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Chronic lung diseases are among the leading causes of mortality and morbidity
globally and are significantly associated with the economic burden as well as
drastically reduced quality of life and productivity. The currently available therapies
are mostly effective in managing the aggravated symptoms associated with the lung
diseases, especially the non-communicable diseases such as asthma and chronic
obstructive pulmonary disease (COPD). This warrants consistent rigorous research
into discovering novel therapeutic targets that could be then harnessed pharmaco-
logically to improve the quality of life of patients. This would require understanding
the underlying central/key molecular mechanisms that are generally referred as
“disease drivers.” Various molecules that drive the disease are key immune cells,
associated cytokines or chemokines, disease-associated genes, microRNAs, signal-
ling pathways, pathogen/damage associate molecules sensing receptors and disease-
associated oxidative stress molecules/pathways. Another key aspect of management
of lung diseases involves lack of effective drug delivery strategies that could
improve the bioavailability and subsequent efficacy of the existing/upcoming
therapies.

The primary objective of this book, Targeting Cellular Signalling Pathways in
Lung Diseases, is to comprehensively provide an overview of various cellular and
molecular mechanisms involved in chronic lung diseases and then to suggest the
currently available or upcoming therapeutic targets that could be efficacious in
managing these diseases. The book adequately highlights a myriad of drug delivery
approaches that could be developed and tested before implementing in real-life
scenarios for improving the drug bioavailability and efficacy in lungs and/or target
cells/tissues/pathways. Collectively, the book could be immensely informative for
readers who are interested in recent developments in lung diseases in terms of novel
mechanisms that could be targeted therapeutically, as well as the innovative drug
delivery systems that may become mainstream in coming years for effectively
treating the lung regions/cells/pathways that demonstrate associated pathology.

The book rightly begins with an elaborated introduction to the lung diseases and
then expands to the comprehensive chapters covering the crucial pathological
mechanisms in non-communicable respiratory diseases, i.e., asthma, chronic
obstructive pulmonary disease, lung cancer, and idiopathic pulmonary fibrosis.
Thereafter, the book contains comprehensive chapters on microbial infections of
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the lung, such as tuberculosis, Haemophilus influenzae, and viral infections (includ-
ing the novel Coronavirus Disease 2019). This section is followed by chapters
comprising discussions around the master molecular regulators of lung diseases,
including, phosphoinositide 3-kinase, the cholinergic system, Nrf2-Keap1 signalling
pathway, Toll-like receptor (TLR). There is a dedicated subsection on the impor-
tance of plant-based or natural compounds that could be potential in the management
of lung diseases. The final section of book exclusively summarizes the prospects and
challenges in developing and validating various drug delivery systems for respira-
tory diseases. The chapters in the book have extensive visual illustrations that make
it easier for readers to understand the complex disease mechanisms.

We believe that this book will be a valuable resource for academicians,
researchers, and industry engaged in the field of respiratory biology. It is also a
valuable resource for translational researchers, graduates, and postgraduates (Mas-
ter’s, PhD, and Post-Doctoral Researchers) of various disciplines including Pharma-
ceutical Sciences, Biotechnology, Immunology, and Medical and Health Sciences.

The editorial team has extensive research experience in the field of respiratory
diseases, respiratory infections, lung inflammation, and drug delivery systems for
respiratory system. The editors of this book would like to express their sincere
gratitude to all the authors for their time and for their valuable contributions in the
production of this book.

Sydney, NSW, Australia Kamal Dua
Edmonton, AB, Canada Raimar Lobenberg
Campinas, Sao Paulo, Brazil Angela Cristina Malheiros Luzo
Sydney, NSW, Australia Shakti Shukla

Phagwara, Punjab, India Saurabh Satija
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Shivraj Popat Jadhav, Himmat Singh, Salman Hussain, Ritu Gilhotra,
Anurag Mishra, Parteek Prasher, Anand Krishnan, and Gaurav Gupta

Abstract

Lungs come in contact with external environmental factors such as smoke,
pollens, microbes, dust, environmental chemicals, and various other pollutants
continuously. Exposure of lungs to these factors increases the risk of lungs to
develop various diseases and disorders. In the United States, lung diseases are the
third top reason of deaths. In infants, the majority of deaths are due to lung
diseases and other breathing problems. Lung diseases may affect the whole
respiratory system including the trachea, bronchi, bronchioles, alveoli, pleurae,
pleural cavity, and nerves and muscles responsible for respiration or part of the
respiratory system. Respiratory diseases make gas exchange difficult in
air-breathing animals. This can lead to mild and self-limiting to life-threatening
conditions. Lung diseases include asthma, chronic obstructive pulmonary disease
(COPD), idiopathic pulmonary fibrosis (IPF), lung cancer, and various bacterial
as well as viral infections like influenza, pneumococcal, respiratory syncytial
virus, etc. These conditions if are not treated well within time can lead to serious
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health complications and may often produce life-threatening situations. The
quality and productivity of the life of the patient are severely hampered because
of respiratory diseases due to the related symptoms like breathlessness and
chronic cough. This chapter introduces different kinds of respiratory disorders
along with their etiology, epidemiology, pathophysiology, sign and symptoms,
and treatment.

