





RESPIRATORY DISEASES

Edited by Mostafa Ghanei




Respiratory Diseases
http://dx.doi.org/10.5772/1495
Edited by Mostafa Ghanei

Contributors

John Ndegwa Maina, Ranjith Mehanderkar, Gokul Shankar, Basanta Kumar Mohanty, Wing Hung Ko, Yang Keun
Rhee, So Ri Kim, Eva Babusikova, Weihong Chen, Yuewei Liu, Xiji Huang, Yi Rong, Cruz-Morales, Jennifer Lira-
Mandujano, Michael Light, Maria Eugenia Manjarrez, Carlos Cabello Gutiérrez, Dora Patricia Rosete, Anjarath Higuera,
Jose Rogelio Perez-Padilla, Rodolfo Ocadiz, Jerry Simecka, Adam Odeh

© The Editor(s) and the Author(s) 2012

The moral rights of the and the author(s) have been asserted.

All rights to the book as a whole are reserved by INTECH. The book as a whole (compilation) cannot be reproduced,
distributed or used for commercial or non-commercial purposes without INTECH's written permission.

Enquiries concerning the use of the book should be directed to INTECH rights and permissions department
(permissions@intechopen.com).

Violations are liable to prosecution under the governing Copyright Law.

D)o

Individual chapters of this publication are distributed under the terms of the Creative Commons Attribution 3.0
Unported License which permits commercial use, distribution and reproduction of the individual chapters, provided
the original author(s) and source publication are appropriately acknowledged. If so indicated, certain images may not
be included under the Creative Commons license. In such cases users will need to obtain permission from the license
holder to reproduce the material. More details and guidelines concerning content reuse and adaptation can be
foundat http://www.intechopen.com/copyright-policy.html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not necessarily those
of the editors or publisher. No responsibility is accepted for the accuracy of information contained in the published
chapters. The publisher assumes no responsibility for any damage or injury to persons or property arising out of the
use of any materials, instructions, methods or ideas contained in the book.

First published in Croatia, 2012 by INTECH d.o.o0.

eBook (PDF) Published by IN TECH d.o.o.

Place and year of publication of eBook (PDF): Rijeka, 2019.
IntechOpen is the global imprint of IN TECH d.o.o.

Printed in Croatia

Legal deposit, Croatia: National and University Library in Zagreb

Additional hard and PDF copies can be obtained from orders@intechopen.com

Respiratory Diseases
Edited by Mostafa Ghanei

p.cm.
ISBN 978-953-307-964-6
eBook (PDF) ISBN 978-953-51-6774-7



We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

41®®+ 116,000+ 120M+

ailable International authors and editor: Downloads

Our authors are among the

151 Top 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y






Meet the editor

Professor Mostafa Ghanei, MD, was born in 1962 in Esfa-
han, Iran. He obtained his PhD in medicine in 1988, and
obtained his specialty certification in internal medicine
in 1993 from Esfahan University of Medical Sciences,
Esfahan, Iran. He has been practicing as a pulmonologist
since 1997. He is now Vice Chancellor in Research of
Ministry of Health of Iran and Head of Research Center
of Chemical Injuries, Baqgiyatallah Medical Sciences University, Tehran,
Iran. Additionally, he is a member of the European Respiratory Society,
Iranian Lung Society, Iranian Executive Board of Lung Society, National
Board Exam in Respiratory Medicine, American College of Chest Physi-
cians, and American Thoracic Society. He has many articles in the field of
basic and clinical aspects of respiratory diseases, and is one of the most
distinguished researchers in the field of chemical inhalation toxicology.







Contents

Preface XI
Part 1 Respiratory Defense Mechanisms and Inmunology 1

Chapter 1 Cordyceps Extracts and the Major Ingredient, Cordycepin:
Possible Cellular Mechanisms of Their Therapeutic
Effects on Respiratory Disease 3
Chun-kit Fung and Wing-hung Ko

Chapter 2 Cellular Defences of the Lung:
Comparative Perspectives 15
J.N. Maina

Part2 Lung Pathology and Inflammation 59

Chapter 3 The Contrasting Roles of T Regulatory Cells
in Bacterial Lung Diseases 61
Adam N. Odeh and Jerry W. Simecka

Part 3 Obstructive Lung Diseases 81

Chapter 4  Special Consideration in Treating Patients of
Overlap Between Asthma and COPD 83
So Ri Kim and Yang Keun Rhee

Part4 Smoking Hazards and Cessation Protocols 97

Chapter 5 Motivational Intervention and Nicotine
Replacement Therapies for Smokers:
Results of a Randomized Clinical Trial 99
Jennifer Lira-Mandujano and Sara Eugenia Cruz-Morales

Part 5 Interstitial Lung Diseases 129

Chapter 6 Respiratory Diseases Among Dust Exposed Workers 131
Weihong Chen, Yuewei Liu, Xiji Huang and Yi Rong



X Contents

Part 6

Chapter 7

Part 7

Chapter 8

Chapter 9

Chapter 10

Asthma 149

Oxidative Damage and Bronchial Asthma 151
Eva Babusikova, Jana Jurecekova, Andrea Evinova,
Milos Jesenak and Dusan Dobrota

Viral Infections 177

An Overview of Management of URTI

and a Novel Approach Towards RSV Infection 179
J.R. Krishnamoorthy, M.S. Ranjith, S. Gokulshankar,

B.K. Mohanty, R. Sumithra, S. Ranganathan and K. Babu

Variability of Respiratory Syncytial Virus
Seasonality and Mortality 195
Michael J. Light

Start of a Pandemic: Influenza A HIN1 Virus 217
Ma. Eugenia Manjarrez, Dora Rosete,

Anjarath Higuera, Rodolfo Ocadiz-Delgado,

José Rogelio Pérez-Padilla and Carlos Cabello



Preface

Medicine is an ever-changing science. In this regard, Respiratory medicine is not an
exception and has been evolving during recent years. As new research broadens our
knowledge, advanced methods for diagnoses are better understood, providing genetic
and underlying pathophysiology of diseases and new clinical experiences.
Consequently, publications of new resources along with revisions of previous ones
are required. Although respiratory textbooks might clearly describe several aspects of
respiratory disease, most of them contain significant information regarding both
common and uncommon diseases and disorders. Additionally, some of them are not
available or easily accessible in all countries.

In Respiratory Diseases, we introduce and describe common respiratory disorders in a
more simplistic manner. Before being published, we reviewed different proposals of
different chapters from several authors. Accepted proposals were then developed into
chapters for this book which opens with a clinical scenario that presents the results of
these authors' findings.

There are many disorders we have not yet reviewed and many more to come. After
years of producing systematic reviews, which will include the article that launched the
evidence-based medicine movement, it is time for us to update and combine our work
in one resource for learners and clinicians to enjoy in upcoming editions. However, the
edition of this book provides more room to move and opportunity for young
researchers and scientists through the world to gather, classify, and present their
knowledge in this field.

