 120 and

200 nm. The RSV genome is around 15,000 nucleotides long and is made up of 10 mRNAs,

each of which codes for a different viral protein. The structural proteins are divided into three

functional categories: viral polymerase (L), phosphoprotein (P), and nucleocapsid protein (N).

The RSV replicase is a protein complex that function as these proteins. 30 The fusion (F) and

attachment (G) glycoprotein projections that are spiked on the outside of the outer envelope

and lined internally with matrix protein (M) are what allow the RSV infection to start and

spread because they adhere to the host cells. Another protein found in the viral envelope is

(M2). A phosphoprotein, a polymerase protein (C), and a nucleoprotein make up the viral

capsid. The G protein is of special importance since it varies more between and among the

main antigenic groups of RSV than the other proteins do31.
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Figure 2.1: Structure of Respiratory Syncytial Virus

Source 30
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2.3 Replication of Human Respiratory Syncytial Virus (RSV)

RSV replication is limited to the respiratory mucosa and is not typically found outside of the

bronchopulmonary tree32. The G protein starts the virus' attachment to the epithelial cell.

After the F protein is broken down by the infected cell's proteolytic enzymes, the virus fuses

with the epithelial cell membrane and enters the cytoplasm. The precursor has no fusion

activity if it is not cleaved, which prevents virion penetration and prevents the viral particle

from starting infection33. The viral nucleocapsid is released into the cell when fusion by F1

takes place in the extracellular environment's neutral pH. As a result, the virus can avoid

internalization via endosomes34. The virus develops following replication by budding from

the cell surface. In the cytoplasm, the progeny nucleocapsids develop before moving to the

cell surface. The M protein, which serves to connect the viral envelope to the nucleocapsid, is

crucial for particle formation35. The majority of host proteins are removed from the

membrane during budding. Plasma membrane precursor proteins will be cleaved into active

forms if the proper host cell proteases are present. Large syncytia will then be formed as a

result of the neighboring cell membranes fusing as a result of the activated fusion protein36.

Even in the absence of fully formed viral particles, the viral RNA can spread. The upper

respiratory tract's epithelial cells are destroyed as a result of the infection37. RSV exposure

causes humoral immune responses. IgM, IgG, and IgA are the only antibodies generated in

response to primary RSV infection. An upper respiratory disease occurs because this reaction

is weak and insufficient to eradicate the virus fully or stop it from replicating in the upper

respiratory tract38.
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Figure 2.2: Respiratory Syncytial Virus Replication.

Source 32
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Although, Nasal epithelial cells are mostly infected by the Respiratory Syncytial virus.

However, in some T and B cell immunodeficiency conditions, extra pulmonary disease

progression has been noted. Significant emphasis has been paid to the link between RSV and

asthma and reversible reactive airway disease in young children39. After original infection or

reinfection with RSV, a considerable proportion of kids with a strong family history of

allergy have shown recurrent wheeze for up to 5 to 7 years of age and developed airway

illness40. The immune response to the first infection is relatively minimal, but with

reinfection, the serum and respiratory mucosa exhibit a strong booster effect with prolonged

immunologic reactivity. Immune responses specific to Th1 and Th2 cells, CD4 and CD8

receptors, and human infection have all been documented41. In addition, both natural and

artificial (in vitro) infections cause the respiratory tract to produce proinflammatory and

immunoregulatory cytokines and chemokines. The RSV virus will migrate throughout the

lower respiratory tract in susceptible patients. The infection swiftly advances to the LRT in

preterm newborns and immunosuppressed hosts42. Immunopathological reactions worsen

lung damage when T cells kill the virus inside the lung. Tumor necrosis factor-alpha (TNF-

alpha) and other proinflammatory cytokines and chemokines are released by infected cells,

along with interleukins (IL-1, IL-6, and IL-8). These processes cause the airway lining and

surrounding tissues to become inflamed by the activation of inflammatory cells such as

macrophages, eosinophils, neutrophils, and T lymphocytes43.

2.4 Classification of Respiratory Syncytial Virus

HRSV is a negative-sense, single-stranded RNA virus of the family Pneumoviridae Realm

Riboviria Kingdom Ortonavirae phylum Negamavicota, Phylum Negamavicota, Class

Monjiviricetes, Order Mononegavirales while genus Orthopneumovirus and Specie Human

orthopneumovirus44. Its name is derived from the large cells known as Scynthia that form
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when infected cells fuse 2x and 3x. RSV is the single most common cause of respiratory

hospitalization in infants, and reinfection may occur in later life. It is an important pathogen

in all age groups45.

Based on their reactivity to monoclonal antibodies, respiratory syncytial virus strains were

initially divided into two groups (A and B). The ability to characterize and categorize viruses

in greater depth was subsequently made possible by the sequencing of viral

genes46. Consequently, both the RSV-A and RSV-B groups contain a variety of genotypes.

RSV genotypes are not, however, defined by a well-established system or a consensus.

Relevantly, RSV has demonstrated a dynamic evolutionary process with discernible changes

over time, including the emergence of new genotypes and the apparent demise of others. The

appearance of RSV-A strains with a partial duplication of the G protein gene is the most

remarkable development seen in recent years47. The mechanisms causing the formation of

these viruses, as well as the epidemiological and clinical consequences of the observed

modifications, have not yet been fully described, despite the fact that RSV-B strains with a

comparable duplication have been in circulation for more than 20 years48,49.

The genomic region of the G gene, which exhibits greater variation among viral strains, is

typically utilized to differentiate and categorize RSV. According to a theory, immunological

selection caused by antibodies against viral surface proteins such the G protein leads to the

development of RSV variety. Recent research, however, indicates that such immunological

systems might not be the cause of RSV variability50. RSV variability has implications for the

design of diagnostic assays, antiviral treatments, and preventative methods (passive

immunization and vaccines) and is a major feature that permits reinfections to happen

throughout life. A good comprehension of the genetic diversity of the available viral

sequences and their accurate genotype assignment should be helpful in order to investigate
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this. The lack of agreement on current genotypes emphasizes the necessity for a thorough

investigation. New viral genotypes have been identified by a number of publications, but the

criteria employed to characterize them are inconsistent and unclear51,52. Additionally, because

the G gene exhibits the greatest variety and enables strain classification, other viral genes

have not received as much attention. Other genes, however, exhibit significant variation as

well, and adjustments to them may potentially aid in genotype classification. In addition,

mutations in genes other than the G gene might influence the virulence of the strain and the

patterns of epidemiological circulation over time53.

RSV sequences, including those of the G gene and the entire viral genome, have significantly

increased in recent years and are now more readily available in GenBank. This makes it

possible to conduct more thorough analyses, thereby enhancing the accuracy of genotype

classification54.

In their research, they examined every RSV-A sequence that is now accessible and contains

the entire G gene ectodomain in order to define the traits of genotypes that have already been

published. The NS1, NS2, N, P, M, SH, F, and L gene sequences were also examined, and

genetic markers connected to particular genotypes were discovered. These findings contribute

to the development of a framework for the classification of RSVs and aid in the

comprehension of thr processes that give rise to the diversity of the virus55.

2.5 Coronavirus (COVID- 19)

Coronavirus is known to cause the coronal virus infection which was later corona virus

disease. It is a respiratory virus which belongs to the subfamily Orthocoronavirinae. The

coronavirus disease 19 (COVID-19) is highly contagious and pathogenic viral infection that

is caused by severe acute respiratory syndrome coronavirus 2 (SARS-COV-2)56. The

coronaviridae family is made of a group of enveloped, large, single, and positive-stranded



26

RNA viruses and is known to cause common cold and diarrhea diseases in humans. Because

of its phylogenic relation to the severe acute respiratory syndrome-like (SARS-like) viruses

in bat, the possible primary reservoir could be bats57.The virus as an RNA virus binds the

host cells via its envelope lipid bilayer and releases its RNA into the cytoplasm resulting in a

translation of the viral mRNA into viral proteins which assembles into new viruses and burst

out of the cell. The viral receptor ACE2 is abundant in cells of several organ of the body

including lung, heart, kidney and adipose tissue is the reason for the accompanied symptoms

shown by the hosts58.

In their research, they examined every RSV-A sequence that is now accessible and contains

the entire G gene ectodomain in order to define the traits of genotypes that have already been

published. The NS1, NS2, N, P, M, SH, F, and L gene sequences were also examined, and

genetic markers connected to particular genotypes were discovered. These findings contribute

to the development of a framework for the classification of RSVs and aid in

the comprehension of the processes that give rise to the diversity of this virus. Respiratory

syndrome coronavirus 2 (SARS-CoV-2)

Coronavirus disease 2019 (COVID-19) is a communicable disease transmitted by means of

respiratory droplet from 1 person to another caused by the severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2)59. This infectious disease first appeared in Wuhan, the capital

of China’s Hubei Province in December of 2019 then spread globally, resulting in the

ongoing 2019-2020 coronavirus pandemic59. The current COVID-19 epidemic has spread

very quickly, and by April 6, 2020, the virus had reached almost all countries of the world,

resulting in over 1.6 million confirmed cases and 97,179 deaths, with nearly all infections and

deaths occurring in Europe60.
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Through the inhalation of aerosols from an infected individual, COVID-19 is spread.

Potential risk factors for serious sickness and morality have primarily been found to be

individuals with pre-existing conditions (such as hypertension, diabetes, lung disease, cancer,

and cardiac disease), children, and old age61. For COVID-19, no antiviral vaccine or

medication has been suggested as of yet. Its transmission, distribution, prevention, treatment,

and pathogenesis are all subjects of additional research. The World Health Organization

suggested keeping close contacts and medical personnel from contracting the disease in order

to stop person-to-person transmission62. On October 13, 2020, the WHO announced that

social seclusion, routine handwashing, the use of hand sanitizer, and respiratory hygiene

(covering the mouth and nose when coughing or sneezing) are the main preventative

strategies to lower the risk of COVID-19 infection and its dissemination. Furthermore, to

lower the danger of infection and illness spread, the general public must keep a distance of at

least one meter. In addition, make wearing of nose mask a must in the company of people in

a commonplace. In addition, meet people outside rather than in 3Cs (places that are closed,

crowded, or involve close contact)63.

All over the world, along with WHO, the majority of the nations supported and imposed a

severe lockdown at an early stage of COVID-19 because it is thought to be one of the best

and most effective methods for controlling the current outbreak; it could prove to be

beneficial if carried out with integrity64. Authorities in various countries announced two

weeks and then three weeks’ lockdown, respectively, which was decided to extend due to the

increased number of cases. The lockdown decision was not easy for the governments because

it was supposed to affect the economy and the public badly. Along with major issues, the

general public also faced sleep disturbance problems, anxiety, and depression due to

lockdown65.
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While the majority of cases result in mild symptoms, some progress to acute injury to the

lower respiratory tract and pneumonia. Elderly people and people of all ages who suffer from

serious health conditions, such as heart disease, lung disease, and diabetes, are at a high risk

of death from COVID-19. Common symptoms of the virus include inflammation of the upper

respiratory tract and symptoms similar to the flu, such as sneezing, coughing, sinus

obstruction, and mucous secretions from the no66. After that, the temperature seems to rise to

approximately 39 degrees or more during days 7–10, and then the person may feel a partial

improvement until the end of the 2-wk period67.

The COVID-19 pandemic has led to a dramatic loss of human life worldwide and presents an

unprecedented challenge to public health, food systems and the world of work68. The

economic and social disruption caused by the pandemic is devastating: tens of millions of

people are at risk of falling into extreme poverty, while the number of undernourished people,

currently estimated at nearly 690 million, could increase by up to 132 million by the end of

the year69. Bereavement, isolation, loss of income and fear are triggering mental health

conditions or exacerbating existing ones. Many people may be facing increased levels of

alcohol and drug use, insomnia, and anxiety70. Meanwhile, COVID-19 itself can lead to

neurological and mental complications, such as delirium, agitation, and stroke. People with

pre-existing mental, neurological or substance use disorders are also more vulnerable to

SARS-CoV-2 infection they may stand a higher risk of severe outcomes and even death71.

Adherence to preventive measures is the only means to tackle the virus. Reluctance to do so

has been reported to be a major problem everywhere. Community’s risk perception and poor

adherence to COVID-19 mitigation measures remains a major problem. A significant

proportion of communities did not perceive the virus as a risk for health. People also think

that it originated from a laboratory, and mostly causes mild symptoms, and affects the

elderly72.
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Figure 2.3: Coronavirus Replication

Source73
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2.6 Epidemiology of COVID-19

Covid-19 was first reported in Wuhan, China in December 2019, where hospitals reported a

cluster of spontaneous pneumonia cases with unknown cause. In no time it spread all over the

world and the World Health Organization (WHO) declared a state of public health emergency

of global concern by 30th January, 202073. The World Health Organization (WHO), (2020),

reported that there are two ways in which COVID-19 infection can manifest in the body of

the infected people. They can either be asymptomatic or symptomatic, with symptoms

disease ranging from fever, cough, respiratory symptoms, shortness of breath, and breathing

difficulties74. This disease can also have fatal outcome if those symptoms persists and the

infected persons has some medical complications especially the one related to respiratory

tracts. The fatal outcomes can also include lower-respiratory tract illnesses, such as

pneumonia and bronchitis, or acute respiratory distress syndrome (ARDs) and severe acute

respiratory syndrome (SARS) in severe diseases. These complications are more pronounced

in patients with underlying health conditions such as cardiopulmonary disease, immuno-

compromised individuals, infants and the elderly75.

Globally, the number of confirmed cases has crossed the threshold of 112 million as at 25th

February 2021 and caused more than 2.49 million deaths, with United States of America

leading the number of confirmed cases with more than 28.3 million confirmed cases and

more than 500,000 deaths. In Nigeria, the total confirmed cases were 153,843 as at 25th

February, with 1885 total deaths76.

Epidemiological investigations have shown the incubation period of the SARS-CoV-2 to be

between 1-14 days and the virus has also been found to be contagious in the asymptomatic

patients77. Infection with COVID-19 is more prominent in the elderly people with underlying

diseases, where it clinically manifests in form of fever, cough, malaise and acute respiratory
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distress syndrome occurring in few patients, which may eventually lead to death. However, in

adults and children the disease is usually presented with mild flu-like illness78. The overall

mortality rate of COVID-19 is 2% which is much lower than that of the severe acute

respiratory syndrome (SARS) and Middle East Respiratory Syndrome (MERS). Increased

respiratory transmission of the disease necessitates the practice of strict respiratory

precautions for its prevention79.

The virus is thought to be of natural animal origin, most likely through spillover

infection80. There are several theories about where the first case (the so-called patient zero)

originated and investigations into the origin of the pandemic are

ongoing. Phylogenetics estimates that SARS-CoV-2 arose in October or November 2019. A

phylogenetic algorithm analysis suggested that the virus may have been circulating

in Guangdong before Wuhan81. Evidence suggests that it descends from a coronavirus that

infects wild bats, and spread to humans through an intermediary wildlife host. The possibility

that the virus was accidentally released from a laboratory is also under increasingly active

consideration82.

There is no clear evidence on whether and how prior exposure to a strain of CoV can produce

permanent immunity against the strain species or even cross-immunity for other CoV

species83. Unlike other respiratory diseases that have a quadratic ("U"-shaped) lethality curve

(killing infants and elderly, but sparing adults, presumably because adults have a higher

chance to be immune against the infection), SARS-CoV-2 has a lethality that continuously

rises with age (sparing children but mostly killing elderly)84. The severity and the clinical

picture could be even related to the activation of exaggerated immune mechanism, causing

uncontrolled inflammation as this has been suspected for SARS and MERS. Hence, there is
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uncertainty on the impact of individual immune responses on the severity of SARS-like CoV

infections85.