Keywords

Respiratory disorders - Respiratory infections - Etiology - Epidemiology - Lung

Lungs do continuous work of gaseous exchange to fulfill the body’s need for
oxygen. For this purpose, oxygen from the external environment is inhaled and
carbon dioxide is exhaled continuously. Along with oxygen, various other environ-
mental factors are also inhaled inside the lungs such as smoke, pollen grains,
microorganisms, dust particles, chemicals, and various other pollutants which at
all are not necessary for the human body. Exposure to these unnecessary factors may
lead to several lung diseases and disorders such as asthma, chronic obstructive lung
disease (COPD), lung cancer, and many more. Breathlessness, chronic cough, and
hypoxia are some of the complications associated with lung diseases which severely
hamper the quality and productivity of a patient’s life [1].

Patients suffering from lung diseases such as asthma or COPD are affected in
multiple ways in their day-to-day life. While the effect of lung diseases is different
for each patient, the main effects include difficulty in breathing, reduced day-to-day
activities, lowered self-esteem, lack of energy, disturbed relations, nervousness, and
depression [2, 3]. About 40% of patients with COPD suffer from depression [4] and
about 34% of patients suffer from anxiety [2]. There is a high incidence of anxiety
and depression in patients suffering from asthma. The major five lung diseases
across the world include chronic obstructive pulmonary disorder (COPD), asthma,
acute respiratory infections, tuberculosis, and lung cancer [5]. This chapter will
address epidemiology and causes, etiology, pathophysiology, and treatment in
short of each disease.

1.1 Chronic Obstructive Pulmonary Disorder (COPD)

COPD is a reversible disease of the lungs and is one of the major causes of mortality
and morbidity throughout the world. In the United States, after heart disease, cancer,
and cerebrovascular diseases, COPD is the fourth leading cause of death [6, 7]. As
projected, COPD may become the third leading cause of death worldwide [5]. COPD
is a common term generally used for various medical conditions that are responsible
for impairment of airflow into the lungs which are not fully reversible [8]. Hence,
COPD could be better seen as a clinical syndrome identified as chronic respiratory
symptoms, pulmonary abnormalities like airway obstruction, emphysema, or airflow
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limitation [9]. Patients suffering from COPD will be at a higher risk of death due to
the development of coexisting conditions than patients without COPD [10, 11].

1.1.1 Definition

Several different definitions of COPD are present as per the different medical
societies. Some of them are as follows:

The American Thoracic Society (ATS) defined COPD as “a disease state
characterized by the presence of airflow limitation due to chronic bronchitis or
emphysema” [12]. According to the European Respiratory Society (ERS), COPD
is “reduced maximum expiratory flow and slow forced emptying of the lungs, which
is slowly progressive and mostly irreversible to present medical treatment” [13]. The
Global Initiative for Chronic Obstructive Lung Disease (GOLD) defined COPD as
“a disease state characterized by airflow limitation that is not fully reversible. The
airflow limitation is usually both progressive and associated with an abnormal
inflammatory response of the lungs to noxious particles or gases” [14].

1.1.2 Epidemiology

Global estimation of COPD is difficult as different methods are used for calculation
of prevalence [15]. About 174 million cases are present globally according to the
Global Burden of Disease Study 2015 [16]. According to population-based health
administrative data, there is a risk of 28% of getting COPD by the age of 80 in
Canada [17]. There is a maximum increase in COPD cases between 1990 and 2010
of about 119% in the Eastern Mediterranean and 102% in African regions
[18]. COPD is underdiagnosed in low-income countries, in younger patients, in
smokers, and in lower education groups [19]. COPD is more common in men than in
women, but due to increase in smoking among women in high-income countries and
exposure to different pollutants like biomass fuel in low-income countries, the risk of
COPD in women also increases. Low- and middle-income countries contributed
about 90% of deaths worldwide [20].