I would like to thank my colleagues around the world who have encouraged this work
and contributed to it. I give my thanks to Dr Ali Amini Harandi for his loyal assistance.

I am grateful to my family, who supported my work on many nights and weekends in
order to complete my portion of the book.

I would like to especially thank Ivana Zec, Publishing Process Manager and InTech for
their support and organization.

Dr Mostafa Ghanei
Bagiyatollah University, Teheran,
Iran
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Cordyceps Extracts and

the Major Ingredient, Cordycepin:

Possible Cellular Mechanisms of Their
Therapeutic Effects on Respiratory Disease

Chun-kit Fung and Wing-hung Ko
School of Biomedical Sciences, The Chinese University of Hong Kong, Shatin, N.T.
Hong Kong

1. Introduction

Cordyceps militaris (CM), also known as the caterpillar fungus, is a well-known, traditional
Chinese medicine that can be artificially cultivated on a large scale (Fig. 1). In recent
decades, CM extract has been reported to have different biological activities, such as anti-
tumor activity (Park et al., 2009) and immunomodulation (Shin et al.,, 2010). Similar to
Cordyceps sinensis (CS), an expensive, wild-fruiting species of Cordyceps, CM can be used to
treat certain respiratory diseases, such as asthma, bronchitis, and chronic obstructive
pulmonary disease (COPD) (Paterson, 2008). In contrast to CS, CM can be artificially
cultivated on a large scale and hence is much cheaper to produce. While CM has medicinal
properties similar to CS, it is widely used as a substitute for CS in health supplements. A
recent clinical trial demonstrated that naturally grown and cultivated mycelia of Cordyceps
are effective for the treatment of asthma (Wang et al., 2007). In addition to the treatment of
respiratory diseases, CM has beneficial therapeutic effects for patients with influenza A viral
infections (Ohta et al., 2007).

Recently, we demonstrated that the water extracts of both CS and CM can stimulate anion
secretion across Calu-3 airway epithelia with similar prosecretory activities (Yue et al., 2008).
Calu-3 monolayers have characteristics of both serous and mucus cells and more closely
resemble submucosal glands (Shan et al., 2011). Therefore, our recent paper has challenged
the traditional belief that natural Cordyceps has better therapeutic medicinal value than
cultivated Cordyceps. We show that the two have similar pharmacological properties in
stimulating transepithelial anion secretion in airway epithelia. While both CS and CM have
established efficacies for the treatment of pulmonary disorders, the cellular mechanisms that
are responsible for the medicinal properties of Cordyceps are not entirely clear. The aim of
this chapter is to discuss the potential cellular mechanisms and signal transduction
pathways underlying the prosecretory action of CS and CM extracts and their major
ingredient, cordycepin. We propose that the activation of ion transport processes by
Cordyceps extracts and cordycepin in airway epithelia may have clinical relevance and partly
explain their traditional use in the treatment of respiratory diseases, such as asthma and
COPD. In addition, the purported therapeutic effects of CS, CM, and cordycepin may be due
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to their anti-inflammatory effects on airway epithelial cells. Asthma is now defined as a
chronic inflammatory disorder of the airways, in which many immune cells (e.g. mast cells,
eosinophils) are involved. There are many similarities and differences between asthma and
COPD, but a full description of their pathophysiology and management is beyond the scope
of this chapter.

Stroma
Whole

fruiting
body

Pupa
Fig. 1. Photograph of Cordyceps militaris, showing the different parts of the fruiting bodies.

2. lon transport in airway epithelia
2.1 Role of airway epithelia in transepithelial electrolyte and fluid transport

Epithelial cells characteristically grow as distinct sheets that form the anatomical boundaries
between the relatively stable internal environment of the body and the constantly changing
environment of the outside world. Many epithelia have become specialized to permit the
controlled secretion and/or absorption of salt and water. These transport processes can be
controlled by hormones and neurotransmitters that bind to specific cell surface receptors.
Receptor occupation causes the production of characteristic 'second messenger' signals
within the cytoplasm, which then modifies cellular metabolism and evokes ion transport.
This regulated transport of salt and water is essential to the integrated function of many
organ systems, including the respiratory tract.

The hydration of the normal airway surface is dependent on the active ion transport
processes of the airway epithelia, which are highly water-permeable (Chambers et al., 2007).
Airway fluid secretion is a passive process that is driven by osmotic forces generated by ion
transport. The main determinant of a luminally directed osmotic gradient is the mucosal
transport of chloride ions (Cl") into the lumen. Airway CI- secretion is an energy-dependent
process that generates an electrical potential across the mucosal epithelium (i.e.,
electrogenic). Cations are drawn into the lumen by the established electrochemical gradient,
and water loss is an obligatory consequence of the efflux of salt. The coordinated regulation
and balance of Cl- secretion and Na* reabsorption, therefore, controls the mass of salt (NaCl)
on airway surfaces. This is important in maintaining the thickness and composition of
airway surface liquid (ASL), which in turn affects airway mucus clearance (Tarran et al.,
2006). Mucus clearance is an important component of the innate defense of the lungs against
disease. Abnormal ASL volume, salt content, or mucus clearance can compromise airway
immunity and predispose the airway to various respiratory diseases and infection (Danahay
and Jackson, 2005).
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2.2 Stimulation of CI secretion by cAMP and ca*

The mechanism of airway Cl- secretion is well understood. Increases in cAMP levels activate
Cl- secretion via luminal cystic fibrosis transmembrane conductance regulator (CFTR) CI-
channels (Boucher, 2002). In addition, cAMP also increases basolateral K* conductance,
probably via KyLQT:-type K+ channels, which hyperpolarize the membrane and increase the
driving force for apical CI- exit (Bardou et al., 2009). Calcium-activated Cl- channels (CaCCs)
are also involved in CI- secretion, and their molecular identity has recently been determined
(Caputo et al.,, 2008). Increases in intracellular Ca2* concentrations ([Ca2*];) lead to the
opening of CaCCs and basolateral SK4-type K* channels (Bardou et al., 2009), which provide
an additional driving force for Cl- exit through apical Cl- channels (i.e., CFTR and CaCCs).
Therefore, [Ca2*]; and cAMP are the two major signal transduction cascades involved in the
regulation of airway ion transport.