In Africa, the first case of covid-19 was reported in Egypt earlier in the month of February, a

second case was reported in Algeria on the 25th of February 2020. Since Algeria is one of the

47 countries in the WHO African region hence it was regarded as the first case in the WHO

African region86. On the 28th of February, the Nigeria Centre for Disease Control (NCDC)

reported the first case of the coronavirus disease in the country. An Italian citizen working in

Nigeria returned from Milan, Italy to Lagos and was confirmed by the Lagos University

Teaching Hospital Virology Laboratory87. Since that first case was announced, the prevalence

of coronavirus has been growing steadily across the country to the point that 139 total

number of positive cases announced in the first month of the outbreak in Nigeria, has

increased to above 150, 000 after about a year88.

2.7 Epidemiology of Respiratory Syncytial Virus

First discovered in chimpanzees in 1956, the Human Respiratory Syncytial Virus (HRSV,

abbreviated RSV) was later discovered in newborns suffering from severe illness of the lower

respiratory tract89. It belongs to the genus Pneumovirus and subfamily Pneumovirinae and is a

non-segmented negative-sense single-stranded enveloped RNA virus of the Paramyxoviridae

family. Since two overlapping open reading frames in the M2 mRNA result in two different

matrix proteins, M2-1 and M2-2, its 10 genes encode 11 proteins. The G glycoprotein, the F

glycoprotein, and the SH protein are the three proteins that make up the viral envelope90.

While the SH protein is not necessary for either of these processes, the G protein is involved

in host cell attachment, the F protein is in charge of fusion and cell entrance. The RSV virus

consists of two non-structural proteins (NSI and NS2) and five other structural proteins,

including the large (L) protein, nucleocapsid (N), phosphoprotein (P), matrix (M), and M2-
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191. It is currently uncertain whether M2-2 also makes up the fully developed virus particles

(fig.1).
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NS = Nonstructural proteins

(NS-1 and NS-2)

N = Nucleoprotein

P = Phosphoprotein

M = Matrix protein

SH = Small hydrophobic protein

G = Glycoprotein

F = Fusion protein

M2 = Matrix protein

L = Large protein

Figure 2.4: The Genetic Structure of RSV

Source92
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Nearly all children in the United States will have contracted the virus by the time they are 2

to 3 years old, with 60% of infants becoming infected during their first HRSV season. 2-3%

of RSV patients suffer from bronchiolitis, demanding hospitalization92. People can become

infected several times due to the protective immunity that is brought on by a natural RSV

infection waning with time, possibly more so than with other respiratory viral infections.

Even within a single hRSV season, a baby may occasionally get more than one symptomatic

infection93. Elderly patients are increasingly being diagnosed with severe hRSV infections.

Young adults can be re-infected every five to seven years, with symptoms looking like a

sinus infection or a cold (infections can also be asymptomatic)94.

2.7.1 Structure

The linear negative-sense RNA genome of the human respiratory syncytial virus (HRSV) is

found in a medium-sized (120–200mm) envelope virus and must be transformed to a positive

RNA before translation. F, G, and SH lipoproteins with viral encoding are present in the

first95. Only the F and G lipoproteins, which are present in all RSV isolates, are directed at

the cell membrane. Based on the virus's reactivity with monoclonal antibodies against the

attachment (g) and fusion (F) (5) glycoproteins, HRSV is classified into two antigenic

subgroups, A and B96. The greater part of the population is affected by asymptomatic strains of

the virus, which are referred to as subtype B. Subtype A strains are responsible for the more

serious clinical symptoms, and they frequently predominate in outbreaks97.

Four viral genes-N (nucleoprotein), P (phosphoprotein), M (matrix protein), and L ("large"

protein, containing the RNA polymerase catalytic motifs) code for intracellular proteins that

are essential for genome transcription, replication, and particle budding98.The nucleocapsid,

which is made up of the RSV genomic RNA and the N protein, serves as a template for the

viral polymerase complex to synthesize RNA99. A decametric, annular ribonucleoprotein
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complex comprising the RSV nucleoprotein (N) coupled to RNA has been crystallized in

three dimensions at 3.3A resolution. The viral helical nucleocapsid complex's first turn is

mimicked by this complex. Using information from electron microscopy and its crystal

structure, a thorough model of the RSV nucleocapsid was created100.

2.7.2 Genome

The genome has about 15,000bp (base pair) and 11 genes encoding for nonstructural protein

1 (NS1) and (NS2), Nucleocapsid protein Phosphoprotein (P) composed of a single strand of

RNA with negative polarity. It has 10 genes encoding 11 proteins6 to date, 10 HRSV-A

genotypes have been designated, GA1 to GA7, SAA1, NA1, and NA2. The HRSV-B

genotypes include GB1 TO GB4, SAB1 TO SAB3, and BA1 TO BA66. The genome takes up

residence in the helical nucleocapsid, encoding for 11 different proteins, both structural and

non -structural101.

2.7.3. Evolution

Bayesian estimates of the mutation rates in the subtype A genomes give a mutation rate of

6.47 x 10-4 (credible interval: 5.56 x 10-4 – 7.38 x 10-4) substitutions/site/year102. This is

similar to other RNA viruses. The population size has remained constant over the last 70

years and the G protein appears to be the main site of diversifying selection. The most

recent common ancestor evolved 1943 (credible interval: 1923-1954)103Similar to the

previously calculated HRSV-A (1.83 x 10-3) nucleotide substitutions/site/year, the

HRSV-B evolutionary rate (1.95 x 10-3 nucleotide substitutions/site/year) is comparable.

On the other hand, it seems that wild HRSV-B isolates can tolerate more significant

alterations to their attachment G proteins104. The strains of subgroup B that are currently

in circulation are thought to have had a common ancestor as recently as 1949. It was

estimated that the two major subgroups diverged about 350 years ago, or in the middle of



38

the 17th century105.Respiratory Syncytial Virus infection has been said to ubiquitous in

the world, as it is found all over the world. 33.1 million Episodes of RSV-ALRI, resulted

in about 3·2 million hospital admissions, and 59 600 (48 000-74 500) in-hospital deaths

in children younger than 5 years106. In children younger than 6 months, 1.4 million

hospital admissions, and 27 300 in-hospital deaths were due to RSV-ALRI globally in

2015. An overall estimate of RSV-ALRI mortality could be as high as 118 200. Although

incidence and mortality varied substantially from year to year in any given population. In

a previous study by the same authors in 2005, respiratory syncytial virus (RSV) was

associated with 22% of all episodes of (severe) acute lower respiratory infection (ALRI)

resulting in 55 000 to 199 000 deaths in children younger than 5 years107.

The infections caused by RSV are seasonal, peaking predictably in the winter months in

temperate climates, and in the hottest months and the rainy season in tropical climates. RSV

infection develops annually in 4-5 million children, and more than 125,000 children are

admitted per year for RSV-related illness. The burden of RSV infection is not limited to only

young children. In United States, it is responsible for 177,000 hospitalizations and 14,000

deaths in elderly ≥ 65 years of age108.

Studies to analyze RSV seasonality in the five distinct regions of Brazil using time series

analysis (wavelet and Fourier series) of the following indicators: monthly positivity of the

immunofluorescence reaction for RSV identified by virology surveillance system, and rate of

hospitalizations per bronchiolitis and pneumonia due to RSV in children under 5 years old

(codes CID-10 JI2.1, J20.5, J21.0 and J21, 9)109. A total of 12,501 samples with 11.6%

positively for RSV (95% confidence interval 11-22.2), varying between 7.1 and 21.4% in the

five Brazilian regions, was analyzed. A strong trend for annual cycles with a stable stationary

pattern in the five Brazilian regions was identified through wavelet analysis of the
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indicators110. The timing of RSV activity by Fourier analysis was similar between the two

indicators analyzed and showed regional differences. This study reinforces the importance of

adjusting the immunization period for high risk with the monoclonal antibody palivizumab

taking into account regional differences in seasonality of RSV111.

In Brazil, RSV was found in 23.1-42.2% of the infants hospitalized for lower respiratory tract

diseases and was associated with 3.6% of the deaths112. The lack of data on the role of RSV

in the total number of hospitalizations and mortality by lower respiratory tract diseases in

children under 5 years, especially in developing countries, complicate the evaluation of the

global impact of the disease; therefore, it is difficult to better define the priorities and

investments needed for prevention and treatment. In Brazil, regional incidence specialties in

the seasonality of viral circulation were identified in the south (Porto Alegre), Southeast (Sao

Paulo), Northeast (Fortaleza) and North (Belem)113.

In Nigeria, amongst children utilizing Ibadan's primary and secondary healthcare facilities,

the prevalence of RSV was reported to be 34.6%. Both subtypes of HRSV were detected (co-

circulating) among the study group. None of the children was co-infected with HRSV A and

B, overall. Higher disease severity scores were associated with HRSV-A infection than

infection with HRSV-B114. In another study, the prevalence of RSV infection was 34.2% and

its peak was in the rainy months115.

2.8 The Metabolic Cycle of Viruses

The fusion of the respiratory syncytial virus with the plasma membrane allows it to enter the

cell. The G protein of the RSV binds to a specific long, unbranched polysaccharide of the

extracellular matrix made up of disaccharide subunits known as GAGs during the initiation

step. GAGs frequently have a role in how different viruses and cells interact116. The F protein

then engages in an interaction with the RhoA protein to facilitate the virus's attachment.
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RhoA's precise function is uncertain, however it may serve as a receptor for the fusion

protein or contribute to viral infection. In the cytoplasm, viral gene expression and replication

take place. The nucleocapsid and genome of the virus are released once it has entered the

cytoplasm. The genomic RNA manufacturing process is controlled by the M2-2 gene from

transcription to production117. The genes are subsequently translated into mRNAs by the

start-stop-restart synthesis once the polymerase enters the genome at its 3 end. As a result,

there is a polar transcription gradient, in which the genes upstream of the promoter are

transcribed more frequently than the upstream genes. The antigenome, which serves as a

template for genome synthesis, is created during replication from the entire positive-sense

RNA complement of the genome. The N protein, which serves as the template for RNA

synthesis, is constantly coated on both the genome and the antigenome118 by interacting with

the nucleocapsid proteins N, P, and M2-1 as well as the envelope proteins F and G, the M

protein controls the assembly of the RSV. The newly synthesized proteins then begin to self-

assemble and budding also takes place, obtaining a membrane-derived envelope.

2.9 Signs and Symptoms of RSV

Signs and symptoms of RSV infection most commonly appear about four to six days after

exposure to the virus. In adults and older children, RSV usually causes mild cold-like signs

and symptoms119.

These may include:
 Congested or runny nose
 Dry cough
 Low-grade fever
 Sore throat
 Sneezing
 Headache
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In Severe Cases

RSV infection can spread to the lower respiratory tract, causing pneumonia or bronchiolitis-

inflammation of the small airway passages entering the lungs. Signs and symptoms may

include:

 Fever

 Severe cough

 Wheezing - a high-pitched noise that's usually heard on breathing out (exhaling)

 Rapid breathing or difficulty breathing-the person may prefer to sit up rather than lie

down

 Bluish color of the skin due to lack of oxygen (cyanosis)

Infants are most severely affected by RSV.

Signs and symptoms of severe RSV infection in infants include:

 Short, shallow and rapid breathing

 Struggling to breathe - chest muscles and skin pull inward with each breath

 Cough

 Poor feeding

 Unusual tiredness (lethargy)

 Irritability

Most children and adults recover in one to two weeks, although some might have repeated

wheezing. Severe or life-threatening infection requiring a hospital stay may occur in

premature infants or in anyone who has chronic heart or lung problems120.

Usually 2-8 days after exposure, the illness starts with a runny nose and loss of appetite. One

to three days later, fever, coughing, and sneeze may appear. There may also be wheezing121.



42

The most common signs of infection in very young infants may be irritability, a decline in

activity, and breathing issues. Most infants with RSV infection who are otherwise healthy do

not need to be hospitalized. The majority of the time, especially in patients who require

hospitalization, full recovery from illness happens in between one and two weeks122. RSV

infections frequently result in appointments with the doctor. During these visits, the

healthcare professional will evaluate the disease's severity to decide whether the patient needs

to be hospitalized. Infants may need more oxygen, suctioning of mucus from the airways, or

intubation (having breathing tubes put) with mechanical ventilation in the most severe cases

of disease123. RSV infections in premature babies, infants, and kids with diseases that affect

the lungs, heart, or immune system, can lead to other, more serious illnesses such as

pneumonia or bronchiolitis124.

2.10 Contagious Nature of Respiratory Syncytial Virus

Respiratory syncytial virus is highly contagious. It spreads through droplets containing the

virus when someone coughs or sneezes125. It also can live on surfaces (like counters or

doorknobs) and on hands and clothing. So people can get it if they touch something that’s

contaminated. RSV can spread quickly through schools and childcare centers. Babies often

get it when older kids carry the virus home from school and pass it to them126. Almost all kids

have had RSV at least once by the time they are 2 years old. RSV infections often happen in

epidemics that last from late fall through early spring. Respiratory illness caused by RSV-

such as bronchiolitis or pneumonia-usually lasts about a week, but some cases may last

several weeks127.
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Risk Factor for RSV

 Premature babies

 Older adults, especially those 65 years and older

 People with chronic lung disease or certain heart problems

 People with weakened immune systems, such as from HIV infections, organ

transplants, or specific medical treatments like chemotherapy

Bronchiolitis

Bronchiolitis is a lower respiratory tract infection that can result from RSV. It commonly

affects those under 2 years old.

The airways become inflamed and infected. The following symptoms may occur:

 Fever

 Dry, persistent cough

 Feeding problems

 Wheezing

Most cases are not serious, but if the child has difficulty breathing or feeding, if they have a

high temperature, or if they seem tired or irritable, you should call a doctor128.

Hospitalization of RSV Infection

Early birth perinatal chronic lung disease (perinatal CLD) congenital heart disease (CHD) with

hemodynamic significance birth weight below the 10th percentile, in particular, Congenital or

acquired immunodeficiency in infants. Down syndrome (trisomy 21) and other chromosomal

anomalies or malformations Idiopathic pulmonary disease Muscular dystrophy liver illness

Inborn metabolic mistakes Preterm birth, chronic lung disease (CLD) of prematurity, and

hemodynamically severe congenital heart disease (CHD) are well-established host risk factors
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for hospitalizations.). Low birth weight is another risk factor for RSV hospitalizations,

specifically birth weight below the 10th percentile129. Infants with inherited or acquired

immunodeficiencies are also susceptible to life-threatening illness. Trisomy 21 (Down

syndrome), other chromosomal abnormalities, malformations, neuromuscular disease, liver

disease, and inborn errors of metabolism have also been linked to a double fold increased risk

of hospitalization as a whole, with individual frequency ratios spanning from 1.5 for

encephalocele to 4.3 for cystic fibrosis 130. Prematurity of birth and underlying medical

conditions raise the risk of hospitalization as well as of clinical disease manifestations that are

more severe, as shown by a higher frequency of the need for mechanical ventilation, admission

to the ICU, lengthier hospital stays, and higher mortality rates131.