1.1.3 Causes

Globally, tobacco smoking remains one of the main causes of COPD [21]. The
World Health Organization evaluates that about 73% of COPD mortality in high-
income countries and about 40% mortality of COPD in low-income countries are
due to smoking [22]. Genetic factors may also be responsible for COPD as indicated
by the study. The deficiency of enzyme serine protease ol antitrypsin is related to
COPD in 1-3% of patients. The genetic risk of COPD increases if the patient is a
smoker or is exposed to other pollutants [23]. Exposure to various chemicals,
pollutants, dust, vapors, and fumes at workplaces is also responsible for COPD.
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The incidence of COPD related to the workplace is more in countries where laws are
not stringent regarding exposure to pollutants [24]. Exposure to indoor air pollutants
such as biomass fuel like coal, dung, straw, wood, and crop residues may also
increase the risk of COPD. According to WHO, 35% of cases of COPD from low-
and middle-income countries is because of exposure to biomasses [22]. Other causes
for COPD are related to age, various infections, asthma, and socioeconomic factors
(Fig. 1.1).

Tabacco
Smoking

Infections
and

Exposure
to indoor
pollutants

Genetic
Factors

economic
factors

Fig. 1.1 Causes of COPD
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1.1.4 Symptoms (Fig. 1.2)

Chronic
= Dyspnea
-Chest ; Cough and
Tightness Sputum

Weight loss <——

Shortness
of Breath

Fig. 1.2 Symptoms of COPD

1.1.5 Pathophysiology

Tobacco smoking is the major cause behind COPD. Harmful agents present in
tobacco smoke cause injury to the airway epithelium tissue and start the main
process which leads to airway inflammation and obstruction. Other changes include
increased oxidative stress and protease-antiprotease imbalance. In COPD small
airways and lung, parenchyma tissues are more affected, and the destruction of the
proximal airway epithelium is less. Walls of the small conducting airways are
thickened and obstruction worsens because of mucus exudates. Oxidative stress is
increased because of bronchial inflammation involving phagocytes like neutrophils
and macrophages. Squamous cell metaplasia and goblet cell hyperplasia are induced
because of smoking. There is an increase in smooth muscle mass [25]. Other major
changes observed are mucus hypersecretion, ciliary dysfunction, hyperinflation,
abnormalities in gaseous exchange, and other systemic effects [26].

1.1.6 Treatment

The damage done to the lungs in COPD is irreversible, but by the use of several
medications and self-discipline, COPD can be lowered. The following table
summarizes several approaches (Table 1.1):
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Table 1.1 Various approaches for the treatment of COPD

Sr.
no. | Treatment Description
1 Smoking stoppage [27] | Stoppage of smoking is the main treatment for the cessation

of over the time reduction in lung functions
e Also, it will reduce smoking-related comorbidities like
cardiovascular diseases and lung cancer

2 Vaccination [15] * Vaccination of influenza and pneumonia is recommended
in patients with COPD to reduce the risk of exacerbations and
hospital admission

3 Physical activity [28] » Physical activity was found to be useful as much as
smoking cessation
*  Walking at least for 15 min is related to 14% less morbidity
and hospital admission

4 Pharmacotherapy [29] * A long-acting muscarinic antagonist (LAMA)
* A long-acting beta-2 agonist (LABA)
*  Glucocorticoids
* Phosphodiesterase-4 inhibitors

5 Intervention treatments | ¢ Surgeries in critical patients like volume reduction surgery
and the use of endobronchial valves and lung volume reduction
coils are suggested

6 Oxygen and ventilation | Patients with severe resting hypoxia are recommended
support [30] oxygen support
1.2  Asthma

Asthma is among the most common chronic types of disease affecting 334 million
people throughout the world [31]. It is a more common chronic type of disease in
childhood [32]. Asthma is considered as a disorder localized to the lungs, but new
studies indicate a component of systemic airway disease which involves the entire
respiratory tract and often associated with other disorders like allergic rhinitis
[33]. Asthma control remains difficult although there is an increase in diagnosis
and management over the past decade. Control of asthma in a substandard way may
lead to unnecessary morbidity and limitation so of day-to-day activity of the patient
and overall degradation of life of the patient [31].

1.2.1 Definition

Asthma is defined as a chronic inflammatory disease of airways. Inflammation is
associated with hyperresponsiveness of airways due to specific triggers like viruses,
allergens, or exercise which leads to repetitive episodes of chest tightness, wheezing,
breathlessness, and coughing. These episodes often cause airflow obstruction and
may go away spontaneously or with appropriate treatment [33].



1 Introduction to Lung Diseases 7

1.2.2 Epidemiology

The global occurrence of physician-diagnosed asthma in adults is about 4.3%. This
occurrence has a large variation between country to country and age groups. The
occurrence of asthma is high in developed countries but low in developing countries
[34]. Epidemiological data may be underestimated in resource-poor countries where
patients do not get basic medications for asthma. The occurrence of asthma is higher
in boys as compared to girls, but the interesting fact is that the chances of a woman
getting asthma are more than 20% as compared to men which may indicate a switch
in prevalence during puberty [35]. Reemission of asthma is more in boys and
patients who are sensitized to furred animals. However, certain factors like obesity
and tobacco smoking may lead to the development of asthma [36]. Most countries
suffering from asthma are low- and middle-income countries as diagnosis and
treatment are poor which may lead to significant mortality. However, from the
past 25 years, there is a significant reduction in overall mortality because of
increased use of inhaled corticosteroids.