3. Stimulation of ion transport by CM extract and its active ingredient,
cordycepin, in Calu-3 and 16HBE14o0- cells

3.1 Calu-3 cells

To study the effects of extracts of CS and CM, and its active ingredient, cordycepin, on ion
transport activities in Calu-3 epithelia, the cells were grown on permeable supports
(Transwell-COL membranes) until confluent (Wong et al., 2009a). Calu-3 cells have many
properties of serous cells of the submucosal glands and express the highest levels of natural
CFIR of any known immortalized cell line (Haws et al., 1994; Shen et al,, 1994). The
monolayers were mounted in Ussing chambers and bathed in normal Krebs-Henseleit
solution with a basolateral-to-apical Cl- gradient. An increase in short-circuit currents (Isc),
which is an index of electrogenic ion transport, was measured by an electrophysiological
technique. Our data demonstrate that extracts of CS and CM, as well as its isolated
compound, cordycepin, all stimulate ion transport in a dose-dependent manner in Calu-3
monolayers. Apical application of 300 pg/ml CM extract or 300 pM cordycepin stimulates
the highest peak increase in Isc. The transport mechanisms involve both basolateral Na*-K+*-
2CI- cotransporters and apical CFTR Cl- channels for the uptake and exit of Cl-, respectively
(Yue et al., 2008). These data indicate for the first time that extracts of CS and CM, and
cordycepin could stimulate transepithelial Cl- secretion and may therefore promote fluid
secretion by human airway epithelial cells. Insufficient fluid secretion leads to airway
dehydration, which hampers clearance of secreted mucus and promotes airway
inflammatory conditions, such as asthma and bronchitis. In addition, the fluid lining the
airway serves as an anatomical barrier between inspired pathogens/particulates and the
epithelial surface. Decreased ion transport activity of the surface epithelium may therefore
compromise its innate lung defense function and exacerbate airway inflammation (Clunes et
al., 2008). Since Cordyceps has proven clinically efficacy for treating patients with chronic
bronchitis and COPD, the effects observed in promoting Cl- secretion may partially explain
the mechanism that underlies this efficacy.

3.2 16HBE140- cells

Apart from the recent data on Calu-3 cells, our laboratory has further investigated the
cellular signal transduction mechanisms underlying the prosecretory effects of CM extract
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and cordycepin in 16HBE14o0- cells, an immortalized cell line that was derived from human
bronchial surface epithelium (Cozens et al., 1994). It is a good model to study transepithelial
Cl- secretion (Bernard et al., 2003; Bernard et al., 2005), airway inflammation, and airway
remodeling (Holgate et al., 1999; Kidney and Proud, 2000; Puddicombe et al., 2000). An
electrophysiological technique, similar to that described above, was employed to examine
the prosecretory effects of CM extract and cordycepin on 16HBE140- cells. The involvement
of various ion channels located at the apical and basolateral membranes was investigated by
pharmacological approaches. Different ion channels inhibitors, such as CFTRin172 (CFTR
inhibitor), DIDS (Ca?* activated Cl- channel inhibitor), 293B (cAMP-dependent K* channel
blocker), etc., were used to delineate the transport mechanism. The involvement of different
second messengers, such as Ca?* or cAMP, was examined by fluorescence imaging
techniques using specific pathway inhibitors. Our data suggest that CM extract stimulated
transepithelial Cl- secretion in 16HBE140- cells through apical CFTR Cl- channels and/or
CaCCs. Basolateral cAMP- or Ca2*-activated K* channels were activated by CM extract to
provide a driving force for apical Cl- secretion. The underlying signal transduction
mechanisms involve both cAMP- and Ca?*-dependent pathways (Fung et al., 2011).

The pharmacological properties of CM have been studied for more than 50 years since
cordycepin (3'-deoxyadenosine) was isolated from CM (Cunningham et al, 1950).
Cordycepin is a major bioactive component of CM and has been detected in different parts
of the CM fruiting body, ranging from 0.16 to 0.25% (w/w) (Yue et al., 2008). In 16HBE140-
cells, apical or basolateral application of cordycepin resulted in a stimulation of Isc, which
has been shown to be due to Cl- secretion (Fung et al., 2011). Both apical and basolateral
addition of cordycepin stimulates a concentration-dependent increase in Isc (Fig. 2).
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Fig. 2. Stimulation of Cl- secretion by cordycepin in 16HBE14o0- cells. (A) A representative Isc
trace in response to cordycepin applied apically to 16HBE140- epithelia (ap, 10 pM). The
horizontal dotted line represents zero Isc. The transient current pulses are the result of
intermittently clamping of the potential at 1 mV for the calculation of transepithelial
resistance using Ohm’s law. The record is representative of six experiments.

(B) Concentration-response curves for changes in Isc in response to cordycepin added either
apically or basolaterally. Each point represents the mean + S.E. for at least six experiments.
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In order to ascertain which types of Cl- and/or K* channels mediated the stimulation of CI-
secretion caused by cordycepin, the CFTR CI- channel (CFIRiniz2) and CaCC (DIDS)
blockers as well as the intermediate conductance Ca?*-dependent (TRAM-34) and cAMP-
dependent K* channel (293B) blockers were used. As shown in Figure 3, the current evoked
by cordycepin could be significantly inhibited in the presence of Ca2*- and cAMP-dependent
Cl- and K* channel blockers.
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Fig. 3. Effects of CI- (A) and K* (B) channel blockers on Isc responses to cordycepin. The
control was the apical or basolateral application of cordycepin (10 M) alone. Each column
represents the mean + S.E. (**p < 0.01, ***p < 0.001, Student’s ¢ test compared with control,
n = 4-5).

The cordycepin-evoked Isc was sensitive to both cAMP- and Ca?*-dependent channel
blockers, suggesting that Cl- secretion was mediated by these two signaling molecules.
Indeed, the cordycepin-evoked Isc could be inhibited by the adenylate cyclase inhibitor,
MDL-12330A, and the protein kinase A inhibitor, H-89. Adenylate cyclase is responsible for
the generation of intracellular cAMP, while protein kinase A is the downstream signaling
target of cAMP. Therefore, both CFTR Cl- channels and cAMP-dependent K* channels
expressed in 16HBE14o0- cells could by stimulated by cordycepin through the activation of
the cAMP/protein kinase A signaling pathway (Bleich and Warth, 2000; Li and Naren,
2010). In addition to the activation of the cAMP-dependent pathway, cordycepin evoked a
concentration-dependent increase in intracellular [Ca2*] as measured by Fura-2 imaging
(Lau et al., 2011) (Fig. 4). Our experimental data, therefore, indicate that cordycepin exerts a
similar prosecretory action and activates the same signal transduction pathways, namely
Ca?* and cAMP, in human airway epithelia compared with CM extract, suggesting that
cordycepin is responsible, at least in part, for the medicinal effects of CM.
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Fig. 4. Concentration-response curve for changes in [Ca2]; (represented by 340/380 nm
Fura-2 ratio) elicited by cordycepin (in pM). Changes in [Ca2*]; were plotted against the
logarithm of cordycepin concentration (1 = 4-9). Each data point represents the mean + S.E.