Even though the aforementioned risk factors increase the likelihood of hospitalization, at least

half of all newborns hospitalized for RSV infection were previously healthy and did not have

any of these known medical risk factors.131.Young age (6 weeks to 6 months), male sex, siblings

or other children living in the home, especially when they are older than the index child and

already attending daycare or school, the infant's attendance at daycare, exposure to

environmental tobacco smoke, particularly maternal smoking during pregnancy and lactation, as

well as male gender are the most frequently and consistently identified risk factors in this

group132.

2.11 Neuromuscular Disease

There was a significant difference in the attributable mortality between children with

neuromuscular disease and controls (5.5% versus 0.2%). Similarly, an observational study

confirmed that infants between 29- and 32-weeks' GA with neurological disease were twice as

likely to require prehospitalization with RSV as were preterm infants without impairment133.

The study involved 1541 patients across 14 pediatric hospitals in Germany who were
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hospitalized at a median age of 14 months. Children with neuromuscular impairments had a

nine-fold increased risk of seizures with a five-fold increased risk for ventilation compared

with the control group134.

2.12 Infants with Down Syndrome

A few risk factors that increase the likelihood of adverse outcomes for infants with Down

syndrome if they contract RSV include relative hypotonia, congenital cardiac disease, mid-

face hypoplasia with smaller airways, pulmonary abnormalities with a decreased total number

of alveoli and corresponding alveolar surface area, increased risk of pulmonary hypertension,

and imbalances and alterations in cellular and humoral immunity135. Infants with Down

syndrome who are born without a cardiac defect are more likely to be admitted to the hospital

before turning two years old with RSV (overall incidence 7.6% versus 0.7% in sibling

controls); this risk rises to 11.9% when there is substantial heart disease 136,137.

2.12.1 Cystic Fibrosis

Individuals with cystic fibrosis (CF) experience recurrent flare-ups of pulmonary infection and

inflammation with a startling tendency for Pseudomonas species colonization of the airways.

Using fluorescence cytometric assays, it was shown that Pseudomonas species adhered to

epithelial cells more readily in vitro when RSV infection had already occurred and more

strongly in cell monolayers when RSV was added concurrently. RSV is thought to encourage

pseudomonal attachment to RSV glycoprotein G, according to the authors. RSV infections are

more common in CF patients under the age of two who also have chronic138.

2.12.2 Immunodeficiency
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Immunocompromised children, especially those with cell-mediated immune abnormalities, have

higher rates of morbidity and mortality (varying from 1.7% to 40%, extended viral shedding, and

greater illness severity during lengthy hospital stays. They also have trouble clearingRSV infection139.

2.12.3 Aboriginal Children

Rates of LRTI in Inuit and First Nations children are generally several fold higher than their

non-aboriginal counterparts140. RSV-specific admission rates for Inuit infants of all GAs are

166/1000 infant-years on Baffin Island (Nunavut) and 328/1000 to 512/1000 infant-years for

infants younger than six months of age living in remote communities. RSV admission rates

for preterm and term Alaska Native infants from the Yukon Delta are 317/1 000 and 1-78/1

000, in comparison to the average of 25/1000 to 30/1000 US children, respectively. Exposure to

smoke, smoking while pregnant, a lack of access to health care, poverty, crowded living

conditions, prematurity and younger ages, adoption, discontinuation of breastfeeding, and

perhaps a genetic predisposition are risk factors that have been linked to this demographic

globally141.

2.13 Total Burden of RSV Infections

The total burden and hospitalization rates for RSV-associated respiratory infections are

difficult to estimate because routine testing to determine the viral etiology is not performed in

an outpatient setting and is not even recommended for hospitalized cases in US guidelines

because the results of virology would not affect management142. RSV is estimated to have

caused 33.8 million episodes of acute LRT1, 3.4 million episodes of severe acute LRTI

requiring hospitalization, and at least 66,000 deaths in children under the age of five globally,

with the majority of severe cases and fatalities occurring in children under the age of two and

fatalities being significantly more common in developing countries. These estimates are based

on data from published and unpublished studies with widely varying methodologies143. There
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is a lot of variety in the reported hospitalization rates, but it's not apparent yet whether this is

primarily due to methodological variations or actually reflects regional differences in the

frequency of severe RSV infections.

Population-based active surveillance of laboratory-confirmed RSV infections in the US alone

has produced estimated hospitalization rates of 17–18.5/1,000 babies under the age of six

months and 5.1–7.4/1,000 in infants between the ages of six and eleven months for the years

2000–2004144. Children under the age of five had an overall rate of 3/1,000 to assess rates

against those reported from other industrialized nations). The rates for visits to the emergency

room and pediatric doctors' offices linked to RSV infections were 28/1,000 and 80/1,000,

respectively, in the same study145. Take note that all of these rates varied significantly both

annually and regionally. Extrapolated to the full US population, it is projected that 2.1 million

children under the age of five need medical care each year for RSV infection, with 3% of them

being admitted to hospitals, 25% receiving care in emergency rooms, and 73% visiting

pediatric offices. The fact that over two thirds (61%) of outpatient visits involve children

between the ages of 2 and 5 and that more than three quarters (78%) of patients requiring

medical care for RSV infections are older than 1 year is particularly significant146.

RSV-associated hospitalization rates have been somewhat elevated, with estimates ranging

from 23.4 to 27.4/1,000 in infants less than 1 year from hospital discharge data147. Infants under

6 months old had frequencies that were significantly higher (44.5/1,000 live births) than infants

between 6 and 11 months (24.2/1,000)148. For the years 1997 to 2006, according to another

investigation, the rates for infants aged 0 to 2 months were 48.9, those aged 3 to 5 months were

28.4, and those aged 6 to 11 months were 13.4. The highest frequencies were observed in

Native infants residing in Alaska and the Southwest, with rates of 70.9 and 48.2 per 1,000 for

RSV hospitalizations, respectively. This is particularly noteworthy because American Indian
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and Alaska Native infants are hospitalized much more frequently due to RSV infection than the

general US infant population149. Hospitalization rates for RSV bronchiolitis and pneumonia,

when broken down by type of illness, were 24.2 and 3.0 per 1,000 births, respectively. For

newborns of American Indian and Alaska Native descent, the equivalent rates of bronchiolitis

were 54.54 and 43.4 per 1,000, respectively. Given that the aforementioned data pertain to the

years 2000–2001, when RSV hospitalization rates in the Yukon Delta were found to be the

lowest recorded between 1994 and 2004150, at least for Alaska Native newborns, this appears to

reflect a considerable underestimating of the typical yearly hospitalization rates. The overall

frequency was 178/1,000 from 1994 to 1997, and it dropped to 104/1,000 from 2001 to 2004

partly because fewer premature high-risk newborns were admitted to the hospital with RSV

following the introduction of Palivizumab treatment. Additionally, extremely high rates of

hospitalization for bronchiolitis, particularly RSV bronchiolitis have been observed in Canadian

Inuit newborns151.

Although more recent data indicate a proportion of 19.5%, bronchiolitis of any origin

accounted for 16.4% of hospitalizations in infants under 1 year of age in the US in 1996 (an

increase of around three times compared to 1980)152. Bronchitis is the discharge diagnosis in

45-85% of RSV hospitalizations, with some of the highest percentages coming from recent

US surveillance and hospital discharge data. On the other hand, RSV is the cause of 50–80%

of bronchiolitis hospitalizations. More particular, RSV makes up 70-75% of the virus-positive

samples153, and a virus is detected by (RT)-PCR in 75-95% of infants under 2 years’ old who

are hospitalized with bronchiolitis. It's interesting to note that the proportion of RSV does not

significantly change depending on whether sampling is done across a number of years, a single

full year, or simply during one or more RSV seasons19. This clearly demonstrates that RSV is

the most common reason for bronchiolitis hospitalizations, but it also emphasizes that other

viruses, such as rhinovirus, hMPV, corona, parainfluenza, and influenza viruses, boca virus,
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and AdV, can cause bronchiolitis.154. In patients with RSV, hMPV, or rhinovirus infections, the

proportion of patients with a discharge diagnostic of bronchiolitis is comparable. Although

some data suggest that picornaviruses, including rhinovirus, are the most frequent etiological

agent in acute respiratory illnesses requiring hospitalization even in this population, the overall

hospitalization rates for these viruses generally are significantly lower than RSV-associated

disease in infants 1 year of age155. The most common cause of acute respiratory illness and

LRTI in general, according to prospective community-based studies from Wisconsin, Western

Australia, and the UK, is now rhinovirus; in contrast, RSV is still the most common viral agent

in LRTI, especially bronchiolitis severe enough to require hospitalizations.1.2 Atopy has been

connected to rhinovirus-associated wheezy respiratory tract disease, and children in two of

these groups were at increased risk of acquiring it156. As a result, these cohorts might not

accurately reflect the general population. However, picornaviruses (which include rhinovirus)

were also found to be the most common cause of acute respiratory episodes, including LRTI in

unselected cohorts157.

2.14 Diagnosis of RSV

In clinical pediatric practice, rapid confirmation of RSV infection in the lab leads to a

decrease in the need for auxiliary testing, a reduction in the usage of antibiotics, and shorter

hospital stay158. In order to rule out alternative causes and prevent delayed diagnosis,

laboratory diagnosis is especially necessary for children with atypical clinical presentations,

such as respiratory distress or sepsis-like syndrome, and in premature newborns with non-

specific symptoms159. It is crucial to quickly identify infants who are affected in hospital

wards in order to implement the proper infection control measures and stop nosocomial

outbreaks since RSV is contagious. In order to be proactive for preventative programs and to
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evaluate the effectiveness of antiviral prophylaxis160. There are further justifications for viral

testing, such as research and epidemiological RSV activity monitoring161.
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Co-infection of RSV

RSV and Influenza A and B

Influenza A virus (IAV) is a pathogen that causes the flu in birds and some mammals,

including humans162. It is an RNA virus whose subtypes have been isolated from wild birds.

Occasionally, it is transmitted from wild to domestic birds, and this may cause severe disease,

outbreaks, or human influenza pandemics. Each virus subtype has mutated into a variety of

strains with differing pathogenic profiles; some may cause disease only in one species but

others to multiple ones. A filtered and purified influenza A vaccine for humans has been

developed and many countries have stockpiled it to allow a quick administration to the

population in the event of an avian influenza pandemic163. Influenza B virus is known only to

infect humans, pigs and seals. This limited host range is apparently responsible for the lack of

associated influenza pandemics in contrast with those caused by the morphologically

similar influenza A virus as both mutate by both antigenic drift and re-assortment164. There

are two known circulating lineages of Influenza B virus based on the antigenic properties of

the surface glycoprotein hemagglutinin. The quadrivalent influenza vaccine licensed by

the CDC is currently designed to protect against both co-circulating lineages and has been

shown to have greater effectiveness in prevention of influenza caused by Influenza B virus

than the previous trivalent vaccine165.

Respiratory viral infections are caused by a diverse group of viruses, including influenza A

and B viruses (IAV and IBV), severe acute respiratory syndrome virus 2 (SARS-CoV-2),

respiratory syncytial virus (RSV), and human rhinovirus (HRV)166. Respiratory syncytial

virus (RSV) and influenza viruses are two respiratory viruses associated with significant

morbidity and mortality worldwide. RSV is a leading pathogen causing acute lower

respiratory tract infection (ALRTI) in all age groups, primarily infants and young toddlers,
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while the influenza virus affects all age groups. The activity of both innate and adaptive

immune systems against both viruses is very well documented. Innate immunity against these

viruses includes, among others, the interferon-stimulating gene (ISG) pathway, which

triggers the expression of the interferon-induced protein with the tetratricopeptide (IFIT)

family of proteins167.

In humans, IFIT1–3 proteins form a complex with each other to inhibit translation of viral

mRNA molecules. IFIT1 acts as a sensor that identifies specific viral single-stranded RNAs

and selectively inhibits viral protein synthesis without affecting host cell protein

synthesis168,169. While IFIT1 is known to specifically recognize the viral mRNA, it has been

suggested that IFIT2 and IFIT3 facilitate the binding of the IFIT1: complex structure to the

viral mRNA. IFI44 is also an ISG and its expression is induced following infection with

different viruses. However, less is known about IFI44 function against these viruses. In

influenza virus-infected cells, IFI44 is upregulated and was found to regulate the innate

immune responses by negatively modulating interferon response pathways to control

exacerbated immune reaction170.

2.14.1 Laboratory Diagnosis of RSV

The identification of the virus, viral antigens, or virus-specific nucleic acid sequences in

respiratory secretions allows for the precise diagnosis of RSV infection. The sensitivity and

specificity of all currently available viral detection tests are significantly influenced by the

kind and quality of the clinical specimen171. It has been shown that compared to a

nasopharyngeal swab specimen, a nasal wash or nasopharyngeal aspirate is more sensitive in

detecting RSV. But taking a nasopharyngeal swab is much less painful for the patient, doesn't

require any specific tools, and may be done in an outpatient environment172. Utilizing the

recently developed flocked-nasopharyngeal-swabs, which efficiently loosen and gather virus-
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infected cells lining the nasopharynx, considerably enhances the swab specimen quality and

boosts the clinical specimen's diagnostic yield173. Currently available laboratory methods for

the detection of RSV include tissue culture virus isolation, detection of viral antigens by

enzyme-linked immunosorbent assays (EIAs) or direct or indirect immunofluorescent

staining (DFA/IFA), and detection of viral nucleic acids by amplification assays, primarily

reverse transcription polymerase chain reaction (RT-PCR)174 .

Respiratory Syncytial virus primary infection is thought to be almost always symptomatic,

although statistics point to the possibility that this may not be the case175. From a minor infection

of the upper respiratory tract (URTI) or Otitis media to a serious and potentially fatal lower

respiratory tract involvement (LRTI), there are a variety of clinical symptoms. Bronchiolitis is the

most typical LRTI in newborns with RSV infection, but pneumonia and croup are also prevalent.

Babies between the ages of 2 and 6 months are most at risk for involvement of the lower airways,

which occurs in 15–50% of babies and young children with initial RSV infection and needs

hospitalization in 1-3% of the annual birth cohort 176.However, in other areas, infants between the

ages of 6 and 11 months or even kids between the ages of 1 and 2 are known to have the highest

prevalence of LRTI. In ~5-10 % of hospitalized newborns, the condition is severe enough to need

admission to the intensive care unit (ICU). newborns born in developed nations who were

previously healthy have few deaths, but newborns and children from developing nations and

people with chronic diseases like heart disease or lung disease have considerably higher mortality

rates177.

RSV reinfections are seen in 30–75% of children under the age of two who had an infection

during the first year of life, and they typically happen during the following season169. The severity

of the epidemic determines the rate of reinfection once more. The disease is typically

symptomatic in young children, even in secondary infections, but the severity gradually lessens
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with repeated exposures, with fewer kids reporting fever, middle-ear effusions, or bronchiolitis

or other lower respiratory illnesses178. RSV is a major cause of morbidity and mortality in these

populations, accounting for bronchitis and wheezing in around 25% of symptomatic elderly and

frail people179. Nonetheless, individuals with impaired immune systems, chronic cardiac

conditions, and tracheobronchitis are also susceptible to a significant involvement of the lower

respiratory tract. Although reinfections are still common throughout life, LRTI symptoms are

typically absent or limited to the upper respiratory tract in older children and adults.