1.2.3 Causes (Fig. 1.3)
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Fig. 1.3 Causes of asthma
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1.24 Symptoms (Fig. 1.4)

Chest Tightness

' Tachycardia

Fig. 1.4 Symptoms of asthma

Asthma symptoms are unspecific and may include a variety of symptoms like
wheezing, coughing, shortness of breath, dyspnea, chest tightness, and tachycardia.
Symptoms are particularly related to the timing and nature of the trigger. A clear
difference should be made that observed symptoms are not because of any other
clinical condition like bronchitis, allergic rhinitis, or eczema.

1.2.5 Pathophysiology

Lower respiratory tract inflammation occurs because of a combination of different
reasons like genetic predisposition, exposure to different environmental factors, and
possible changes in microbiome and metabolites [37]. Asthmatic patients generally
suffer from type 2 inflammation. Type 2 inflammation is related to certain cytokinin
mediators like interleukin-4, interleukin-5, interleukin-14, and inflammatory cells
like eosinophils, mast cells, basophils, lymphocytes, and immunoglobulins
[38]. Asthmatic patients who do not suffer from type 2 inflammation are often
difficult to treat with the help of corticosteroids. Inflammatory changes that com-
monly occur in asthma are increased interleukin-33 in epithelial cells, an increase in
expression of OX40L in the dendritic cell, and goblet cell metaplasia. Also,
biological changes occur in lymphocytes, eosinophils, and mast cells which cause
type 2 inflammation. Histopathological changes observed during an asthma attack
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include hypertrophy of smooth muscles, hyperplasia of goblet cells, fibrosis of
subepithelial tissues, and deposition of collagen, increased number of blood vessels
in the submucosa, and edema of the submucosa [39].

1.2.6 Types of Asthma [40]

It is important to diagnose the type of asthma for proper treatment.

(a)

(b)

(©)

(d)

Allergic asthma

Episodes of allergic asthma may arise if asthmatic patients come in contact with
common allergens like dust, pollutants, pollen grains, or animal hairs. When
these allergens enter into the respiratory system, a series of events start that lead
to an asthma attack. Keeping away from these trigger factors is the best practice
to avoid asthma episodes.

Exercise-induced asthma

Exercise or physical exertion may lead to the induction of exercise asthma.
Airway narrowing is maximum after 5-20 min of starting exercise. Such
patients may be prescribed asthma inhalers before the start of the exercise.
Occupational asthma

This type of asthma may trigger from the workplace environment. The patient
may suffer from asthma symptoms like difficulty in breathing because of various
trigger factors present at the job. Some typical jobs which may cause occupa-
tional asthma are hairdressers, painters, and woodworkers.

Nocturnal asthma

Patients having asthma may experience episodes of asthma during nighttime.
This is because of the circadian rhythm. This type of asthma attack can be
dangerous and may be related to changes in the body such as hormonal
secretion, cooling of airways, and sleeping position. Treatment of such type of
asthma often includes medications before going to bed.

1.2.7 Treatment

Treatment of asthmatic patients includes both preventive and curative measures.
Initial treatment at the start of asthma symptoms is the best way of asthma manage-
ment [41]. Patients with a high risk of death require special attention in terms of
monitoring, self-care, and education. The following points should be considered
while battling with asthma [42]:
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— Patients and family members should be made aware of the severity of asthma.

— A written home plan for tackling early symptoms of asthma.

— Making patients aware of necessary skills for recognizing early symptoms of
asthma.

— Making patients aware of the importance of communication with a physician
about any serious complication of asthma.

Pharmacological management of asthma includes the use of various chemical
agents like inhaled P2-agonists like salbutamol, anticholinergics like ipratropium
bromide, methylxanthines such as theophylline, corticosteroids like methylprednis-
olone, epinephrine, and terbutaline. Other treatments may include the use of
antibiotics in case of infection. Mechanical ventilation along with sedation can be
used for patients with status asthmaticus. For sedation purposes, midazolam, mor-
phine sulfate, ketamine, and propofol are prescribed [43].