4. Anti-inflammatory effects of CM extract
4.1 Role of airway epithelium in inflammation

In addition to the regulation of electrolyte and fluid transport, airway epithelia also play a
key role as regulators of inflammation and immunity (Bals and Hiemstra, 2004). The airway
epithelium participates in inflammation in many ways. The cells can act as targets that
respond to exposure to a variety of inflammatory mediators and cytokines by altering one or
several of their functions, such as mucin secretion or ion transport (Adler et al., 1994).
Moreover, the surface epithelium itself is responsible for the synthesis and release of
cytokines that cause the selective recruitment, retention, and accumulation of various
inflammatory cells (Jeffery, 2000). Certain inflammatory cytokines alter the fluid and
electrolyte transport of the airway epithelium. Therefore, airway diseases, such as asthma,
can be considered diseases of the bronchial epithelium, which could contribute to the
pathophysiology of airway inflammation (Holgate et al., 1999).

4.2 Cytokines as bronchial epithelial ion transport regulators

Recent studies suggest that certain inflammatory cytokines affect transepithelial ion
transport. The T-helper 1 cytokine, interferon-y (IFN-y), inhibits both Na* reabsorption and
cAMP-mediated CI- secretion in human bronchial epithelial cells (Galietta et al., 2000). This
is due to the downregulation of epithelial Na* channel and CFTR activities. In contrast, IFN-
v upregulates the Ca2?*-dependent CI- secretion that is stimulated by UTP (Galietta et al.,
2000), which binds to P2Y, receptors (Mason et al., 1991). The net effect is a reduction in
fluid absorption, which favors the hydration of mucus secretion. In 16HBE14o0- cells, both
IL-9 and IL-13 augment UTP-induced Cl- secretion via the increased expression of hCLCA1,
a Ca?*-activated Cl- channel (Endo et al., 2007). Inhibition of CaCCs by niflumic acid has
been shown to control IL-13-induced asthma phenotypes by suppressing JAK/STAT6
activation (Nakano et al., 2006). Therefore, certain cytokines change the balance between
fluid absorption and secretion to favor hydration of the airway surface and, consequently,
mucus clearance (Galietta et al., 2004).
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4.3 Anti-inflammatory effects of CM extract

Both CM and cordycepin have been shown to possess anti-inflammatory activities against in
vitro and in vivo models of inflammation (Cheng et al., 2011; Han et al., 2011; Jeong et al.,
2010). CPS-1, a polysaccharide purified from CM extract, was shown to have anti-
inflammatory effects in mice, possibly via the suppression of humoral immunity (Yu et al.,
2004). Similar anti-inflammatory effects of CM extract and cordycepin were also observed in
a study by Won and Park (Won and Park, 2005). CM extract also suppressed intestinal
inflammation in an acute colitic mouse model by inhibiting the level of pro-inflammatory
cytokine mediators, such as TNFa (Han et al., 2011). In microglia, cordycepin is capable of
inhibiting the expression of pro-inflammatory cytokines, such as TNFa and IL-1p (Jeong et
al., 2010). However, there have been very few studies addressing the anti-inflammatory
effects of Cordyceps extracts or cordycepin in the respiratory system. Hsu et al. reported that
CM extract can modulate airway inflammation in a mouse model of asthma, but the
therapeutic effects are less than those of two commonly used western medicines, namely
prednisolone and montelukast (Hsu et al.,, 2008). On the contrary, a recent randomized,
double-blind, placebo-controlled trial in asthmatic children (Wong et al., 2009b) challenged
the use of CS extract as an asthma therapy. In this study, children with asthma were treated
with a herbal formula of dried aqueous extracts of five herbs containing CS. However, no
significant differences were found between the treated group and the placebo group (Wong
et al., 2009b). Therefore, there is still controversy over the treatment of asthma using
Cordyceps extracts.

5. Conclusion

In summary, CM extract stimulates anion secretion from both surface epithelia of the
airways (16HBE14o- cells) and submucosal glands (Calu-3 cells). Figure 5 shows the cellular
signaling mechanisms underlying the effects of CM extract and cordycepin. Enhancing fluid
and electrolyte transport may improve both airway surface hydration and mucus clearance,
which becomes hypersecreted in various respiratory diseases, such as asthma and COPD.
Therefore, this stimulatory effect of CM extract and cordycepin on major secretory cell types
of the upper airways may account for its traditional use in treating different respiratory
diseases. Our previous study suggests that 16HBE140- cells can secrete interleukin- (IL-) 6
and IL-8, two important pro-inflammatory cytokines, towards the mucosal side in a
polarized fashion (Chow et al, 2010). This phenomenon may contribute to the
pathophysiology of asthmatic inflammation and the development of other inflammatory
lung diseases (Chow et al., 2010). Therefore, the therapeutic effects of CM and cordycepin on
airway diseases may be attributed to their influences on immune response regulation (Das
et al., 2010), although the detailed molecular mechanisms await to be elucidated.

Further study is required to delineate the immunomodulatory effects of CM extract and
cordycepin in both normal and diseased airway epithelia. In particular, it would be
interesting to determine whether the stimulatory effects on ion transport could be attributed
to cytokine secretion. Further experiments are needed to purify and characterize the other
active component(s) present in the CM extract and determine the mechanisms of action for
their therapeutic effects since the prosecretory action of CM extract is not solely explained
by the presence of cordycepin. Calu-3 and 16HBE14o0- cells are models for submucosal
glands and airway surface epithelium, respectively. The airway consists of different cell
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types, such as goblet (mucous) cells, which secrete mucins. Goblet cell hyperplasia or
metaplasia is commonly seen in airway diseases, such as asthma, COPD, and chronic
bronchitis (Rogers, 2007). It is important to examine whether CM extract or cordycepin has
any effect on mucus secretion by goblet cells. Finally, more carefully conducted clinical trials
should be performed to evaluate the therapeutic potential of CM extract and its major
ingredients in the treatment of respiratory diseases.

DIDS MDL-12330A
) \/ CFTRinn-172
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A @ stimulatory effect
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Bl
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K K*
Intermediate conductance cAMP-dependent
Ca?*-activated K* channels K* channels

CM water extract
cordycepin

Fig. 5. Cellular mechanisms underlying the prosecretory effects of CM extract and
cordycepin.
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‘Our lungs are highly complex organs that are exquisitely
specialized for gas exchange and host defense.’
Rawlins (2010)