Bronchitis is the most typical symptom of RSV LRTI, although there is no consensus on how to

define this condition. The phrase is most frequently used to describe an acute viral LRTI in

children or babies under the age of 24 months that starts with rhinorrhea and progresses to a dry,

wheezy cough, tachypnea, dyspnea, and frequently subcostal, intercostal, and supraclavicular

retractions180. There may be a fever, but a high fever is unusual. Very young and preterm

newborns may exhibit apnea. On auscultation, these clinical symptoms are accompanied by

wheezing and/or fine inspiratory crackles. While numerous crepitations are regarded as the

hallmark of bronchiolitis in the United Kingdom, Australia, and other parts of Europe,

only wheezing would be classified as induced wheeze caused by virus in North America

and certain regions of Europe. Some medical professionals advise restricting the

diagnosis of bronchiolitis to the first wheezing episode181.

Acute bronchiolitis is diagnosed clinically based on the presence of the normal respiratory

symptoms, which may also include tiredness, irritability, and poor food intake. The hyperinflation

and patchy atelectasis may be visible on a chest X-ray. Although X-ray results may be useful in

distinguishing between pneumonia and bronchiolitis, X-rays are not always necessary and should

only be used in cases of diagnostic uncertainty182. It should be noted that a lot of epidemiological

studies, especially those from developing nations, now refer to any RSV LRTI as pneumonia
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because bronchiolitis and pneumonia are hard to tell apart clinically or radiographically. Although

routine use is not advised due to the minimal risk of dangerous bacterial infections in infants with

bronchiolitis, even if they are febrile, bacteriological testing may be beneficial in cases of

diagnostic ambiguity183. When a patient is admitted to the intensive care unit (ICU), the risk of

bacterial infection increases. Although experts dispute on whether supplementary oxygen should

be started at an oxygen saturation of 92 or 90%, pulse oximetry is advised for all patients arriving

to the emergency room. Even though some advocate routine rapid antigen testing for RSV to direct

cohort arrangements, the American Academy of Pediatrics (AAP) guidelines do not advocate

routine virological testing because the results of such tests rarely change management choices but

do find it to be helpful when cohorting is desired184.

While RSV infection can still be confirmed by viral culture, direct or indirect immunofluorescence,

ELISA, and antigen detection are not universally available for all respiratory viruses185. Reverse

transcription-polymerase chain reaction (RT-PCR) for RNA viruses and polymerase chain reaction

(PCR) for DNA viruses are therefore increasingly used in epidemiological studies to determine the

viral etiology. It is the only method for the detection of some recently discovered viruses, such as

the human metapneumovirus (hMPV) and Boca viruses, and it has significantly increased the

detection frequency of rhinovirus, parainfluenza virus, and adenovirus (AdV)186. However, this

does not significantly improve the detection frequency of RSV unless it is combined with

hybridization. However, there is still disagreement on how to interpret positive RT-PCR results

given that a sizable proportion of samples taken from asymptomatic individuals without signs of

recent respiratory infections are positive by RT-PCR187.

2.14.2 Detection of Viruses using Cell Culture

For a very long time, RSV isolation in tissue culture was regarded as the most accurate

method for confirming a possible RSV infection. However, this method takes an average of 3
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to 6 days before the impact of syncytial cytotoxicity manifests188. This is in addition to the

technical knowledge in adequate specimen management for optimal viral recovery. The

sensitivity of the tissue culture approach is considerably increased by shell vial spinning

cultures followed by DFA or immunoperoxidase labeling with virus-specific monoclonal

antibodies, which reduces the time required for virus detection to 1 to 2 days188.

The cell culture method is beneficial because it has a higher sensitivity than rapid antigen

detection kits. and also allows for further antigenic and genetic characterization of the

amplified virus, which can be used for the detection of epidemiologically significant

mutations or for the confirmation of nosocomial spreading by sequencing189.

2.14.3 Identification of Antigens

Chromatographic and optical immunoassays ,enzyme immunosorbent assays (EIA), direct

immunofluorescence assays (DFA), are a few examples of antigen detection assays190. The

advantage of the DFA is the pattern of immunofluorescence displayed by the infected cells

may be directly inspected by microscopy, providing more evidence of specificity. The DFA

utilizes fluorescein-labelled antibodies that detect RSV antigen in epithelial cells in

respiratory secretions. RSV-specific antibodies will gather any RSV antigen that is present in

the EIA, and a second enzyme-linked antibody will identify it191. The procedures for antigen

testing kits are simple, and the results appear promptly. They are frequently employed in

clinical practice due to these factors. In comparison to cell culture, the current kits for

detecting antigens for pediatric specimens have sensitivities of 72 to 94% and specificities of

95 to 100%. Nevertheless, detection rates for EIA in older children and adults are incredibly

low, with sensitivities ranging from 0 to 20%. This is most likely due to significantly lower

viral titre and shorter virus shedding in a categories of patients with RSV reinfections192.

Antigen detection kits' specificity can be greatly decreased, particularly if they are used
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outside of epidemic times when the virus is less common in the community and the false

positive rate is higher. Nucleic acid amplification assays are more sensitive and specific than

other approaches, despite several attempts to increase the sensitivity and specificity of

antigen detection kits193.

2.14.4 Tests on Nucleic Acids

Regardless of the patient group studied, nucleic acid assays have completely transformed the

diagnostic processes in virology and are the most sensitive and specific approaches for RSV

identification. Research comparing nucleic acid testing to viral isolation in cell culture and to

antigen detection techniques have shown improved sensitivity, which increases detection

rates for children with respiratory illnesses by around a factor of two194. When a young child

has an initial infection, they typically shed a lot of RSV over an extended period of time. Due

to the presence of secretory and humoral virus-specific antibodies, which influence the level

of viral replication, virus is shed in lesser quantities for shorter periods of time with an

increasing number of recurrent infections. As a result, many investigations have noted a

decline in the effectiveness of RSV detection with increasing patient age. However, due to

the reduced virus generation in elderly patients, molecular diagnostic techniques are

unquestionably also more sensitive for older age groups195.

Ag-ELISA, semi-nested RT-PCR, and virus isolation with consideration for the patient's age

are used to detect the respiratory syncytial virus in NPAs. The reverse transcription

polymerase chain reaction (RT-PCR) was the first and most widely utilized nucleic acid-

based assay among the several nucleic acid amplification methods. The RSV genome has

been amplified using multiple internal PCR techniques over the past ten years, and an

increasing number of commercial RSV NAT kits are also currently easily accessible196.
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Real-time PCR procedures, for instance, are one of the new PCR techniques that have been

created. The simultaneous performance of amplification and detection is made possible by

real-time PCR assays that use fluorescent probes like Taqman, molecular beacons, and

scorpion probes, which significantly speed up RT-PCR and have a turnaround time of just a

few hours197. Additionally, protocols have been developed for the simultaneous amplification

of RSV and a number of other respiratory viruses that exhibit comparable clinical

symptoms.Multiplex PCR methods like these may detect numerous respiratory viruses

concurrently, either in parallel detection in a single PCR cycle or within a single tube. It was

discovered that up to 50% of RSV infections in newborns and up to 10%–30% of respiratory

disease patients constitute mixed infections of two or more respiratory viruses using very

sensitive monoplex or multiplex PCR techniques. There is ongoing debate regarding how a

coinfection affects the clinical course of the condition. Some research have found that the

identification of two respiratory viruses compared to one has a considerably higher risk of

more severe illness or admission to a pediatric intensive care unit, but other studies have

found the opposite to be true198.

Real-time PCR's ability to quantify viral nucleic acids in a sample is a significant advantage.

Because respiratory specimens cannot easily be standardize, particularly in regards to the

quantity of virus or virus-infected cells within specimens and the non-standardized dilution of

samples199, When it comes to respiratory tract infections, the diagnostic utility of determining

viral loads is still unresolved. In terms of RSV, greater viral loads appear to be associated

with a more severe clinical course of the illness and an increased risk of wheezing recurrence.

Quantitative RT-PCR may be used to distinguish between the virus that is truly causing an

acute respiratory sickness in a patient and viruses that are simultaneously detected but do not

have a direct link to the clinical symptoms200.
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2.14.5 RSV-Specific Antibody Determination (Serology)

The diagnosis of acute RSV infection cannot be done by testing for virus-specific antibodies.

Despite severe Infection with RSV, a serologic reaction is typically not detected in newborns.

The infant's own antibody response is hardly detectable in the presence of maternally derived

antibodies, repeated infections are usually not associated with a detectable antibody response,

even in older children and patient groups, and even with sophisticated testing for the

identification of class-specific antibodies. The primary aims of screening for RSV-specific

antibodies are seroepidemiologic data gathering and research201

2.15 Transmission of RSV

RSV patients typically remain contagious for 3 to 8 days. However, certain young children

and those with compromised immune systems may remain contagious for up to four weeks.

RSV can spread quickly to other people202. RSV can be transferred when an infected person

coughs or sneezes into the air and releases droplets containing the virus. These droplets may

persist in the air for a short while, and if someone breathes them in or they come into contact

with their nose, mouth, or eyes, they may infect them. Direct and indirect contact with nasal

or oral secretions from infected people can also cause infection. Kissing a child with the RSV

virus on their face, for instance, can result in direct contact with the virus203. If the virus gets

on a doorknob or other environmental surface and is then touched by other persons, it may

cause indirect contact. People typically contract a virus directly or indirectly when they touch

an infectious discharge and then rub their eyes or nose. RSV can spend a long time on hard

surfaces like bed rails and tables. RSV generally survives for a shorter period of time on soft

surfaces like tissues and hands204. RSV infection is spread by coming in contact with big

droplets of infected people's nasopharyngeal secretions. The conjunctiva, nose, and mouth

mucosal surfaces are where the virus enters the body. It can be spread directly or indirectly
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by touch and can persist for up to 7 hours on porous and non porous exteriors similar to

plastic toys and clothing205.
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2.15.1 Immune Response to Acute RSV Infection Viral Immune Evasion Mechanisms

RSV re-infections are frequent throughout life, despite the fact that antigenic variation among

RSV strains is very low in comparison to other respiratory viruses, suggesting that the

immune system's protective response is insufficient and transient. This is at least in part

because RSV, like other viruses, has evolved a variety of defense mechanisms to circumvent

or trick the host immune response206. The G protein is highly glycosylated, which has been

found to obstruct antibody recognition. The G protein, along with the F protein, is the sole

RSV antigen generating neutralizing antibodies. The ability to manufacture the G protein in

both its full-length membrane-bound and shortened secreted forms is another immune

evasion strategy. The released protein could confuse antibodies that would otherwise

neutralize it207. Additionally, the G protein has a CX3C motif in its core conserved region,

giving it the capacity to communicate with the CX3CR1 receptor and engage in chemotactic

activity akin to that of fractalkine (CX3CL1). It is unclear from the available data whether

this affects or improves leukocyte recruitment to the infected lung in vivo208. As compared to

priming with the F protein, which activates both CD4+ and CD8+ T cells and causes both

type 1 cytokines and lung inflammation, sensitizing mice with recombinant vaccinia

virus expressing the RSV G protein followed by an RSV challenge activates primarily CD4+

T cells and induces eosinophilia in the context of a Th2-dominated immune response.

Interleukin (IL)-4 and IL-10 are also produced by human RSV G protein-specific T-cell

lines, but the cytokine profile of F protein-specific T-cell lines is Thl-dominated and

comparable to that induced by live virus. This suggests that the RSV G protein may be able

to suppress cellular immunological reactions209. Additionally, there is evidence that the G

protein can inhibit inflammatory responses by opposing signaling via toll-like receptors

(TLRs). RSV can also infect dendritic cells (DCs), developing them but reducing their

capacity to activate naive T cells and deliver antigen. This alters the cytokine milieu through
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a variety of processes. These include the release of an inhibitory factor and the inability of

DCs and naive T cells to create an immunological synapse. Additionally, type I IFNs, which

are crucial for the removal of the virus, can be inhibited by the NS1 and NS2 proteins of

RSV210.

2.15.2 Undeveloped Infant’s Immune System

The first few months of life are when primary RSV infection most frequently occurs.

Despite the fact that under some circumstances the immune systems of newborns and early

babies can produce responses like those of adults, both innate and adaptive immune

responses are frequently marked by quantitative or functional impairments211. Neonatal,

young infant, and kid macrophages frequently exhibit significantly reduced cytokine output

when compared to adult macrophages. This is caused, at least in part, by pathogen-

associated pattern recognition receptors' lower expression or their diminished upregulation

upon activation.

Compared to adults, newborns have less DC and a different distribution of subsets. Due to

decreased expression of MHC class I and II and co-stimulatory molecules as well as decreased

secretion of cytokines, specifically IL-12p70, they exhibit symptoms of impairment in antigen

presentation and T cell stimulation212. The most notable aspect of neonatal T cell responses is

their remarkable plasticity, which ranges from a relative lack of sensitivity to stimuli that elicit

powerful reactions in adult T cells to the ability to produce responses similar to those of adults if

and when the right stimuli are presented. However, CD4+ T cells frequently show a decreased

capacity to generate both Thl and Th2 cytokines. Specifically, it may take until adolescence for

the mitogen-induced and antigen-specific synthesis of interferon (IFN) y to reach adult levels213.

Although Th2 skewing has been found in newborn mice and in human neonatal responses to

environmental allergens, it has not been firmly proven that it occurs in human virus infections
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despite this low IFNy-producing capacity. While newborns may occasionally display suboptimal

CD8+ T cell responses, it is undeniably true that they are capable of maturing cytotoxic T

lymphocyte (CTL) responses to distinctive antigens, including viruses214.

Although greater antibody titers to specific vaccines have been found in some situations, neonatal

B cell antibody production is frequently characterized by delayed initiation, decreased peak liters,

and shorter longevity215. Additionally, after coming into contact with their corresponding antigen,

newborn B cells do not exhibit many somatic hyper mutations, which lowers the affinity and

decreases the heterogeneity of the antibody repertoire. The fact that only people who are

immunocompromised due to immunodeficiency diseases, chemotherapy, or immunosenescence

experience severe lower respiratory tract involvement with RSV infection after the age of 2 years

suggests that the immune system's immaturity in early childhood is a significant contributor to the

frequent occurrence of LRTI during first RSV infection216. The typical human immune response

to an initial RSV infection is poorly understood. There are various reasons for this. One reason is

that lab confirmation is typically only sought in the most serious conditions that necessitate

hospitalization, which may not be indicative of the milder disease encountered in the vast

majority of patients. Additionally, because primary RSV infections happen at such a young age,

sampling is typically restricted to non-bronchoscopic BAL fluid taken from patients who are

mechanically ventilated as well as nasal lavage or nasopharyngeal aspirates (NPA) that are

routinely taken for diagnostic or therapeutic purposes. As a result, experimental models provide

the majority of the knowledge currently known on the human immune response to RSV

infection217.

RSV infection mostly affects bronchial and bronchiolar ECs, especially ciliated ECs218.

Immortalized respiratory epithelial cell lines are the most widely used in vitro models for

investigating the reactions of airway EC to RSV infection. However, there is mounting proof
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that their reactions to an RSV infection differ significantly from those of primary airway ECs.

These differences include different viral replication kinetics, lower viral titers, lowered

cytotoxic responses, and decreased production of pro-inflammatory cytokines. Additionally,

primary respiratory ECs maintain the donor characteristics, i.e., they appear to accurately

mimic the range of human sensitivities to RSV infection219.