1.3 Lung Cancer

Lung cancer is the most fatal malignancy in the modern world and responsible for
over 40,000 deaths in the United Kingdom per year [44]. Smoking tobacco remains
one of the leading causes of lung cancer. From studies, it is indicated that only 10%
of smokers develop lung cancer; hence, other factors such as genetic and dietary
risk factors are also responsible. As compared to other types of cancers like breast
cancer, prostate cancer, and cervical cancer, lung cancer is diagnosed at an early
metastatic stage. The maximum incidence of lung cancer occurs between 75 and
80 years of age in the United Kingdom. Over 50% population of 500,000
diagnosed with lung cancer is above 70 years and above [44]. The high hope of
lung cancer cure is when it is detected in the early stages. Radiation therapy along
with chemotherapy plays an important role in the treatment of lung cancer
[45]. Lung cancer is of two types: non-small cell carcinoma (NSCC) and small
cell lung carcinoma (SCLC). NSCC accounts for 80% of cases, while SCLC
accounts for the remaining 20% [46].
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1.3.1 Classification

WHO classifies lung cancer as follows [46] (Fig. 1.5):
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Fig. 1.5 Classification of lung cancer
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1.3.2 Epidemiology

Six million new cases of lung cancer were diagnosed in the year 2008 which is about
12.7% of the world’s total cancer incidence [47]. In the United States, lung cancer is
accountable for 160,340 deaths in the year 2012, which is about 28% of all cancer
deaths. There are marked regional variations in the global geographic distribution of
lung cancer. Lung cancer is the commonest type of cancer among men throughout the
world and the number four cancer type in a woman. The highest rate of occurrence in
men is from North America, East Asia, and central-eastern and southern Europe. In
underdeveloped countries like West Asia, South Africa, and the Caribbean, the rate of
incidence of lung cancer is high [47]. Data of Surveillance, Epidemiology, and End
Results (SEER) from 2004 to 2008 indicated the common age for diagnosis of cancer is
71 years, while no cancer is detected in men below 20 years of age [48]. Around 0.2%
of lung cancer incidents are from age 20 to 34, 1.5% between age 35 and 44, 8.8% from
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age 45 to 54, 21% between age 55 and 64, and a maximum 31% between age 65 and
74. A huge advancement in diagnostic, surgical, and curative methods fails to increase
the overall survival rate in the last 5 years which is 15.6% in the United States, and
globally, it is worse in developing countries which is around 8.9% [49].

1.3.3 Etiology and Risk Factors [45] (Fig. 1.6)

Smoking by far is the most coomon cause of lung cancer.
Cigarrate smoke is known fo contain over 60 carcinogens.
83% of lung cancer cases are due to smoking

= It is gas generated from of radioactive uranuim and radium.

* This gas can sometimes cause changes in genetic material which
can cause lung cancer.

Incidence of lung cancer due to air pollution is less

Various chemical agents and fine particles in polluted air may be
responsible for lung cancer

Lung cancer risk increases when any parent have history of lung
cancer
Around 8 to 14% cases are due to inherited factors.

Asbestos is reponsible for lung cancer.
tos along with tobacco smoking have synergestic effect to
produce lung cancer.

Fig. 1.6 Causes of lung cancer

1.3.4 Sign and Symptoms

No specific signs and symptoms are there which can conclude that a person is
suffering from lung cancer [50]. Lung cancer may have similar signs as that of a
smoker person or person suffering from other disorders like upper respiratory tract
infection. Signs and symptoms are related to the size and location of the tumor.
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Common symptoms seen in a lung cancer patient are cough, wheezing, dyspnea, and
hemoptysis. Symptoms may worsen as the tumor increases in size and starts to
spread. Blood-filled sputum may be observed as the condition becomes worse.
Additional symptoms may include edema in the face, neck, and shoulders. Shoulder
and arm pain are common [45].

1.3.5 Diagnosis

Complete medical, as well as personal history, along with regular physical examina-
tion can help to diagnose lung cancer in an early stage. Smokers, who are at high risk
of lung cancer, suffer from cough and produce sputum regularly [50]. Any change in
the amount of sputum is important along with symptoms like shortness of breath,
chest pain, and blood in sputum or frequent respiratory infection. Chest radiography
is one of the first tests which can be performed for a possible diagnosis. Bronchos-
copy is another technique that uses a brush or forceps to obtain a sample from
lesions. Drawback related to bronchoscopy is that it can only detect lesions present
in the airways but fails to detect lesions deep within the bronchial tree. Fine-needle
biopsy of the lesion is another technique that can produce 95% positive results.
Mediastinoscopy and thoracotomy are other diagnostic procedures for the detection
of lung cancer.

1.3.6 Staging of Lung Cancer

Two main systems are designed for an indication of lung cancer severity. One of the
systems is the “TNM” system which denotes Iung cancer depending upon T, primary
tumor, N, the extent of involvement of the lymph node; and M, distant metastases.
Each letter is designated with a particular number which denotes the advancement of
tumors. Based on TNM, characteristic numbers are designated from 0 to 4. NSCC
can be staged with the help of the TNM system [51, 52]. Veterans Affairs lung
cancer classification system is used for the staging of SCLC. The disease is classified
into two stages in this system, limited and extensive [53].