1. Introduction
1.1 General considerations

The most important function of the lung is to acquire molecular oxygen and eliminate
carbon dioxide. Except probably for the gastrointestinal system, no other organ in the body
interacts with the external environment as constantly and as intimately as the respiratory
system. For example, during a 24 hour period, at rest, the human lung is ventilated ~25,000
times with ~20,000 L of air (e.g. Burri, 1985; Brain, 1996), it has a respiratory surface area
(RSA) of ~140 m? (about the size of a tennis court) which is located in the acini that lie no
more than 40 to 50 cm from the external environment (air) (e.g. Weibel, 1984), and the
thickness of the blood-gas (tissue) barrier (BGB) (harmonic mean thickness, tht) is 0.62 pm, a
value about one-fiftieth of the thickness of a foolscap paper or that of a human head hair
(Gehr et al., 1978, 1990a). By weight, each day, more than 20 kg of air enters and leaves the
human body, a load that far exceeds that of food and water ingested during the same time
period (Brain, 1996). Depending on the level of air pollution, different types and quantities
of foreign particulates and microbial pathogens are inhaled. While large RSA and thin BGB
increase gas exchange, the concomitant downside to these structural properties is that they
make the lung a leading portal of entry and therefore attack by pathogenic micro-organisms,
damage by allergens and particulates, and injury by noxious gases (e.g. Brain, 1984, 1992;
Lambrecht et al. 2001; Garn et al., 2006). The inhaled particulates are deposited on the
epithelial lining of the conducting airways and that of the peripheral air spaces where they
are retained for various durations before they are removed or destroyed (e.g. Geiser et al.,
1988; Gehr et al.,, 1990 a, b). Brain (1996) observed that ‘the lung is unique in that the marriage
between environment and lung disease is profound. The respiratory system threfore forms a huge
challenge to the body’s immune integrity (e.g. von Garnier and Nicod, 2009).
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According to the United Nations Environmental Program (UNEP) and the WHO Report
of 1994 (UNEP-WHO, 1994), annual averages of 600 mg/cm3 and peak concentrations that
may exceed 1,000 mg/cm? of solid particles occur in the air that covers many of the
world’s large metropolis. The frequency and severity of respiratory diseases that arise
from inhalation of airborne particles are on the increase (e.g. EPS, 1996; Peters et al., 1997;
Wichman and Peters, 2000; Warheit et al., 2009). Epidemiological studies have shown that
even moderate inhalation of particulates, especially those of a diameter <10pm (PMio),
cause high morbidity and mortality not only from respiratory but also from
cardiovascular diseases, especially in individuals with pre-existing medical conditions
(e.g. Dockery et al., 1993; Schwartz, 1994; Brunekreef et al., 1995; Ware, 2000; Pope, 2000;
Nemmar et al., 2002; Pope et al., 2002; Suwa et al., 2002; Schulz et al., 2005; Kaufman, 2010;
Brook et al., 2010; van den Hooven et al., 2011; Kampfrath et al., 2011). PM; 5 cause airway
inflammation that presents in form of influx of committed monocytes, even in healthy
individuals (Schaumann et al., 2004). Pulmonary afflictions and diseases have
considerable socioeconomic impact. For example, in the United Kingdom, in 2006 more
people died from respiratory diseases than from coronary disease or cancer and the cost
to the National Health Service (NHS) was over £6.6 billion (BTS, 2006). According to the
National Institutes of Health (NIH), in the United States, people suffer an average 1 billion
colds per year and in 2006 the country spent more than 3 billion dollars to investigate
respiratory-related diseases (http://www3.niaid.nih.gov/topics/commonCold/). Over
10% of hospitalizations and in excess of 16% of deaths in Canada are attributed to
respiratory diseases (http:/ /www.phac-aspc.gc.ca/ccdpe-cpeme/ crd-
mrc/facts_gen_e.html). According to the Canadian Lung Association (CLA), the economic
burden of respiratory disease in the Country is ~3 billion ($US) dollars
(http:/ /www.bukisa.com/articles/455926_lung-health-occupational-health-
incidence#ixzz114jwMvBX). Based on net changes in gross domestic product (GDP)
growth forecasts, the estimated annual cost of SARS (Sudden Avian Respiratory
Syndrome) in Asia exceeds 10 billion dollars ($3US) (Lee and McKibbin, 2003; Fan, 2003;
McKibbin and Sidorenko, 2006) and according to the World Bank’s estimates, an influenza
pandemic may result in a loss (expenditure) of 800 billion dollars ($US) (Brahmbhatt,
2005): each year, seasonal influenza affects 5%-15% of the population in the northern
hemisphere, with some some 3-5 million infections worldwide requiring hospitalization
or leading to death (Sanders et al., 2011; http://www.euro.who.int/en/what-we-
do/health-topics/diseases-and-conditions/influenza/seasonal-influenza ~ 2010).  For
poultry, an important relatively more affordable source of animal protein, worldwide
losses from respiratory diseases are estimated to cost the broiler industry over 1 billion
dollars ($US) annually (e.g. Dekich, 1997; Currie, 1999; Wideman, 2005). Because avian
species form an important reservoir of human infections, it is vital to study and
understand avian toll-like receptors and related recetors so as to both design vaccine
adjuvants and substitutes to the widespread application of antibiotics and in selection of
strains of birds with augmented pathogen resistance.

By exerting direct selective pressure and evolving novel strategies of evading and surviving
host defences (e.g. Litman et al., 1993; DuPasquier, 1993; Bartl et al., 1994; Beck and Habicht,
1996; Spurgin and Richardson, 2010; Finlay and Buckner, 2011), microbial pathogens have
directly and indirectly fundamentally shaped the genetic and the phenotypic diversity of
life. One of the most complex and astounding biological designs - the immune system - by
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which ‘non-self’ is recognized, neutralized, and eliminated has developed to counter
continuous assaults (e.g. Janeway, 1993; Beck et al. 1994; Litman, 1996; Beck and Habicht,
1996; Wang et al., 2011; Yewdell and Dolan, 2011; McClung, 2011). In vertebrates, the genes
for the major histocompatibility complex show how natural selection maintains variation in
wild-populations of animals (e.g. Klein, 1986, Hughes and Neil, 1989; Apanius et al., 1997;
Hughes, 1999; Meyer and Thompson, 2001; Hess and Edwards, 2002; Meyer and Mack,
2003). A diverse and extensive immune defence system that comprises of cellular (innate =
natural)- and immunological (adaptive = acquired = specific) immunities have formed for
protection (Fig. 1). The innate immune system which predominates in plants, fungi, insects,
and the primitive multicellular organisms is believed to have formed first (e.g. Litman et al.,
1993; DuPasquier, 1993; Bartl et al., 1994; Beck and Habicht, 1996; Hazlett and Wu, 2011).
Invertebrates lack lymphocytes and antibody (immunoglobulin) based humoral immune
system while lectins which are found in plants, bacteria, invertebrates, and vertebrates
should have developed earlier (e.g. DuPasquier 1993; Beck et al., 1994). In certain interesting
ways, the immunities of the sharks and skates are similar to the human one (e.g. Litman
1996). Many aspects of the invertebrate host defense mechanisms and their control signals
have been conserved and carried over from lower to higher orders of animals (e.g. Mulnix
and Dunn, 1995; Brownlie and Allan, 2011).