The most accurate in vitro model to explore the interaction of RSV with host cells is

probably well-differentiated human airway epithelial cultures220. When cultured at an air-

liquid interface, primary human respiratory ECs develop into polarized pseudostratified

airway epithelium that has all the cell types and possesses all the morphological and

functional traits of healthy respiratory epithelium, including mucus production, ciliary

motion, and cytokine and chemokine production. This model has been utilized to confirm

that RSV selectively targets polarized epithelial cells and infects the airway epithelium

from the apical side, as was earlier observed in autopsy studies221. The virus also starts to

budding and release from the apical surface, where it is then propagated by ciliary motion.

Patchy infection is the consequence, indicating that not all ciliated cells are vulnerable to

RSV infection. It has been shown that this model captures many of the characteristics of

severe RSV infection in human infants, including apoptosis and sloughing of ECs, mucus

hypersecretion due to goblet cell hyperplasia or metaplasia, and the production of various

chemokines and cytokines222. However, there is some disagreement regarding the extent of

cytopathology induced by RSV infection, including syncytia formation.

Although nucleoli has recently been found as a good candidate the RSV receptor has not yet been

identified223The early response to RSV is known to be mediated by a number of extracellular and

intracellular pattern recognition receptors, including TLRs 2, 3, 4, and 7, RNA helicases, including

retinoic acid-inducible gene I, and possibly nucleotide-binding oligomerization domain-like
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receptors224. Airway ECs can produce a variety of cytokines and chemokines, including

macrophage inflammatory protein-la (MlP-la, CCL3), monocyte chemo-tactic protein-1 (MCP-1,

CCL2), RANTES (regulated on activation, normally T cell-expressed and secreted, CCL5), eotaxin

(CCL11), IL-8 (CXCL8), monokine induced by IFNy (M1G, CXCL9), l.P-10 (CXCL10),

fractalkine (CX3CL1), but also the proinflammatory cytokines IL-1/3, IL-6, and TNFa, upon

infection in Vitro218. Regarding the ability of RSV to trigger airway ECs' production of the antiviral

cytokine IFN, contradictory results have been found. The differences in the results could be

attributed to the use of epithelial cell lines rather than primary human ECs, which have varied

reactions to infection with the same RSV variant. Epithelial cells from different donors exhibit

significant variation in their cytokine and chemokine responses to infection with the same RSV

strain, and both constitutive production and upregulation following RSV infection depend on the

location of the epithelial cells in the airways225. Individual strains of RSV also differ significantly in

their capacity to induce some of these cytokines and chemokines. Alveolar macrophages have the

ability to increase the release of chemokines and cytokines from bronchial ECs as well as to

contribute to their production, either in response to a brief infection or in response to activating

signals received from these cells. There are numerous recombinant hosts used in animal models of

human RSV illness, however they are only moderately receptive to hRSV infection.226 They

include chimpanzees, rhesus monkeys, lambs, cotton rats, mice, and guinea pigs. Although there

isn't yet conclusive proof that RSV persists in humans, guinea pigs are a bit uncommon in that they

can develop persistent or even latent infections. Additionally, there are a number of pneumoviruses

that closely resemble human RSV, including bovine RSV (bRSV), ovine RSV, and the mouse

pneumonia virus227. The homology between bRSV and hRSV over the whole genome is around

80%. Polyclonal antibodies that target hRSV typically detect bRSV proteins. The prevalence of

the most severe sickness in young (6-month-old) people and the less severe disease in older

animals are just a few of the characteristics that bRSV shares with hRSV. Since BRSV is a virus
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for calves and as a result causes a condition that is almost equivalent to RSV in young human

children, the bovine model has an advantage over mouse models in this regard. The bRSV

model's pathological and clinical traits are reported.

Due to their simplicity in housing and handling, the availability of numerous transgenic and

gene-deletion mice, as well as immunological reagents for defining immunopathological

pathways, inbred laboratory mouse strains are the most often utilized models of hRSV

infections228. The lung structure of mice is simpler than that of humans, and the more

pronounced clinical symptoms of disease in mice, such as weight loss, lethargy, and ruffled

fur, are non-specific. However, mice are at best semi-permissive hosts. Although some RSV

strains may not cause AHR, acute RSV infection in mice can cause airway obstruction and

AHR that can be detected by whole-body plethysmography. But even the most tolerant mouse

strain, BALB/c, needs a very high intranasal inoculum to cause AHR (often 106 or 107 PFU).

For comparison, mature people can become infected with as few as 1,000 PFU of an inoculum.

Depending on the size of the inoculum, peak viral titers in the airways or lungs of mice are

visible 4-5 days after inoculation, and the virus becomes undetectable by plaque assay by day

7 or 8 postinfection229.

2.16 Genomic Predisposition to Serious RSV Infection

When stricter documentation requirements were used, the estimated heritable

contribution to susceptibility for severe RSV sickness increased to 22%230. This emerged

from an examination of concordance for RSV hospitalization in dizygotic and

monozygotic Danish twin pairs. The discovery that the same RSV strain can cause

symptoms ranging from mild upper respiratory symptoms to severe LRTI in the same

season is another strong indicator of a genetic influence on illness severity. Gene

polymorphisms, particularly those that result in altered expression or function of the gene
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product, would support the involvement of the particular gene product in RSV-induced

pathology231. Additionally, the different responses of different mouse strains to HRSV

infection offer additional evidence of a genetic contribution in susceptibility to severe

disease.

The risk of severe RSV disease was discovered to be primarily connected with the innate

immune gene after 347 single nucleotide polymorphisms (SNPs) were evaluated in 437

Dutch infants who needed hospitalization due to RSV infection and 1008 controls.232. The

five genes VDR (vitamin D receptor), JUN (encoding the Jun proto-oncogene, a

transcriptional regulator), IFNA5 (encoding IFN-5), NOS2A (encoding inducible nitric

oxide synthase), and FCERIA (encoding high-affinity IgE receptor-subunit) had the

highest level of significance and associations at both the allele and genotype level. Later,

it was shown that preterm children were overrepresented in the case sample and that 11 of

the 347 SNPs under examination, nine of which were linked to genes encoding mediators

of innate immunity, significantly affected the risk of premature birth233. Notably, six of

these SNPs—IL27, C3, NFKBIA, and TGFBRI, which are protective, and IFNG and

ADAM33, which increase risk—showed relationships with severe disease exclusively in

premature children. ILIRN (encoding the IL-I receptor antagonist), however, increased

the risk for term children while acting as a protective factor in the group with premature

births. A variant of IFNAR2 was linked to protection in term infants but not in preterm

infants, while a variant of IFNA13 raised the risk exclusively in term infants234. In the

overall study cohort, the last gene had not demonstrated a meaningful connection. It

should be noted that the odds ratios (ORs) found in these and other research typically

range from 1.2 to 1.8 for risk alleles or genotypes and are infrequently lower than 0.7 for

protective alleles or genotypes, indicating that each genetic relationship contributes very

modestly to the overall risk. In black South African children, the relationship of severe
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RSV disease with the Thrl Met SNP in the VDR gene, as seen in the Dutch multigene

analysis, was confirmed, while the importance of particular genotype associations varied

significantly in the two cohorts235.
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2.17 Prevention of RSV

Ideally, people with cold-like symptoms should not interact with children at high risk for

severe RSV disease, including premature infants, children younger than 2 years of age with

chronic lung or heart conditions, children with weakened immune systems, or children with

neuromuscular disorders. If this is not possible, they should carefully follow the prevention

steps mentioned above and wash their hands before interacting with such children. They

should also refrain from kissing high-risk children while they have cold-like symptoms236.

Parents of children at high risk for developing severe RSV disease should help their child,

when possible, do the following

 Avoid close contact with sick people

 Wash their hands often with soap and water for at least 20 seconds

 Avoid touching their face with unwashed hands

 Limit the time they spend in childcare centers or other potentially contagious settings

during periods of high RSV activity. This may help prevent infection and spread of

the virus during the RSV season

The best primary preventative tactics continue to be washing hands after handling a patient or

avoiding contact with those who are exhibiting respiratory symptoms. Depending on the

situation, using alcohol-based hand rubs, antimicrobial soap, or soap and water to wash your

hands is okay. Before being sent home after delivery, parents or other caregivers should

receive counseling on these precautions237. Education should aggressively promote the health

benefits of breastfeeding in the general prevention of infections and RSV disease as well as

the avoidance of exposure to smoke from cigarettes. Both in congested homes and in the

hospital setting, infection spreads swiftly. Because it frequently affects kids with currently
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present morbidity, nosocomial RSV infection is linked to higher mortality than community-

acquired disease 238.

2.18 Control Measures

Healthy adults and infants infected with RSV do not usually need to be hospitalized. But

some people with RSV infection, especially older adults and infants younger than 6 months

of age, may need to be hospitalized if they are having trouble breathing or are dehydrated. In

the most severe cases, a person may require additional oxygen, or IV fluids (if they can’t eat

or drink enough), or intubation (have a breathing tube inserted through the mouth and down

to the airway) with mechanical ventilation (a machine to help a person breathe). In most of

these cases, hospitalization only lasts a few days. Routine RSV entrance screening, increased

sanitation of the hands, and cohort nursing with personal protective equipment (PPE) eye

protection, nose and face masks, laboratory coats and gloves) are all examples of control

measures239.

2.19 Immunization

It would be ideal to prevent the significant load of RSV that occurs in the first year of life

through maternal vaccination or vaccination of the infant. Unfortunately, none of the potential

infant vaccines are close to commercialization240. Due to safety issues that surfaced during

clinical trials of a formalin-inactivated Fl-RSV vaccine in the 1960s, researchers were

reluctant to investigate inactivated vaccines, which contributed to the difficulties in developing

an infant RSV vaccination. Two infants died as a result of that vaccine, which caused

recipients to develop more serious RSV sickness. Two live attenuated vaccines that have

recently showed some promises are being evaluated, while subunit vaccinations are currently

being tested on adults. The reader is directed to thorough summaries of the difficulties in

developing an RSV vaccine241.
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Infant RSV hospitalization can be prevented with passive immunization; however, this method

is not widely available due to its high cost and rigorous monthly intravenous dosing schedule.

A genetically modified humanized monoclonal antibody called palivizumab has been

available in Canada since 1999, and it is routinely administered to some high-risk newborns in

all provinces. In a multicenter RCT 242, the product's efficacy and safety were demonstrated.

Over the course of the RSV season, infants received five monthly injections of palivizumab

(15 mg/kg) or a placebo. Palivizumab was used in a comparable, large-scale RCT in patients

with hemodynamically severe heart disease that also showed reductions in RSV

hospitalization. Following the regulatory approval of palivizumab prophylaxis in North

America as a result of these critical trials, regular prophylaxis for high-risk children was

subsequently advised globally 243. All newborns less than 36 weeks GA who live in remote

northern rural communities without access to medical care, as well as full-term Inuit infants,

are also advised to receive prophylaxis, according to the Canadian Paediatric Society244.

2.20. Brief History of Respiratory Viruses of Importance to This Study

RSV was discovered in 1956 when researchers isolated a virus from a population of

chimpanzees with respiratory disease. They gave the virus the name Chimpanzee Coryza

Agent (CCA). In 1957, the same virus was identified by Robert M. Chanock in children with

respiratory disease. Human antibody studies in infants and children showed that the infection

occurred in the early stages Life was common. The virus was later renamed Human

Orthopneumovirus or Human Respiratory Syncytial Virus (hRSV). Several other

pneumoviruses bear close similarity to hRSV. BovineRSV (bRSV) shares approximately

80% of its genome with hRSV. It also shares hRSV's predilection for young animals, causing

more severe disease in calves younger than six months. Because bRSV-infected calves have
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almost identical symptoms to hRSV-infected children, they have proven to be an important

animal model in RSV research245.

The influenza A virus (IAV) is an age-long pathogen that causes influenza in birds and some

mammals, including humans. It is an RNA virus whose subtypes were isolated from wild

birds. Occasionally, it is transmitted from wild birds to domestic birds, which can result in

serious illness, outbreaks, or influenza pandemics in humans. Each virus subtype has mutated

into a variety of strains with different disease profiles; Some can cause disease in only one

species, others in several245.

The influenza B virus is the only species of the genus Betainefluenzavirus in the virus family

Orthomyxoviridae. The influenza B virus is known to only infect humans, pigs and seals.

This limited host range appears to be responsible for the lack of associated influenza

pandemics, in contrast to those caused by the morphologically similar influenza A virus, as

both mutate by both antigenic drift and assortment. There are two known circulating lineages

of influenza B virus based on the antigenic properties of the surface glycoprotein

hemagglutinin. The lineages are referred to as B/Yamagata/16/88-like and B/Victoria/2/87-

like viruses. The CDC-licensed quadrivalent influenza vaccine is currently designed to

protect against both co-circulating lineages and has been shown to be more effective in

preventing influenza caused by the influenza B virus than the current trivalent vaccine. To

further mitigate the effects of this virus, influenza B viruses evolve slower than A viruses and

faster than C viruses in humans. Influenza virus B mutates two to three times slower than

type A. Nevertheless, it is believed that the influenza B virus could cause significant

morbidity and mortality worldwide and have a significant impact on adolescents and school

children.
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Coronavirus disease 2019 (COVID-19) is a contagious disease caused by the SARS-CoV-2

virus. The first known case was identified in Wuhan, China, in December 2019. The disease

quickly spread worldwide, leading to the COVID-19 pandemic. Symptoms of COVID-19

vary but often include fever, cough, headache, fatigue, difficulty breathing, loss of smell and

loss of taste. Symptoms can appear one to fourteen days after exposure to the virus. At least a

third of those infected do not develop any noticeable symptoms. Of those who develop

symptoms significant enough to be classified as patients, most (81%) develop mild to

moderate symptoms (up to mild pneumonia), while 14% develop severe symptoms (dyspnea,

hypoxia or more than 50% lung involvement on imaging) and 5% develop critical symptoms

(respiratory failure, shock, or multiorgan dysfunction). Older people are at higher risk of

developing severe symptoms. Some people experience a range of effects (long COVID) years

after infection and organ damage has been observed. Multi-year studies are underway to

further investigate the long-term effects of the disease. COVID19 is transmitted when

infectious particles are inhaled or come into contact with the eyes, nose, or mouth. The risk is

highest when people are in close proximity. However, small airborne particles containing the

virus can become suspended in the air and spread over longer distances, especially indoors.

Transmission can also occur when people touch their eyes, nose or mouth after touching

surfaces or objects contaminated with the virus. People remain contagious for up to 20 days

and can spread the virus even if they don't develop symptoms.

2.21. Immune Response in Respiratory Infections

The respiratory system is constantly exposed to the external environment and therefore must

be prepared to respond to and eliminate pathogens. Viral clearance and resolution of infection

requires a complex, multifaceted response initiated by resident respiratory tract cells and

innate immune cells and ultimately resolved by adaptive immune cells. Although an effective
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immune response is essential to eliminate viral pathogens, a prolonged or exaggerated

response can damage the respiratory system. Immune-mediated lung injury manifests

clinically in different ways depending on the location and extent of the injury. Thus, the

antiviral immune response represents a balancing act between elimination of the virus and

immune-mediated lung injury246.