1.3.7 Treatment [54]

Depending upon the stage and type of lung cancer, there are different treatments.
Treatment differs in small cell lung cancer and non-small cell lung cancer. The most
common type of lung cancer is non-small cell lung cancer and adenocarcinoma is the
commonest subtype. Treatment of this type of lung cancer can be done with surgery,
chemotherapy, radiation therapy, or targeted therapy. The type of treatment will
depend upon the type and stage of cancer and if the patient has any other health
conditions. The following table gives an idea about treatments used for non-small
cell lung cancer depending upon stages (Table 1.2).
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Table 1.2 A treatment option for non-small cell lung cancer

Stage | Treatment

I — The first treatment is the removal of the lesion by surgery
— If surgery is not possible, then radiation
II — Surgery
— Radiation if individual can’t undergo surgery along with adjuvant chemotherapy
A — Surgery, chemotherapy, and radiation
1B — Surgery, chemotherapy, and radiation
v — Chemotherapy or targeted therapy and for symptomatic relief palliative radiation

treatment can be used

Table 1.3 Different types of lung surgeries

Name of surgery Description

Wedge resection Removal of an infected small piece of the lung
Segmentectomy Removal of a larger part of the lung but not the whole lung
Lobectomy Removal of the complete lobe of the lung

Pneumonectomy The entire right or left lung is removed

Surgery involves the removal of the lung in part or full. Depending upon it, lung
surgery is of different types (Table 1.3).

For the treatment of small cell lung cancer, if diagnosed in an early stage, surgery
can be an option. But in the case of advanced stages, combination of chemotherapy
and radiation is used. For prevention of spread to the brain, prophylactic radiation to
the brain is used. There are several side effects of radiation and chemotherapy like
nausea, vomiting, alopecia, fatigue, increased infection risk, anemia, kidney damage,
and nerve damage.

1.4  Acute Respiratory Tract Infections

Acute respiratory tract infections are classified depending upon the area of infection,
i.e., upper respiratory tract infection (URI) and lower respiratory tract infection
(LRI). Different organs like nostrils, larynx, sinuses, and the middle ear are the
parts of the upper respiratory tract. The lower respiratory tract consists of the trachea,
bronchi, bronchioles, and alveoli. Acute respiratory tract infections are the cause of
illness and mortality in children all over the world [55, 56]. But the majority of cases
are found in high- and middle-income countries. As a lack of specific etiological
factors, severity of LRIs has become more worse in developing countries for
children below 5 years of age. Around 10.8 million children die annually
[57]. According to a study, 1.9 million children died because of ARIs. Among
them, 70% were from Africa and Southeast Asia [58]. According to the WHO,
two million children are susceptible to die because of pneumonia below the age of
5 [59].
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1.4.1 Upper Respiratory Tract Infections

These infections are the most common and include common cold (also termed as the
common cold), ear infection, sinusitis, pharyngitis, epiglottitis, and laryngitis.
Among these ear infections, pharyngitis may cause more complications like deafness
and rheumatic fever. The main cause of URIs is viruses. Twenty-five to thirty
percent of URIs are because of rhinovirus; 25-35% of UTIs are because of influenza,
parainfluenza, metapneumovirus, and adenovirus; coronavirus accounts for 10%;
and the remaining is because of anonymous reasons [60].

1.4.1.1 Acute Pharyngitis

This term is used to indicate common cold and other disorders that occurred due to
viral rhinitis. It is among the most common type of infection in childhood. Children
of age younger than 5 years may suffer five to eight recurrent occurrences per year.
Various viruses such as rhinovirus, coronavirus, influenza virus, adenovirus, and
coxsackievirus are responsible for pharyngitis [61]. Inflammation of the nasal
mucosa may lead to obstruction of Eustachian tubes and can cause secondary
bacterial infection. More complications can lead to acute childhood asthma [62].

Symptoms

— Runny nose

— Cough and fatigue

— Pharyngitis

— Fever and chills

— Diarrhea

— Vomiting

— Abdominal pain and headache

Mode of Transmission
— Viruses may get transmitted in the form of droplets by coughing or sneezing or by
a handshake.

Communicability
— Infection is communicable in closed and semi-closed areas like school and
daycare centers.

Incubation period
— Varies from 2 to 10 days

Treatment

— Rest, hydration, and air humidification
— Nasal hygiene and decongestion

— Antipyretics and pain killer

— Oral antitussive and antihistaminic drugs
— Antimicrobial agents
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1.4.1.2 Acute Sinusitis

It is a bacterial infection of paranasal sinuses which can remain up to 30 days. After
30 days, symptoms resolve completely on their own. In acute sinusitis, maxillary and
ethmoid sinuses are more infected. Bacteria such as S. pneumoniae and H. influenzae
are responsible for acute sinusitis. Some viruses may also be associated with sinusitis
[63]. If an infection is not treated well, then possible complications may include
meningitis, thrombosis of the cavernous sinus, and brain abscess.