While among vertebrates host defences have been well-studied, mainly in the laboratory
mammals and in the humans (e.g. Green et al., 1977; Johnson and Philip, 1977; Geiser, 2002;
Whitset, 2002; Alexis et al., 2006), birds have only been modestly investigated (e.g. Ochs et
al., 1988; Maina and Cowley, 1998; Nganpiep and Maina, 2002; Reese et al., 2006), and only
scanty details exist on amphibians and reptiles (e.g. Bargmann, 1936; Grant et al., 1981;
Welsch, 1981, 1983; Maina, 1989; Conlon, 2011). The need to understand immunological- and
cellular defences in different animal taxa is becoming more important because of the most
recent flare-up of high morbidity and mortality zoonotic infectious diseases, e.g., bovine
spongiform encephalopathy, hemorrhagic fever, swine influenza, avian influenza H5N1,
hantavirus, West Nile virus disease, Nipah virus, Rabies, leptospirosis, Rift Valley fever, and
lyme disease (e.g. Rehman, 1998; Field et al., 2001; Cleaveland et al., 2001; Burroughs et al.,
2002; Krauss et al., 2003; Chen et al., 2004; Brown, 2004; Chomel et al., 2007; Greger, 2007).
The term ‘zoonosis” was coined by Rudolph Virchow (1821-1902) in his studies of the pig
muscle parasite, Trichnella. Factors like increase of human population and consequently
ecological pressures on land leading to relocation to totally new habitats (e.g. Tilman et al.,
2001; Daszak et al., 2001; Patz and Wolfe, 2002; Patz et al., 2004) and globalization with its
rapid mass movement of people, animals, animal products, and global warming (e.g. IPCC,
2007; Sachan and Singh, 2010; Mills et al., 2010) are some of the factors that have been
implicated in the recent outbreaks of zoonotic diseases (e.g. Burroughs et al., 2002).
Comparative immunology has shown some esoteric immune related systems and
substances that have potential for use as medications for humans (Boman and Hultmark,
1987; Hoffman and Hetru, 1992; Litman, 1996; Beck and Habicht, 1996).

The term ‘macrophage’, which derives from Greek, means ‘large eaters’; a phagocyte
literally means ‘eating cell’; and, to “phagocytose’” means ‘to eat’. Large leukocytic cells
which in tissues differentiate into organ- specific (dedicated) subpopulations, macrophages
move between tissue compartments in pursuit of invading pathogens and harmful
particulates. The phagocytic cells of the immune system include macrophages, neutrophils,
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and dendritic cells. On activation by an antigen, phagocytes release and/or react to a group
of highly specialized molecular signals called cytokines, e.g., interferons, interleukins (e.g.
IL-1 and IL-6), and tumour necrosis factor (TNF) (e.g. Beck and Habicht, 1991; Gerlach et al.,
2011). They also recognize and usually eliminate ‘altered self’, i.e., cells or tissues that have
died, commonly by programmed cell death (apoptosis) or have changed by injury or disease
like cancer.

Innate and intrinsic hest
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sysiem
Epithellal Prafessional
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Slerile lung

Recrutment
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Fig. 1. The sterility of the lung is maintained by complex and efficient interplay of innate-
(cellular) and acquired immune factors/systems. Pathogens and particulates that gain enty
into it are neutralized, removed or sequestered.

Macrophages form an important part of the innate immune system that comprises of a
group of cells that instantly defend the host from infection in a non-specific (generic)
manner. In contrast to acquired immunity, macrophages don’t confer long-lasting or
protective immunity to the host. The common strategies by which bacteria become
pathogens were comprehensively reviewed by Finlay and Falkow (1997). It is evident that
pathogenic bacteria evolved from related non-pathogenic microorganisms by genetically
gaining relatively large parts of genetic material that encode for virulence factors rather than
by slow, adaptive evolution of pre-existing genes (e.g. Blum et al., 1994, 1995; Lee, 1996;
Cheetham and Katz, 1995; Finlay and Falkow, 1997) and that the relentless nature of the
challenge (selective pressure) posed by pathogens on animals (and even on plants) affected
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the evolution of host genes, conceivablyby selecting for changes (genetic) that promote
survival (Finlay and Falkow, 1997). This may have lead to sudden radical changes in the
way antibody genes are organized (Litman, 1996). Pathogenic microorganisms appear to
evolve in quantum leaps, normally by their gaining genetic segments (factors acquired from
unrelated organisms) that encode for multiple virulences (Finlay and Falkow, 1997).

Definition of abbreviations
AM Alveolar macrophage
BEC Bronchial epithelial cell
BGB Blood-gas (tissue) barrier
BM Bronchial macrophage
BMM Bone marrow monocyte
DC Dendritic cell
PIM Pulmonary interstitial macrophage
PM Pulmonary macrophage
PIVM Pulmonary intravascular macrophage
PIM Pleural macrophage
PSM Pulmonary surface macrophage
ROS Reactive oxygen species

1.2 Pulmonary defences and macrophages

Having a lot to do with the fact that it is continuously exposed to insults from inhaled
particulates, allergens, noxious gases, and pathogens over a large surface area and across
thin BGB (e.g. Gehr et al., 1978; Meban, 1980; Maina and King, 1982; Rohmann et al., 2011),
directly and indirectly, the respiratory system is exceptionally well-defended (e.g. Brain,
1980, 1992; Bedoret et al., 2009) (Figs. 1, 2). Directly, it is endowed with a formidable number
of mechanical, physical, and cellular defences which are augmented by inflammatory and
immune responses (e.g. Nicod, 2005). The inventory includes: a) a cough reflex that
mechanically removes deposited irritants (Eckert et al., 2006; Canning, 2008; Poth and
Matfin, 2010); b) a surface lining (surfactant) (Schiirch et al.,, 1990; Gehr et al., 1990a, b;
Geiser et al., 2003; Gehr et al., 2006), c) the BGB (e.g. Gil and Weibel, 1971; Maina and King,
1982; Gehr et al., 1990a, b; Maina and West, 2005); d) ciliated, mucus covered epithelium that
traps, destroys, and clears deposited particulates through a mucociliary escalator system
(e.g. Kilburn, 1968; Lippmann and Schlesinger, 1984; Geiser et al., 1990, 2003; Whitsett, 2002;
Callaghan and Voynow, 2006) (Figs. 3-6); e) motile phagocytic cells (macrophages) that
engulf, destroy, and sequester harmful particulates and pathogens (e.g. Geiser et al., 1990;
Nicod, 2005) (Figs. 7-14); f) epithelium endowed with tightly packed cells that physically
stop and destroy harmful agents (e.g. Breeze and Wheeldon, 1977; Harkema et al., 1991;
Godfrey, 1997; Maina and Cowley, 1998; Nicod, 2005; Nganpiep and Maina, 2002) (Fig. 4),
and; g) strategically placed mucosal and bronchial lymphatic tissue that is involved in the
dissolution and antibody labelling of foreign particulates (Fagerland and Arp, 1990, 1993;
Crapo et al., 2000; Reese et al., 2006).