Almost all cells in the body have mechanisms to recognize viruses (and other microbial

pathogens) through pattern recognition receptors (PRRs), which recognize pathogen-

associated molecular patterns (PAMPs), or molecules that are associated with viral and

microbial pathogens but are not normally present in host cells. PRRs important for virus

detection include Toll-like receptors (TLRs), retinoic acid-inducible gene I (RIG-I), NOD-

like receptors (NLRs), and other cytosolic virus sensors. Although these receptors are

expressed in many cell types, their activation in respiratory epithelial cells, which are

typically among the first cell types to become infected, is critical for limiting virus spread and

alerting the immune system to respond to the infection. Activation of PRRs in these cells by

viral infection triggers the production and release of type I and III interferons (IFNs) and

other proinflammatory mediators (e.g., cytokines, chemokines, and antimicrobial peptides)

that stimulate the host's innate and adaptive immune response trigger246. Thus, the degree of

PRR activation throughout the respiratory tract ultimately influences the degree of immune

cell recruitment and release of proinflammatory mediators and subsequently any resulting

immunopathology246.

2.22.1 Interferon Response

Type I IFNs (IFN- and IFN-) many different types of cellular sensors can detect viruses and

induce the expression of type I IFNsIFN- and IFN-. Type I IFNs bind to the ubiquitously

expressed IFNAR (IFN/receptor) and thus activate the JAK/STAT signaling pathway. Viral
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entry receptor Common symptoms Clinical complicationsRhinovirus ICAM-1 or LDL

Rhinorrhea, runny nose, sneezing, sore throat, cough respiratory disease, bronchitis. Common

coronavirus. Strain-specific fever, rhinorrhea, runny nose, sneezing, sore throat, cough. Mild

to moderate upper respiratory tract disease. Adenovirus strain-specific penton. Fever,

rhinorrhea, runny nose, sneezing, sore throat, cough, pink eye, diarrhea, bladder infections

Mild to moderate upper respiratory illness, croup, tonsillitis. Seasonal flu. Sialic acids. Fever,

rhinorrhea or nasal congestion, runny nose, sore throat, cough, headache, myalgia. Mild to

moderate upper respiratory tract disease, bronchitis, croup. RSV nucleolin fever, rhinorrhea,

runny nose, sore throat, cough, wheezing, shortness of breath. Mild to moderate upper

respiratory tract disease, bronchitis, bronchiolitis, croup. Enterovirus D68, sialic acids

alpha2-6, rhinorrhea, sneezing, cough, mouth blisters, myalgia; Wheezing and dyspnea in

more severe cases. Mild to moderate upper respiratory tract disease, bronchitis, bronchiolitis,

pneumonia. Influenza pandemic Alveolar damage, acute respiratory distress syndrome,

respiratory failure.

SARS-CoV ACE2 fever, chills, cough, shortness of breath, dyspnea, myalgiaRapidly

progressive pneumonia, diffuse alveolar damage, severe acute respiratory distress syndrome,

respiratory failure, fibrosis.

MERS-CoV CD26 fever, chills, runny nose, sore throat, nonproductive cough, sputum

production, shortness of breath, dyspnea, headache, vomiting, diarrhea, myalgia. Rapidly

progressive pneumonia, diffuse alveolar damage, severe acute respiratory distress syndrome,

respiratory failure, septic shock and multi-organ failure

2.22.2 Epithelial Cell

Cytokines, chemokines, and other factors discussed in this section are also secreted by many

types of immune cells (discussed later) and therefore cause similar pathological or protective
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effects. Cytokines Airway epithelial cells secrete a variety of cytokines, chemokines,

antimicrobial peptides, and other factors in response to viral infection. Cytokines beyond the

IFNs produced by the airway epithelium include interleukin-6 (IL-6), tumor necrosis factor

(TNF-), granulocyte colony-stimulating factor (G-CSF), and granulocyte-macrophage-CSF

(GMCSF). IL-6 and TNF- are potent proinflammatory cytokines that modulate many types of

immune cells. IL-6 facilitates the transition from innate to adaptive immune response by

reducing neutrophil activity while promoting monocyte and T cell recruitment, differentiation

and activity. High IL-6 levels correlate with disease severity, but attenuation of IL-6

signaling can lead to uncontrolled viral replication and therefore higher mortality. TNF

impairs viral replication, increases cytotoxic activity and cytokine production by leukocytes,

and activates endothelial cells245.

Elevated TNF levels have been associated with higher morbidity during infection with highly

pathogenic viruses, and the blocking activity of TNF- attenuates immune-mediated pathology.

G-CSF and GM-CSF both induce the differentiation of myeloid lineage cells. G-CSF

stimulates the production, differentiation, proliferation and survival of neutrophils, thereby

mobilizing one of the first responder neutrophils. GM-CSF stimulates the proliferation and

differentiation of various types of immune progenitor cells. In the lung, GM-CSF induces the

expansion and activation of pulmonary DCs and macrophage immune responses, which are

required for an effective T cell response and viral clearance. Mice lacking GMCSF signaling

are highly susceptible to respiratory viral infections, and exogenous delivery of GM-CSF is

protective246.

2.22.3 Chemokines

Chemokines produced by the airway epithelium stimulate the migration of both innate and

adaptive immune cells to the lung. IL-8/CXCL8 recruits neutrophils to the lung, stimulates
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degranulation and subsequent release of cytotoxic and inflammatory mediators, and may

support neutrophil survival. Elevated IL-8 levels are associated with the pathogenesis of

acute respiratory distress syndrome (ARDS) as tissue damage is likely caused by excessive

release of neutrophil proteases and reactive oxygen species (ROS). IP-10/CXCL10 stimulates

chemotaxis of T cells, NK cells and monocytes and additionally promotes monocyte and DC

activation along with other cytokines. CXCL10/IP-10 may be protective in some cases as

neutralization of IP-10 worsens disease caused by respiratory viral infection. In other cases,

CXCL10/IP-10 may contribute to extensive leukocyte recruitment, leading to an increased

inflammatory response and immune-mediated lung injury246.

2.24. RSV and its Proteins

In vitro, 95% of the virus's offspring remains attached to the cell surface as particles that

appear to be incomplete in budding. In the process of generating virus stocks, infected cells

are often exposed to freeze-thawing, sonication, or vortexing to release attached virus.

Ninety-five percent of the virus progeny in vitro stay affixed to the cell surface as particles

that don't seem to be fully budding. Infected cells are frequently subjected to freeze-thawing,

sonication, or vortexing in order to release associated virus during the process of creating

virus stocks. RSV is a moderately sized (~150 nm) enveloped virus. There are certain

filamentous strains of particles, despite the majority being spherical239,240 .The envelope

including viral glycoproteins and a matrix protein encases the helical nucleocapsid holding

the DNA. The RSV virion's components include a nucl, however doing so increases cellular

contamination and decreases infectivity244. Particle instability and aggregation lead RSV to

lose infectivity rapidly during handling and freeze-thawing; however, excipients such as

sucrose can help mitigate this problem246. There is indirect evidence that the glycoproteins on

the surface, especially F, are involved in instability247, 248. The particle's long filamentous
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form is also thought to make it fragile. The RSV envelope comprises three viral

transmembrane surface glycoproteins: the large glycoprotein G, the fusion protein F, and the

small hydrophobic SH protein. The non-glycosylated matrix M protein is present on the

envelope's inner surface. The viral glycoproteins exist as separate homo-oligomers, which

appear as short (11-16 nm) surface spikes. RSV lacks neuraminidase or hemagglutinin

activity, and F is heavily sialylated, likely because of the lack of a neuraminidase. There are

four nucleocapsid/polymerase proteins: the nucleoprotein N, the phosphoprotein P, the

transcription processivity factor M2-1, and the large polymerase subunit L (Fig. 5).
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Figure: 2.5

Source247
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This binding has the potential to modify cellular chemotaxis and decrease immune cell

migration into infected people' lungs249. Moreover, G protein modifies the host immune

response by obstructing the signaling of many toll-like receptors, such as TLR4241249.

Surface protein F (fusion protein) is responsible for fusion of viral and host cell membranes,

as well as syncytium formation between viral particles22. Its sequence is highly conserved

between strains242. While viral attachment appears to involve both F and G proteins, F fusion

occurs independently of G249 F protein exists in multiple conformational forms239,241. In the

prefusion state (PreF), the protein exists in a trimeric form and contains the major antigenic

site Ø239. Ø serves as a primary target of neutralizing antibodies in the body241. Following

attachment to its target on the surface of the host cell (although the specific binding agent

remains unclear), PreF undergoes a structural alteration resulting in the loss of Ø239, 241. This

transformation allows the protein to integrate itself into the host cell membrane, leading to

the merging of the viral and host cell membranes239. A final change in structure yields a more

stable and elongated form of the protein (PostF, or post-fusion)241. In contrast to the RSV G

protein, the RSV F protein activates toll-like receptor 4 (TLR4), initiating both the innate

immune response and signal transduction239, 249. The total number of proteins identified in

RSV, including the two surface glycoproteins, is 11, and these proteins are further delineated

in the table below.

2.25. RSV Replication Cycle

2.25.1. Entry of RSV and its Host Binding Receptors

RSV virion entrance into host cells is primarily initiated by the fusion of the virus and host

cell membranes, as well as the coupling of virions with host cell surface components. Three

structural proteins-SH, G, and F-are encoded to locate on the surface of the virus, as was

mentioned earlier. The RSV SH protein is not necessary for in vitro infection. Consequently,

https://en.wikipedia.org/wiki/Antigen
https://en.wikipedia.org/wiki/Neutralizing_antibody


81

the next sections focus on important developments in understanding the interaction between

RSV G and F proteins and a host cell. The primary function of the viral G protein is to

interact with host cell adhesion molecules to attach virions to the cell surface250. Peripheral

membrane protein Annexin II is expressed on endothelial cells in different tissues and organs

and performs a variety of functions on the cell surface. For example, in a calcium-dependent

way, annexin II has a significant affinity for phospholipids on the surface of endothelial cells

treated with EGTA. Annexin II seems to increase the cancer cells' adherence to hepatic

sinusoid endothelial cells on metastatic lymphoma cells229. Moreover, tenascin C, an

extracellular matrix component, binds robustly to annexin II on gliomas and endothelial cells,

provoking migration, cell proliferation, and focal adhesion loss243. Annexin II has also been

identified as a prospective RSV receptor, binding to the RSV G protein in Hep2 cells, an

interaction that can be obstructed by the selectin antagonist TBC1269251. The occurrence of

RSV infection in immortalized cell lines may be facilitated by the presence of Heparan

sulfate proteoglycan (HSPG) and other glycosaminoglycans (GAGs) on the host cell surface,

which can promote the binding of positively charged residues found in the heparin-binding

domain (HBD) of the RSV G protein. A study also shows, in Hep-2 cells that were infected,

the G protein expressed by an RSV virion had a molecular weight of 95 kDa after

glycosylation, while its polypeptide skeleton had a molecular weight of 32 kDa252. On the

other hand, in HBE culture, which had both laboratory-adapted strains and clinical isolates of

RSV subgroups A and B, a G protein with higher levels of glycosylation and a greater

molecular weight of 170 kDa was produced, as reported by a study253. Nonexistence of

Heparan sulfate proteoglycans (HSPG) on the surface of human ciliated airway epithelial

cells resulted in a substantial reduction in the communication between G and HSPG in such

cells254. In contrast, in human airway epithelial (HAE) culture, CX3C chemokine receptor 1

(CX3CR1) located on the top surface of ciliated cells binds with CX3CL1, causing adhesion
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and movement. A study has confirmed the association between host CX3CR1 and RSV G. In

culture, a non-neutralizing monoclonal antibody (mAb) against the CX3C motif of the viral G

protein could prevent RSV from effectively infecting. Moreover, CX3CR1-deficient mice

were significantly less vulnerable to RSV infection than CX3CR1-expressing mice255.

The surface of RSV contains a significant glycoprotein known as the F protein, which is

categorized as a class I fusion protein. This protein is a trimer that is anchored to the RSV

membrane via a transmembrane domain and is under a high level of tension. The binding

receptors of the F protein have been extensively researched and analyzed. Toll-like receptor 4,

which is a member of the Toll-like receptor family and a pattern recognition receptor, is a

receptor known to be sensitive to lipopolysaccharide (LPS) from gram-negative bacteria. It

has been demonstrated that TLR4 can trigger the activation of the innate immune system,

including the intracellular NF-κB signaling pathway and inflammatory cytokines256. The

persistence of RSV replication was found to be longer in TLR4-deficient mice compared to

normal mice, indicating that the expression of TLR4 plays a crucial role in regulating RSV

replication in vivo and also modulates the innate immune response of monocytes to generate

IL-6 in response to exposure to RSV F protein Intercellular adhesion molecule-1 (ICAM-1), a

type 1 glycoprotein in the immunoglobulin superfamily that binds to the RSV F protein and is

required for viral infection and reproduction, facilitates RSV infection and entry into human

epithelial cells257,258. Furthermore, a study found that fusion of host-virus membranes might

result by interaction between the RSV F protein and the epidermal growth factor receptor

(EGFR), which is located on the apical surface of bronchial epithelial cells259. Another

study260, discovered that in vitro, the F protein of RSV interacted with nucleolin (NCL) of

host cells and selectively attached to NCL present on the apical cells' surface. The authors

utilized confocal microscopy to demonstrate that RSV virions and NCL were colocalized at

the surface of the cultured cells. The researchers observed a significant reduction in the
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colocalization of RSV and NCL proteins on the cell surface when NCL-specific antibodies

were preincubated with the cells260. In a separate study, it was found that NCL and TLR4

levels that were colocalized with the F protein increased in the early stages of infection and

then decreased. Despite being the most extensively examined receptor among those

mentioned previously, NCL has been demonstrated to engage with numerous other viruses,

such as HIV-1, human parainfluenza virus type 3, enterovirus 71, human influenza A, and

rabbit hemorrhagic disease virus261-265. These results indicate that NCL might function as a

co-factor of the RSV F protein rather than serving as a principal binding receptor. Recently,

Griffiths et al. identified insulin-like growth factor 1 receptor (IGF1R) as a novel RSV

receptor, which could provide new insights into RSV entry into the host266.

The RSV G protein begins to enter the cell through the process of endocytosis. RSV G

protein is required for the activation of ATP1A1, a Na+/K+ transport subunit alpha 1. This

process is triggered by RSV infection. Consequently, EGFR is transactivated by c-Src

tyrosine kinase through phosphorylation at Tyr845267. The signals that follow EGFR cause

actin to reorganize, causing the plasma membrane to wrinkle and allowing fluids and RSV to

be absorbed by means of macropinosomes that protrude from the membrane. The viral

envelope carrying RSV enters the large, liquid-filled macropinosomes, promoting fusion

between RSV and host membranes and ultimately allowing RSV to enter the host cell. San-

Juan-Vergara et al. suggested that the penetration of RSV into primary NHEB cells is

instigated by RSV binding to plasma membrane constituents that are rich in cholesterol,

promoting the semifusion of the RSV envelope and the plasma membrane. Complete fusion

occurs during endocytosis in the endosome268. Krzyzaniak et al. contend that the entry of

RSV particles is governed by the interaction of the RSV F protein with EGFR, leading to the

activation of the signal cascade of PI3K, PAK1, and downstream effectors in the host cells.

They argue that this sequence of signals results in a succession of disruptions, including actin
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reorganization, the formation of vesicles in the plasma membrane, and a notable rise in fluid

absorption, which prompts macrophage-driven internalization. In macropinosomes where

Rab5 is functional, the RSV F protein is cleaved for the second time through the activity of a

furin-like enzyme that does not require acid, eventually penetrating the host269. Recently, a

study proposed that the bond between the RSV F glycoprotein and IGF1R activates protein

kinase Cζ (PKC zeta), which in turn facilitates the movement of NCL from the nucleus to the

plasma membrane, thereby boosting the adhesion and penetration of RSV virions into host

cells 239, 266. The corresponding experiments demonstrated that inhibiting PKCζ lowered RSV

infection to the same degree as blocking the interaction between RSV and NCL.