Sign and symptoms

— Cough in the daytime and worsen at night

— Fever

— Eyelid edema, headache, discomfort, and pain at the infection site or teeth [61]

Diagnosis

— Clinical history with a physical examination
— Hemogram

— Nasal swab study

— X-ray [64]

— Compound tomography

— Nasal endoscopy

Treatment

— Rest and air humidification

— Painkiller and antipyretic

— Topical or systemic decongestants
— Antimicrobial agents

— Surgical treatment

1.4.1.3 Acute Viral Laryngitis

This infection consists of inflammation of a specific portion of the larynx due to
respiratory viral infection. Airway obstruction may be caused due to congestion and
edema. Acute viral laryngitis generally occurs in infants and preschool children with
a peak at age of 2. Causative agents involved in infection are parainfluenza I and II
and syncytial virus along with the influenza virus and adenovirus in some cases [65].

Sign and Symptoms

— Nasal congestion, dry cough, and fever of low grade

— Restlessness, intensified stridor, intense dyspnea, and cyanosis
— Seizure, apnea, and death in severe cases

Treatment
— Hydration and air humidification
— Inhaled corticosteroids
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1.4.2 Lower Respiratory Tract Infection

Pneumonia and bronchitis are the two major infections of LRI. Respiratory syncytial
viruses (RSV) are the most common cause of LRI. These viruses are highly seasonal
and contagious. The global burden of disease study indicated that infection of the
lower respiratory tract is the third most common cause of mortality after heart
disease and cerebrovascular diseases [66].

1.4.2.1 Pneumonia

Worldwide, Streptococcus pneumoniae is the main causative pathogen behind
community-acquired pneumonia (CAP) [67]. Bacteria as well as viruses are respon-
sible for pneumonia. Haemophilus influenzae, generally type B (Hib), along with
Staphylococcus aureus is also responsible for pneumonia infection. Other pathogens
responsible for pneumonia are Mycoplasma pneumoniae and Chlamydia
pneumoniae. Forty to fifty percent of cases of infection in infants and children are
due to viruses such as the measles virus, parainfluenza virus, and adenovirus [68]. A
report from Jain et al. in 2015 indicated that there was an increase in cases of
pneumonia as age is increased [69]. According to a study, around 24.8 episodes
per 10,000 adults were reported with the highest incidence around age 65-69. The
study also indicated that approximately one in three adults will die after hospitaliza-
tion within a year. According to a statistical health report, influenza and pneumonia
are responsible as the sixth leading cause of death in South Africa [70].

Classification of Pneumonia
1. By location:
— Community-acquired
— Hospital-acquired
2. By cause:
— Dust pneumonia
— Chemical pneumonia
— Chemical pneumonia
— Aspiration pneumonia

Sign and Symptoms of pneumonia
— Fever and chills

— Shortness of breath

— Chest pain during cough

— Nausea, vomiting, and diarrhea
— Cough with phlegm

Treatment

— Antibiotics

— Antivirals for viral pneumonia

— Antifungals for fungal pneumonia

— Oxygen therapy if the blood oxygen level is low
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1.4.2.2 Influenza

Influenza is caused by a variety of viruses. Generally, influenza is responsible for
causing upper respiratory tract infection. But it is more and more being recognized
for lower respiratory tract infection. It is the second most common cause of hospi-
talization of children with acute respiratory tract infection [71]. The influenza virus is
of three types, mainly, A, B, and C. Among these types, influenza A and influenza B
are responsible for causing human infection. Influenza A is more dangerous and
often responsible for global pandemics especially in developing countries
[72]. Chances of emergence of new strains of influenza A virus are maximum as
occurred in the 1950s and 1960s. Apart from this, influenza virus is capable of
transferring from animals, birds, to humans with improved genetic structure because
of gene shifting ability. Influenza A virus is responsible for 90% of flu cases. These
viruses are capable of transferring from human to human through various activities
like coughing, sneezing, and talking. Influenza is highly seasonal especially in
autumn and winter [73].

Sign and Symptoms of Influenza
— Fever, chills, and sweat

— Muscle pain and fatigue

— Headache

— Dry continuous cough

— Difficulty in breathing

— Sore throat

— Stuffed or runny nose

— Eye pain, vomiting, and diarrhea
— Chest pain

Treatment
— Antiviral drugs like oseltamivir, zanamivir, and peramivir.
— Vaccination is highly recommended before starting of flu season.