Considering the intensity and the regularity of daily attacks to which it is exposed, its
capacity of adapting to shifting environmental conditions, and the relative infrequency of
diseases, the efficiency of the defences of the respiratory system is bewildering. In actual
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fact, the mechanisms and processes are so proficient that when pulmonary diseases and/or
other pathologies are absent, the respiratory system is practically sterile below the larynx
(e.g. Laurenzi et al., 1964; Green and Kass, 1964; Brain, 1980, 1984; Fawcett, 1986, Warheit et
al., 1988; Brain, 1988; Steinmiiller et al., 2000; Whitsett, 2002). This level of ‘cleanliness’
emanates from the diverse, well-coordinated pulmonary host defences that adeptly
neutralize pathogenic microorganisms like bacteria, fungi, viruses, and harmful particulates
that are inhaled or brought to the lung through blood (e.g. Zetterberg et al., 1998; Laskin et
al., 2001; Whitsett, 2002; Pabst and Tschernig, 2002; Camner et al., 2002; Tschernig et al.,
2006; Moniuszko et al., 2007; Tschernig and Pabst, 2009).

Eronchial macrophages,
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Dendritic cells

Interstitial and
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]
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[ =1 Rurfare
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Fig. 2. Cellular defences of the respiratory system. Consistent with its high exposure to
particulate matter and pathogenic microorganisms, the lung is very well-protected by
various populations of phagocytic cells. Depending on need and circumstances, the cells can
transfer from one compartment to another.

Among the cellular defences of the respiratory system, at the gas exchange level, pulmonary
surface macrophages (PSMs) form the frontline defence of the lung. Highly specialized cells,
macrophages clear dead host cells while defending against infection by broad range of
pathogen-recognition receptor and their ability to produce inflammatory cytokines and
chemokines that control the replication of the invaders (e.g. Gordon, 2002; Hazlett and Wu,
2011). Macrophages are highly specialized, robust motile cells that belong to a range of
subpopulations: in different forms and locations, they display different behaviours and
functions (e.g. Bowden, 1976; Dougherty and McBride, 1984; Lehnert, 1992; Brain, 1992;
Gordon, 2002; Gordon and Taylor, 2005; Geissmann et al., 2010a, b; Schneberger et al., 2011).
By detecting injurious agents, phagocytosing them, and acting as effector cells for both
humoral and cell-mediated immune responses, macrophages serve as the frontline innate
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defence cells of the lung and as sentinels of the immune system of the body (e.g. Fels and
Cohn, 1986; Pedo et al., 1993; Warheit and Hartsky, 1993; Yamaya et al., 1995; Rubovitch et
al., 2007). A relationship exists between the numbers of PSMs [like the alveolar macrophages
(AMs)] with the level of environmental pollution (Brain, 1971, 1987; Nagdeve, 2004;
Sichletidis et al., 2005; Mateen and Brook, 2011; Conklin, 2011). Even with an elegant defence
inventory, respiratory diseases, especially those caused by air pollution, are on the increase
(e.g. Peters et al., 1997; Mateen and Brook, 2011; Conklin, 2011). After the particles or
pathogens have eluded or overwhelmed the epithelial barrier of the upper airways, they
come into contact with the dedicated antigen presenting dendritic cells (DCs) (e.g. Steinman
and Cohn, 1973; Nicod, 1997; Lipscomb and Masten, 2002; Holt, 2005) which are highly
phagocytic (Dreher et al., 2001; Kiama et al., 2001, 2006; Walter et al., 2001). If they reach the
alveolar surface, they are dealt with by the PSMs (e.g. Bowden, 1976; Goldstein and
Bartlema, 1977; Geiser, 2002).

While macrophages are central to the defence of the lung from assaults by injurious
materials and pathogenic agents (e.g. Holt et al., 1982; Brain, 1984; Weissler et al., 1986), their
roles extend beyond engulfing (phagocytosing) and neutralizing harmful agents. They are
secretory and regulatory and control activities of other cells like neutrophils, lymphocytes,
and fibroblasts (e.g. Adamson and Bowden, 1981). Contrary to their well-serving protective
activities, under certain conditions, macrophages function as a ‘double-edged sword”: they
can initiate, exacerbate, and prolong inflammatory responses that cause immune
suppression and progression of pathologies like cancer, leading to higher morbidity and
mortality (e.g. Brain, 1976, 1980, 1984, 1986, 1992; Brain et al., 1984; Bowden, 1987; Warner,
1996; Yanagawa et al., 1996; Fireman et al., 1999; Ishii et al., 2005; Parbhakar et al., 2005;
Rubovitch et al., 2007; Shimotakahara et al., 2007; Sica and Bronte, 2007; Kaczmarek et al.,
2008; Gill et al., 2008; Biswas et al., 2008; Aharonson-Raz and Singh, 2010; De Palma and
Lewis, 2011).

In spite of their widely accepted common origin from the bone marrow, their hematogenetic
origin (e.g. Brain, 1976, 1984; van Furth, 1982; Geiser, 2010), macrophages display great
phenotypic and functional heterogeneity (Krombach et al., 1977, Nguyen et al., 1982;
Lehnert, 1992; Warheit and Hartsky, 1993; Kiama et al., 2008). Local environments largely
determine the structural and functional differences (e.g. Morrissette et al., 1999). Within and
between animal species, the immune reactions, phagocytic competences, and the
cytoenzymological properties of different groups of macrophages have been shown to be
spatially compartmentalized: observations made on one population of macrophages may
therefore not correctly apply to another. For example, the AMs have slower rate of
phagocytosis, higher motility, and faster particle clearance compared to the pulmonary
intervascular macrophages (PIVMs) (Molina and Brain, 2007). Compared to the human
ones, the dog’'s AMs have relatively less cytoplamic motility when acutely exposed to
cigarette smoke (Yamaya et al., 1989) and during acute asthmatic attack (Yamaya et al,,
1990). Among rodents, the AMs of the rat lung are the most efficient in clearing inhaled iron
particles while the hamster ones are recruited to the site of particle deposition by
noncomplement-mediated mechanism (Warheit and Hartsky, 1993) while the hamster and
guinea pig’'s AMs best respond to bacteria (Warheit et al., 1988). Compared to those of the
rat, the PSMs of the bird lung phagocytose polystylene particles more efficiently (Kiama et
al., 2008).
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The term “pulmonary macrophage’ (PM) loosely refers to cells that occupy two anatomical
compartments of the lung: in the upper airways are the bronchial macrophages (BMs) and in
the lower respiratory tract are the surface (free) macrophages (SMs) (e.g. Crowell et al,,
1992). Other groups of phagocytes, however, exist in other parts of the lung. These are the
dendritic cells (DCs), the pleural macrophages (PIMs), the pulmonary interstitial
macrophages (PIMs), and in the lungs of certain species of animals the pulmonary
intravascular macrophages (PIVMs). The structural attributes and the functional roles of
these groups of cells are succinctly described below. To the best of my knowledge, this is the
first comprehensive review of the biology of the PMs from a comparative perspective.