2.25.2. Pathogenesis of RSV

Collins and Graham 270 state that RSV can spread through the air, by contact with an infected

person's mouth, nose, or eyes, or by touching contaminated objects. According to another

study, RSV may live for a long time on a variety of surfaces, including skin, gloves, furniture,

and textiles260. This suggests that RSV is extremely contagious. Pneumonia or bronchiolitis,

an inflammation of the bronchioles inside the tiny airways, can result after an RSV infection.

Pneumonia caused by RSV in children can cause respiratory symptoms as fever, chills,

nausea, wheezing, chest pain, and other respiratory problems271,272.

Similarly, bronchiolitis caused by RSV is characterized by coughing, fever, wheezing,

dyspnea, tachypnea, and fatigue273. As these illnesses can be life-threatening, infants with

severe RSV symptoms require hospitalization to receive essential medical treatment.

Once RSV enters the oral or nasal cavities, it immediately invades the upper respiratory tract

airway epithelial cells (AECs), before moving on to the lower respiratory system and

penetrating the bronchioles, where viral replication is more efficient, as evidenced by studies

in mice and newborn respiratory tissues274-276. The primary cells that RSV targets are the
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ciliated cells in the bronchial epithelium and the type 1 pneumocytes in the alveolus277.

Additionally, using in vitro cultures, RSV has demonstrated its ability to infect intraepithelial

dendritic cells (DCs) and basal epithelial cells of the conductive airways278. As a result, RSV

has a diverse range of cellular reservoirs within the human host's respiratory tract that aid in

its pathogenesis, leading to symptoms such as fever, fatigue, and rapid breathing. Research

using an in vitro AEC model has shown that RSV infection is confined to small clusters of

ciliated apical cells or non-contiguous groups of cells within the epithelium of large

airways279. As the infection worsens, RSV leads to the loss of ciliation, occasional

development of syncytium, and hypersecretion of mucus. These effects can result in the

formation of thick plugs in the bronchiolar lumen in vivo280. Additionally, RSV has the

ability to separate apical AECs in living organisms, which exposes nociceptive nerve fibers

and triggers a cough response281.

Well-differentiated primary pediatric bronchial epithelial cells (WD-PBEC) offer a good in

vitro representation for investigating RSV infection. Because WD-PBECs have intact tight

connections and a polarized pseudostratified multilayered epithelium made up of ciliated,

goblet, and basal cells, it is possible to replicate the morphological, physiological, and

functional characteristics of the respiratory tract in an in vitro model280,281. Unlike post-

mortem lung samples obtained from RSV-infected individuals, RSV infection in the WD-

PBEC in vitro model does not result in extensive airway epithelial damage282. Subsequent

investigations conducted in vitro revealed that despite the majority of ciliated cells being

infected with RSV, the monolayer of cells remains intact. Other studies corroborate these

findings and indicate that the highest level of RSV infection in ciliated cells is observed on

the fourth day following infection (p.i.) and substantially diminishes by the eighth day p.i.282.

This suggests that immune-cell-mediated mechanisms are not necessary to clear RSV-

infected ciliated cells from the epithelium between days four and eight p.i. In addition, WD-
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PBEC cells exhibited ciliated cell detachment and death, consistent with histopathological

investigations of infants with fatal RSV, where bronchiolar epithelial cells exhibited caspase-

3 activity279. According to a study, an in vitro study revealed that ciliated cells infected with

RSV die when they detach from the epithelium282. Sick individuals, especially hospitalized

newborns, experience blockages in the lower airways due to RSV-infected AECs that have

shed from the airway epithelium274, 275. In a study, RSV NS2 was identified as the viral

protein responsible for promoting the rounding and sloughing of infected ciliated cells, as

demonstrated through the use of RSV gene deletion mutants and gain-of-function

experiments involving recombinant PIV3-NS2 expressing RSV NS2282. Furthermore, using

an in vivo model, a study demonstrated that excessive mucus production is a characteristic of

RSV pathogenesis239. Although RSV does not infect goblet cells or stimulate them to secrete

mucus, it does impact the basal cells of the airway epithelium, which differentiate into

mucus-secreting cells according to an in vitro culture model282. The discovery of goblet cell

hyperplasia in the lungs of patients with fatal RSV infections suggests that RSV indirectly

triggers mucus production in the bronchial lumen by promoting goblet cell proliferation279.

As a result, RSV infection of the respiratory tract leads to the formation of mucus plugs and

detachable ciliated AECs, as well as a significant reduction in mucociliary transport (MCT),

which normally expels mucus plugs from the airways in less than five days. Therefore, the

accumulation of these plugs in the bronchial lumen is responsible for the viral agent's

pathogenesis283. Consequently, RSV infection causes necrosis of the airway epithelium,

edema of the submucosa, and blockage of the bronchial lumen276, 277,284.

Recently, it has been demonstrated that the production of Interleukin (IL)-33 and thymic

stromal lymphopoietin (TSLP), two crucial cytokines for the onset of allergic asthma, is

induced by RSV infection285, 286,287. Both in vivo and in vitro models have shown that the

production of these cytokines has a significant impact on RSV pathogenesis. As detailed in
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the subsequent section, TSLP and IL-33 release lead to an inflammatory environment that

results in increased mucus secretion, eosinophil and neutrophil counts, and higher levels of T

helper (Th) 2 cytokines such as IL-5 and IL-13288 in the lungs of RSV-infected individuals.

Simultaneously, there is a decrease in the total number of CD4+ and CD8+ T lymphocytes in

those with RSV infection289, 290. Recent studies have revealed that RSV infection triggers the

production of two cytokines, interleukin (IL)-33 and thymic stromal lymphopoietin (TSLP),

which play crucial roles in the development of allergic asthma291, 292,293,294. Using in vivo and

in vitro models, it was demonstrated that the generation of these cytokines significantly

influences RSV pathogenesis. In fact, the release of TSLP and IL-33 creates an inflammatory

environment that enhances mucus production, eosinophil and neutrophil counts, and levels of

the Th2 cytokines IL-5 and IL-13288 in the lungs during RSV infection. This matter will be

discussed in more detail in the following section. Additionally, RSV infection is accompanied

by a simultaneous decline in the overall number of CD4+ and CD8+ T cells290, 295.
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Chapter Three

Methodology

3.1 Study Site

The study took place at the Biorepository Clinical Virology Laboratory (BVCL) at the

University College Hospital, (UCH) Ibadan. The site was selected to be used for convenience

and because the samples used were well collected and properly stored.

3.2 Sample Design

The study is a retrospective cross sectional survey design. Age, sex and local Government

was obtained from the clinical records of selected participants.

3.3 Sample Participant

Stored samples of children aged 5 and below that tested negative for Covid-19 and older

adults’ samples 15-83 years who also tested negative for Covid -19 were used for the

experiment.

3.4 Sample Size

Sample size was calculated using the Leslie Kish formula for single proportions.

N= Z²pq/d²

Sample size= Z²pq/d²

Z= Standardized normal deviation which is always a constant (1.96) at 95% confidence

interval

Strains =85.7% =0.857% (Faneye 2004)
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Q =1-p (1-0.857) (0.143)/0.052

N= Z²pq = 1.96² X 0.857 X 0.143 = 188.32 approx. 188 with addition of 20% =206

d² 0.05²

The number of samples used for the analysis were 206.

3.5. Sample Collection

Archived samples stored frozen in -800c ultralow freezer (Nasopharyngeal and

Oropharyngeal) swab were obtained by gentle rubbing the deep nasal turbing bilaterally with

sterile cotton wool and from the posterior pharynx combined collected for COVID-19 at the

Biorepository Clinical Virology Laboratory (BCVL) was analyzed in the study.

3.6 Laboratory Procedures

Viral RNA was extracted directly from the samples using RNA easy Mini Viral RNA kit

(Qiagen). The samples were allowed to thaw at room temperature in a biosafety cabinet

observing the PPE, i.e. using lab coat, personnel slippers and gloves.5.6microlitre of carrier

RNA was added to 560 microliters of AVL buffer

560µl of prepared buffer AVL containing carrier RNA was pippeted into a 1.8ml Eppendorf

tube.140µl of samples was added to the buffer AVL-carrier RNA in the Eppendorf tube.

Pulse voltexing was done for 15s to ensure the sample lysis efficiently and the sample mixed

thoroughly with buffer AVL to get homogenous solution.

The mixture was incubated at room temperature for 10mins after which it was centrifuged to

remove drops from the inside of the lid. 560µl of ethanol (96%-100%) was added to the
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sample, and mixed by pulse vortexing for 15s, and also centrifuged for the same reason

mentioned earlier.

Exactly 560ul of the solution (Lysate) was carefully applied to the QI Amp Mini column (in a

2ml collection tube) without wetting the rim. The cap was closed, and centrifuged at 8000rpm

for 1min. The QIA amp, mini column was placed into a clean 2ml collection tube and the

tube containing the filtrate discarded.

In continuation, 500µl of buffer AW1 was added to the QIAamp Mini column, and

centrifuged at 12,000rpm for 1min to remove lysed cell wall from the solution. Waste liquid

was discarded and binding column placed back in another collection tube. 500µl of buffer

AW2 was added to the tube and centrifuged at 12000rpm for 3mins, the QLA amp Mini

column was then placed in a clean 2ml collection tube and centrifuge at a full speed for 1min

to dry the membrane completely.

The QI amp Mini column was placed in a new 1.5ml micro centrifuge tube, 60µl of buffer

AVE was added and incubated at 800rpm for 1minute. The extracted viral RNA was used for

reverse transcription and PCR Amplification. All the remaining RNA was stored at -20⁰c for

further use.

Real time PCR was carried out on the extracted RNA with the aid of Allplex fluorescence

PCR detection technology already designed by the manucfacturer using a standard procedure

with specific primers and probes for influenza A virus, Influenza B virus and Respiratory

Syncytial Virus respectively, so as to realize their rapid detection in the samples to be tested.

The Allplex Fluorescence kit was purchased from the Guangdong Huayin Medicine Science

Co, Ltd. Third floor zone, Guangdong science and technology innovation Base, 80 Lanyue

Road, Science Park High and new Tech. Development District, 510663 Guangdong province;

PEOPLE, s REPULBLIC OF CHINA FluA/Flu B/RSV RT-PCR Master Mix contains target
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gene primers, Probes, reaction buffer, dNTPs, Mg2+, Taq Enzyme, reverse transcriptase, in a

lyophilized powder x1 bottle.

The FluA/FluB/RSV positive control contains inactivated virus culture in a lyophilizedx1tube

the procedures will be carried out on ice.

The FluA/FluB/RSV Negative control will contain physiological saline in a 0.25ml x1tube

Redissolved diluent containing purified water in 1.40ml x 1tube

3.7 Reaction Preparation

The master mix was opened according to the arrow direction of the aluminum, plastic cover,

1ml of Redissolved diluent was added, strongly mixed on the vortex for more than one

minute and allow to stand for 30-60seconds until the liquid was clear and transparent. It was

sub packaged into PCR reaction tubes according to 20ul tubes.

Samples to be tested, InfA/InfB/RSV negative control was extracted simultaneously. The

positive control was Redissolved with 250ul of redissolved diluent and mixed well before

use.20ul of the redissolved RT-PCR master mix was added into each PCR reaction tube,5ul

of extracted samples including positive and negative controls was also added into each

corresponding PCR reaction tubes. After adding the samples, the PCR reaction tubes were

centrifuged for 15s on a palm centrifuge and then deliver to the nucleic acid amplification

region. If bubbles were found the tube wall were gently flicked to remove it and centrifuged

again. The FluA/FluB/RSV positive control contains inactivated virus culture in a

lyophilizedx1tube the procedures was carried out on ice.

The FluA/FluB/RSV Negative control contain physiological saline in a 0.25ml bottle



120

Table 3.1: Recommended Setting of Reaction Procedure

Steps Temperature(⁰c) Time Cycle

1. Reverse

transcription

50 10 min 1

2. Pre-

denaturation

95 2min 1

3. Denaturation 95 5s 45

4. Annealing,

extension and

fluorescence

collection

60 35s 45

5. Result

analysis

Source: Author’s Field Work, 2023
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The primers and probe was designed by the manufacturer of the kit following a standard

procedure.

Primer or probe Oligonucleotide sequence, 51-31 Target gene or region

InfA

Forward primer CAA GAC CAA TCY TGT CAC CTC

Reverse primer GCA TTY TGG ACA AAV CGT CTA CG

Probe TGC AGT CCT /ZEN/CGC TCA CTG GGC ACG Matrix protein

InfB

Forward primer TCC TCA AYT CAC TCT TCG AGC AGC G Nonstructural

protein

Reverse primer CGG TGC TCT TGA CCA AAT TGG

Probes CCA ATT CGA /ZEN/GCA GCT GAA ACT GCG GTG

nonstructural

Protein

RSV-A

(N gene)

Forward A21 5! GCTCTTAGGAAAGTCAAGTTGAA

Reverse A102 5! TGCTCCGTTGGATGGTGTATT

Probe APB48 5! ACACTCAACAAAGATCAACTTCTGTCATCCAGC

(N gene) RSV-B

Forward B17 5! GATGGCTCTTAGCAAAGTCAAGTTAA

Reverse B120 5! TGTCAATATTAT

GCCTGTACTACGTTGAA

Probe BPB45 5! TGATACATTAAATAAGGATCAGCTGCTGTCATCCA
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The published sequence of the N-gene for the RSV A2 Strain (Genbank assession number

M111486

3.8 Ethical Consideration

Ethical approval was obtained from the UI/UCH Research Ethics Committee UCH Ibadan

and Oyo State Ethics Committee Secretariat Ibadan. The information obtained was

confidentially handled by giving unique identifiers to each study participants. The identifiers

will be used e.g. AD001 for the first participant in adult while CH001 for the first participant

of children and subsequently like that. The identifiers will be used to analyze the data

obtained. Result template will be pass worded or kept from unauthorized access to the

research records

3.9 Data Management

Data obtained was processed and analyzed using statistical packages SPSS version 25. Result

was presented using descriptive statistics like means and percentages.
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Against Respiratory Syncitial Virus RSV and Associated risk Factors for Severe
Repistory Tract Infection in Pre-School Children in North-Central Nigeria, African
Journal Infect Dis, 8(2), 2014, 36-39.

2. B.O. Shu, K. Marie, W. Kirby, W.G. Davis, C. Warnes, J. Liau, J.M. Winchell,
Multiplex Real-Time Reverse Transcription PCR for Influenza A Virus, Influenza B
Virus, and Severe Acute Respiratory Syndrome Corona Virus, Journal of Emerging
Infectious Diseases, 27(7), 2021, 3. https ;//doi.org/10.3201/eid2707.2104612.
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Chapter Four

Results and Discussion of Findings

4.1 Results of Findings

4.2 Distribution of RSV, Influenza A and Influenza B among Children by

Sociodemographic Characteristics

The sociodemographic characteristics of the study population are highlighted in Table 4.4.

The study encompassed a diverse group of 106 participants, spanning an age range of 1 to 5

years. The mean age ± SD was 2.97 ± 1.620. None of the Infections considered was

statistically significant in the age groups considered as the P-value was greater than 0.05.

45.3% of children were male and 54.7% were female. All occurrence of Influenza B infection

was found among children (n=3). RSV occurred more in female children than in male

children. There was no statistically significant association between gender and outcome of

infection of RSV and Influenza B.