1.5 Idiopathic Pulmonary Fibrosis (IPF)

Interstitial lung diseases (ILDs) are a diverse family of parenchyma lung disease in
which lung inflammation and fibrosis occur. Idiopathic pulmonary fibrosis is the
most destructive among interstitial lung diseases. It is characterized by growing
fibrosis, cellular proliferation, interstitial inflammation of the alveolar wall with
irreversible unstoppable destruction of lung function, and respiratory failure leading
to high mortality [74]. Tissue damage of alveoli will be heal but if the process is
repeated the healing process stops which causes the thickening of the walls of
alveoli, due to which oxygen transfer from alveoli into capillaries becomes difficult.
For optimized treatment, accurate diagnosis is necessary. Progression of IPF in some
patients is unnoticeable, while in some, it progresses very fast [75, 76]. Adults aged
18 to 64 years may experience annual cases of 6 per 100,000 persons, while for
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adults 65 years and above, incidence increases up to 94 cases per 100,000 persons
[77, 78]. Increasing age, male sex, tobacco smoking, environmental exposures,
genetic factors, and microbial infection are some of the risk factors for IPF [79]. If
a person is a tobacco smoker, then there are 60% more chances of him getting
IPF [80].

1.5.1 Epidemiology

IPF prevails throughout the world. IPF seems to be higher in North America and
Europe as compared to South America and South Asia. In the United States, IPF is
reported in 10-60 cases among 100,000 individuals. The rate of hospitalization is
increasing which suggests an increase in the burden of disease [81]. Data can be
variable as results will depend upon the data collection method. The regional
variation between the numbers of cases can be observed depending upon the method
of data collection, exposure to different caustic agents, and occupational risk factors.
The mortality rate in IPF is high. It may be due to increased diagnosis [82]. It is well-
known that IPF is a heterogeneous disease with a changing disease course.

1.5.2 Causes

Pulmonary fibrosis causes thickening of air sacs which prevents oxygen transfer.
This damage can be caused by several factors like:

¢ Occupational and environmental factor
— Asbestos

Silica

Dust

— Long-term exposure to animals and livestock

Metal dust

* Radiation

* Pharmacological agents like chemotherapeutic agents, CVS medications, anti-
inflammatory drugs, and antibiotics

* Also, some medical conditions like GERD, rheumatoid arthritis, pneumonia, and
polymyositis

¢ Genetic factors

¢ Tobacco smoking

1.5.3 Pathophysiology

Traditionally, IPF was considered to be an inflammatory disease of the lungs which
leads to fibrosis of lungs. IPF is now considered as a result of genetic as well as
environmental risk factors that repetitively cause tissue damage causing thickening
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of walls of alveolar sacs. In IPF, the aging of the alveolar epithelium tissue occurs
due to repetitive injury. These etiological factors start as unusual fibroblast
outgrowth, myofibroblasts cause the production of the matrix, and due to matrix
accumulation, the lung interstitium tissue becomes remolded [83]. Gas exchange
between alveoli and nearby capillaries is lost permanently.

1.5.4 Symptoms

* Dry cough

* Tiredness

» Shortness of breath and rapid and shallow breathing
» Fatigue

* Swelling of fingers called as clubbing

¢ Muscle and joint pain

* Weight loss

1.5.5 Diagnosis

* Checking of patient medical history and physical examination

* Various diagnostic tests like chest X-ray, high-resolution chest computerized
tomography scan, and lung biopsy

¢ Pulmonary function test, blood test, and genetic testing

1.5.6 Treatment

Presently, there is no absolute cure for IPF. Depending upon the patient condition,
physicians may attempt one or more of the following treatments:

* Medicines
— Kinase inhibitors: nintedanib and pirfenidone
— Antacids to relieve GERD

e Oxygen therapy

* Ventilation therapy

* Surgery like a lung transplant

Apart from the abovementioned diseases, there are numerous diseases which can
affect the lungs or respiratory systems like sarcoidosis, tuberculosis, silicosis, cystic
fibrosis, bronchitis, pleural effusion, SARS, and COVID-19.
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Abstract

Many a times, a very thin line exists between physiology and pathology. Airway
obstruction seen in the asthmatic subjects is exemplary of such phenomena.
Physiologically, airway obstruction is needed to guard the master regulator of
lung homeostasis, i.e. the alveolar epithelial cells, against the massive entry of
exogenous irritants like noxious particles, allergens and microbes into the airway.
Surprisingly, genetic predisposition with prolonged exposure to these exogenous
irritants sets off the pathological clock causing mild-moderate- severe asthma.
With time, numerous innate and adaptive immune cell types along with cytokines
have been pinpointed which participates in the pathogenesis of asthma. Though
Th2 cytokines form the foundation of the majority of the asthmatic situation,
researchers started dividing the patients as Th2-high and Th2-low asthma. The
recent con