Location of study participants was grouped by senatorial districts: Oyo North (Kajola,

Iwajowa), Oyo Central (Egbeda, Lagelu, Oluyole, Akinyele) and Oyo South (Ibadan S/West,

Ibadan S/East, Ibadan North, Ibadan N/East, Ido). Majority of the participants were from Oyo

Central with 67.9%. All instances of prevalence of Influenza B and RSV occurred in Oyo

Central. There was no statistically significant association between location and outcome of

infection of RSV and Influenza B.
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Table 4.1: Prevalence of Infection Across Sociodemographic Groups

Source: Author’s Field Work, 2023

Feature Years No.
Participants
n (%)

INF. A Positive
Participants
n (%)

INF. B
Positive
Participants
n (%)

RSV Positive
Participants
N (%)

5 years 33 (31.4) 0 1 (3.0) 1 (3.0)

Age 4 years 6 (5.7) 0 0 0

3 years 21 (20.0) 0 1 (4.8) 0

2 years 15 (14.3) 0 0 1 (6.7)

1 year 30 (28.6) 0 1 (3.3) 1 (3.3)

p-value 0.916 0.827
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Table 4.2: Prevalence of Infection Across Gender in Children

Feature Gender No.
Participants n
(%)

INF. A
Positive
Participants
n (%)

INF. B
Positive
participants
n (%)

RSV Positive
Participants
N (%)

Sex Male 58 (45.3) 0 3 (100) 1(33.3)

Female 48 (54.7) 0 0 2(66.7)

p-value 0.250 0.589

Source: Author’s Field Work, 2023
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Table 4.3: Prevalence of Infection Across Oyo State in Study Participating Children

Location Senatorial
District

No.
Participants n
(%)

INF. A
Positive
Participants
n (%)

INF. B
Positive
participants
n (%)

RSV Positive
Participants
N (%)

Oyo North 2 (1.9) 0 0

Oyo Central 72 (67.9) 0 3 (100) 3 (100)

Oyo South 32 (30.2) 0 0 0

p-value 0.482 0.482

Source: Author’s Field Work, 2023
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4.3 Overall Prevalence of RSV, Influenza A and Influenza B among children

The molecular analysis of samples revealed that 2.8% (n = 3) of the study participants were

infected with Influenza B. Likewise, 2. 8% of participants were infected with RSV. There

was no infected participant for Influenza A. Data is presented on Table 4.4.
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Table 4.4: Prevalence of Infection Among Children

Positive n (%) Negative n (%) Total

Inf. A 0 106(100) 106

Inf. B 3 (2.8) 103 (97.2) 106

RSV 3 (2.8) 103 (97.2) 106

Source: Author’s Field Work, 2023
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4.4 Distribution of RSV, Influenza A and Influenza B Among Adults by

Sociodemographic Characteristics

The sociodemographic characteristics of the study population are highlighted in Table 4.3.

Some of the participants did not supply their sociodemographic information. Such

participants were grouped as ‘undisclosed’ during statistical analysis.

The study encompassed a diverse group of 100 participants, spanning an age range of 15 to

83 years. The mean age ± SD was 33.50±14.022. Majority of the participants were

between 15 to 35 years old (49.0). None of Infections considered was statistically significant

in the age groups considered as the P-value was greater than 0.05.

55.0% of adult participants were male with 40.0 being female. All instances of Influenza B

and RSV infection were found among adults who did not disclose their gender. There was

statistically significant association between gender and outcome of infection of Influenza B

and RSV infection

Location of study participants was grouped by senatorial districts. Oyo North (Atigbo), Oyo

Central (Egbeda, Lagelu, Oluyole, Ona ara) and Oyo South (Ibadan North, Ibarapa, Ido).

Majority of the participants were from Oyo South with 52.0%. All instances of Influenza

infection occurred in Oyo Central, while that of Influenza A occurred in Oyo South. There

was a statistically significant association between location and outcome of RSV infection

with 0.049 P-value.
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4.5 Prevalence of Infection Among Adults by Sociodemographic Characteristics

Source: Author’s Field Work, 2023

Characteristics Age Range No.
Participans
n (%)

INF. A
Positive
Participants
n (%)

INF. B
Positive
Participants
n (%)

RSV
Positive
Participants
N (%)

Age 15-35 49 (49) 0 1(2.0) 1(2.0)

36-50 25 (25) 1(100) 0 0

≥51 10 (10) 0 0 0

Undisclosed 16 (16) 0 0 1(50)

p-value 0.387 0.789 0.534

Mean Age

33.5±14.022
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Table 4.6: Prevalence of Infection Across Gender (Adults)

No.
Participants
n (%)

INF. A
Positive
Participants
n (%)

INF. B
Positive
Participants
n (%)

RSV Positive
Participants
N (%)

Gender Male 55 (55.0) 1 (100) 0 0

Female 40 (40.0) 0 0 0

Undisclosed 5 (5.0) 0 1 (100) 2(100)

p-value 0.662 0.000 0.000

Source: Author’s Field Work, 2023
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Table 4.7: Prevalence of Infection across Locations/ Senatorial District (Adults)

Location No.
Participants
n (%)

INF. A
Positive
Participants
n (%)

INF. B
Positive
Participants
n (%)

RSV Positive
Participants
N (%)

Oyo North 5 (5.0) 0 0 0

Oyo State Oyo Central 37 (37.0) 0 1(100) 1(50)

Oyo South 52 (52.0) 1(100) 0 0

Undisclosed 6 (6.0) 0 0 1(50)

p-value 0.818 0.633 0.049

Source: Author’s Field Work, 2023
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4.5 Overall Prevalence of RSV, Influenza A and Influenza B Among Adults

The molecular analysis of samples revealed that 1.0% (n=1) of the study participants were

infected with Influenza A. Likewise, 1.0% (n=1) of participants were infected with Influenza

B. RSV reported 2.0% prevalence (n=2). Data is presented on Table 4.8.
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Table 4.8: Prevalence of Infection Among Adults

Positive Negative Total

Inf. A 1 (1.0) 99 (99.0) 100

Inf. B 1 (1.0) 99 (99.0) 100

RSV 2 (2.0) 98 (98.0) 100

Source: Author’s Field Work, 2023
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4.6 Discussion of Findings

The study involved 106 children, of whom three (3) were positive for RSV, while two (2)

were positive for influenza B and none were positive for influenza A. Of the 100 adults, two

(2) were positive for RSV and one (1) was positive for influenza A. In a bigger study in the

US on Global burden of respiratory infections associated with seasonal influenza in children

under 5 years found a 10.1 million influenza virus-associated Acute Lower Respiratory

Infection (ALRI) cases (68151); 870,000 influenza virus-associated ALRI hospitalizations

(5430001415000), 15300 in-hospital deaths (580043800), and a total of up to 34800

(1320097200) influenza virus-associated ALRI deaths. Influenza virus was responsible for

7% of ALRI cases, 5% of ALRI hospitalizations, and 4% of ALRI deaths in children younger

than 5 years. However, this much bigger study did not address Adults1.

The mean age of children in the study was 2.97years ± 1.620 and RSV prevalence of 2.8%.

Mean age of older adults was 33.50 years ±14.022 and RSV prevalence of 2.0%. In a closer

geographical location study by Faneye, 2004, a prevalence rate of 85.7% was recorded in the

tested children and 23.3% in the control children across all age groups and genders. A

statistically significant difference in age groups was found in patients with LRTI (p < 0.05),

age < 1 41%, age 1 < 5 27.6%2.

A total of 45.3% of children were male and 54.7% were female. Strikingly, our study showed

a decline in the prevalence rate of RSV. This may significantly be due to the vaccine

coverage of the geographical location (Oyo State) in which this present study was carried out,

unlike the North-Central Nigeria where another study was carried out in their study, showing

a location, still experiencing the challenge to push up vaccine coverage. There was no

significant association between gender and infections with RSV (P-value 0.589) and

influenza B (p-value 0.250) both ≥ 0.05. Approximately, 55.0% of adults were male and
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40.0% female ,5% did not disclose their gender (Table 4.6) There was significant association

between gender and outcome of influenza B and RSV infection in adults (p-value ,0.000 ≤

0.005) (Table 4.1.3.1). There remains a dearth of information with regards to the prevalence

of Influenza A&B in Nigeria going by the records of NCDC, 2023. However, another study

showed, that adult females are more likely to develop severe influenza disease than the male3.

Exactly, 52.0% of the total participants were from Oyo South while 37% from Oyo central

and 5% from Oyo North, 6% did not disclose their location (Table 4.7). The prevalence of

Influenza B and RSV in Oyo Central was 37% while that of Influenza A in Oyo South was

52% and RSV 6% among undisclosed (Table4.1.3.2). There was no significant association

between location and outcome of infection of RSV, and Influenza B (p value was 0.482.)

(Table 4.3)

Prevalence of RSV was 2.8%, influenza A was 0% and B was 2.8% in children while in

older adults, RSV prevalence was 2.0%; Influenza A was 1.0%, and B was 1% (Table 4.4)

and (Table 4.8)

Respiratory viruses share common symptoms like coughing, sneezing fever etc. thus it is

important to do a proper diagnosis during the period of covid-19 as to be able to know the

type of treatment to commence.

None of the infection was statistically significant in the age groups, 45.3% of the children

were male while 54.7% were female, all occurrence of influenza was found among children

n=3.RSV occurred more in female than male children. No statistically significant association

between gender and outcome of infection of RSV and influenza B

The location of the participant was grouped according to senatorial district; majority of the

participants were from Oyo Central with 87.9%. All instances of prevalence of influenza B

and RSV occurred in Oyo Central. There was no statistically significant association between

location or outcome of RSV and influenza B.



138

The molecular analysis revealed overall prevalence of RSV, influenza A and Influenza B

among children to be 2.8%, (n=3) were infected with influenza. Likewise, 2.0% were infected

with RSV. No infected participant with influenza A. In contrast, previous sentinel studies

conducted from 1999 to 2018 in the United States of RSV and influenza-related deaths

showed a higher RSV prevalence rate of 19.6% and influenza A of about 63%, however, this

study did not address influenza B.4 Notably, their study observed the highest RSV-related

mortality in children under one year of age and those over 65 years of age. Our study was

conducted in Oyo State, southwestern Nigeria, a sub-Saharan region of known tolerance to

respiratory diseases, in contrast to the temperate zone (USA), where respiratory diseases are a

major challenge.
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Chapter Five

Conclusion

5.1 Summary of Findings

This study makes use of secondary data which were stored samples originally collected from

adults older and 5 years children and below that show symptoms of Covid-19 but were tested

negative. To establish the main objective of this study, the prevalence of other respiratory

viruses was determined. Because 5 years children and below are more prone to the

respiratory infections especially RSV, 106 children samples were used for the analysis,3 were

positive for RSV, while 2 were positive for Influenza B, while there are no positive for

influenza A. Also,100 adult samples were used for the analysis because older adults too are

prone, two were positive for RSV while one was positive for influenza A which were our

targeted genes according to the kit that was used for the analysis.

Respiratory viruses share common symptoms like coughing, sneezing fever etc. thus it is

important to do a proper diagnosis during the period of COVID-19 as to be able to know the

type of treatment to commence.

This study made use of the new technique for investigation. Real time PCR was done using

the AllPLEX kit to detect the presence of RSV, Influenza A and Influenza B in the samples

used.

206 samples were used for this study, the male to female ratio is about 1to1, female 52.8%,

and male 47.2%. Molecular analysis shows that 1.0% were infected with influenza A likewise

1% were also infected with influenza B, RSV reported 2.0%, prevalence

The study encompassed a diverse group of 106 children participant spanning age 1-5years,

mean age SD =2.97. None of the infection was statistically significant in the age groups

45.3% of the children were male while 54.7% were female, all occurrence of influenza was
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found among children n=3.RSV occurred more in female than male children. No statistically

significant association between gender and outcome of infection of RSV and influenza B.

The location of the participant was grouped according to senatorial district; majority of the

participants were from Oyo Central with 87.9%. All instances of prevalence of influenza B

and RSV occurred in Oyo Central. There was no statistically significant association between

location or outcome of RSV and influenza B.

The molecular analysis revealed overall prevalence of RSV, influenza A and Influenza B

among children to be 2.8%, n=3 were infected with influenza Likewise 2.0% were infected

with RSV. No infected participant with influenza A.

Some of the adult do not supply their Sociodemographic information, the adult participant

used spanning ages 15-83 years. The mean age is 33.5%, majority were within 15-35years,

and it is not statistically significant.55% were male while 40% were female. Influenza B and

RSV were found among those that do not declare their age.

There is co-infection between Covid-19, RSV and Influenza A and Influenza B. This shows

that there is a good relationship between the means of the disease development among the

respiratory viruses. Being a new study, the observations obtained from this can also be

extended to other viruses by examining the coinfections.

5.2 Conclusion

This study shows that after covid-19 have been ruled out from the sample, other respiratory

infection like RSV and influenza A and B can also present same symptoms like Covid-19

thus there is need for a proper diagnosis to ascertain the exacting virus bringing similar

symptoms of RSV. This studies shows that some children did not complete their

immunization i.e. those positive for influenza B. The research is also valid because we found

the gene of interest in some of the samples amplified, i.e influenza B and RSV. There is need



142

to screen for other influenza viruses in Negative samples of Covid and during pandemic not

to make Covid the only target RSV is not a challenge; it will only take time for the

immunocompressed people to heal if diagnosed on time. Adult too can come down with

influenza. Among the positive people for RSV, further studies should be carried to check the

following; Do they have underlining sickness, are they immunocompressed,

5.3 Recommendations

As revealed by this study there is need for every laboratory to: -

(1) Get a more sensitive testing kit like the one used in this study so that different viruses

present in a sample

(2) There is need for effective preventive measures like good hygiene practices like

washing of hands and not touching of surfaces anyhow.

(3) The use of effective infection prevention and control measures in health facilities i.e.

use of personal protective equipment (PPE)

(4) Effort should be made to increase awareness of RSV among healthcare providers

(5) Awareness to be created for policy makers and general public to facilitate early

diagnosis of RSV as a coinfection in respiratory diseases.

(6) Adequate funding and investment in research is needed for RSV diagnosis.

(7) Efforts should be made to increase easy access to effective vaccines and treatment in

other to reduce the prevalence.

(8) Efforts should be made to reduce the staying of children 5 years and below in daycare

centers during the cold season.
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(9) Children should be vaccinated for influenza virus.

(10) Efforts should be made for a support regiment for adults especially the elderly if no

detected on time so that they can overcome it on time instead of the system to be

fighting it which may not be easy and fast because of their immune which is or may

be very low

5.4 Contribution to Knowledge

This study shows that there are many infections having similar symptoms thus they must be

well isolated for proper diagnosis and treatment. It enables policy makers to be aware of the

infection called Respiratory Syncytial virus and will make prevention and treatment with

other coinfection be effective. It will make the whole public to also be aware of the infection

and be intentional in the prevention.

5.5 Suggested Area for Further Research

There is need for further studies on this work by having relationship with the positive people

for RSV and influenza A and B virus to know if they are immunosuppressed people by

collecting their blood samples for a full blood count, and also check their diet if they are not

eating good food, life style and also see I they are low class people, the elderly to see if they

are diabetics patient

Relationship of RSV with other respiratory viruses like rhinovirus, enterovirus (like polio or

picorna virus) Sars, parainfluenza and the remaining influenza viruses; Influenza C and
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