2. Pulmonary surface (free) macrophages (PSMs)

Acting as scavengers on the respiratory surface, the highly motile PSMs phagocytose,
neutralize, and sequester harmful foreign materials (e.g. Sibille and Reynolds, 1990; Kelley,
1990; Lohmann-Matthes et al., 1994; Steinmidiller et al., 2000). Also, by having receptor sites
for immunoglobulins and complement on their cell membranes, PSMs contribute to the
health of the lung by passing on specific information to immunologically competent cells
like neutrophils, lymphocytes, and plasma cells, in so doing promoting antigen-antibody
response (e.g. Said and Foda, 1989; Ooi et al., 1994). PSMs appear to stimulate and promote
repair of epithelial cells after injury by releasing a growth factor (e.g. Takizawa et al., 1990).
Interaction between PSMs and bronchial epithelial cells (BECs) during exposure to
particulates with a diameter of less than 10 pm (PMjg) contributes to production of
mediators (molecular factors) that induce a systematic inflammatory response (e.g. Hirano,
1996; Fujii et al., 2002; Ishii et al., 2005; Rubovitch et al., 2007).

Large, mononuclear cells, PSMs consist of several subtypes that can be categorized by
criteria like size, morphology, numbers, motility, ingestion and handling of foreign
materials, adherence onto surfaces, and expression of surface receptors (e.g. Brain, 1976,
1980, 1992; Zwilling et al., 1982; Nguyen et al., 1982; Holt et al., 1982; Warheit et al., 1984,
1986; Sebring and Lehnert, 1992; Spiteri et al., 1992; Lavnikova et al., 1993; Johansson et al.,
1997). The existence of subpopulations of macrophages that have functionally distinct roles
in airway immunity derives from the individual bone marrow precursor cells and the
environment that they reside in (Gant and Hamblin 1985). Compared to the PIVMs, the rat
PSMs exhibit marked microbial activity through high production of reactive oxygen species
(ROS), nitric oxide (NO), and tumour necrotic factor-a (TNF-a) (Steinmiiller et al., 2000).
Exposure of rats to NO induces infiltration of AMs that are phenotypically and functionally
different (regarding mediator mRNA expression and production as well as mRNA
expression for several matrix metalloproteinases) from the resident AMs (Garn et al., 2006).
Ensuing from infection or overwhelming by irritants, need for more macrophages is met by
in situ replication of existing cells, release of pre-existing cells from various compartments
(reservoirs) within the lung, increased production from macrophage precursors in the lung
interstitium, and increased flux of monocytes from blood to the lung (e.g. Brain, 1980, 1992).
The PSMs are renewed at a rate of ~1-2% of the total number of cells in the lung (e.g. Shellito
et al., 1987) daily.

The temporal sequence of particle clearance by phagocytes entails particle identification,
endocytosis, and transport from the alveolar surface (Green, 1973, 1984; Warheit et al., 1984).
Resting freely on the respiratory surface, PSMs are directly exposed to particulates,
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secreting cells (MC). Er, erythrocyte. Fig. 5.-6. Respiratory epithelium at the bronchiole level
showing Clara cells (CC) interspersed between ciliated cells (arrows). Figs. 7.-14. Surface
macrophages (arrows) of the mammalian- (Figs. 7-12) and the frog lungs (Fig. 13. -14.). Stars,
filopodia (feet); Er, erythrocyte; asterisks, lysosomes; Nu, nucleus; Ep, epithelial cell. Scale
bars: Figs. 3, 30 pm; 4, 45 pm; 5, 30 pm; 6, 50 pm; 7, 10 pmy; 8, 25 pm; 9, 10 pmy; 10, 10 pmy; 11,
10 pmy; 12, 15, pm; 13, 20 pm; 14, 10 pm.

environmental toxicants, and pathogens. In contrast to fixed or interstitial macrophages that
are attached to the collagenous fibers of the tissue matrix, they (PSMs) actively move over
the respiratory surface by ameboid movement that entails formation of deformations of the
cell membrane, leading to cytoplasmic extensions (advancing lamella = filopodia =
pseudopodia) in the direction of the movement, pulling the main part of the cell with it
(Figs. 10, 11, 13, 14). Actin-binding protein and myosin advance in the tips of the filopodia
(Reaven and Axline, 1973; Stossel and Hartwig, 1976, Hartwig et al., 1977). In addition to
effecting movement, formation of filopodial extensions by contractile proteins is involved in
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phagocytosis of foreign agents (Stossel, 1978; Zigmond and Hirsch, 1979). Cytoplasmic
motility corresponds with phagocytic activity of PSMs: both cytoplasmic movement and
phagocytosis may be regulated by similar mechanism in the cytoskeletal system (Yamaya et
al., 1995). Once the phagocytosed particle is engulfed, i.e., is enclosed within the invaginated
cell membrane and transferred to a cytoplasmic location, it is called a phagosome.

Macrophages are chemotactically driven to foreign materials/agents. The terms ‘free’,
‘wandering’, and ‘fixed” macrophages refer to different functional states and/or stages of
the development of cells of same cell phagocytic lineage. When stimulated, fixed
macrophages detach from collagenous fibers and migrate as free macrophages to sites of
pathogen invasion, injury, or irritation. PSMs remain motile up to a certain particle loading
and beyond that the mobility is greatly inhibited (e.g. Yu et al., 1989; Lehnert et al., 1990;
Kiama et al., 2008). For the avian PSMs (Kiama et al., 2008), the cells burst after ingesting
high loads of polystylene particles (Figs. 15-17). Inability of dust-laden AMs to reach the
mucociliary escalator system of the upper airways correlates with the particle loading
(Morrow, 1988). In the Fischer 344 rat, when the loading exceeds ~600 pm? per cell, particle
clearance ceases and the particle laden cells remain in the alveolar region. Interestingly,
PSMs can be overwhelmed by even small amounts of ingested particulates, e.g., carbon
particles (concentration 0.2 pm.10-¢) and also by long term (22-44 hr) incubation with low
concentrations (12.5 M.ml-1) of interferon-y (IFN-y) (Lundborg et al., 1999, 2001). PSMs may
also be rendered non-functional by exposure to inordinately high concentration of
particulates or pathogens, especially where there are underlying infections that invoke
increase in production of IFN-y (Baron et al., 1991; Culffs et al., 1997; Camner et al., 2002).
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Fig. 15.-17. Pulmonary surface macrophages of the avian lung showing various stages of

uptake of polystylene particles (arrows). At a certain critical point of particulate ingestion,
the cells burst (dashed line). Nu, nucleus. Scale bars: 3um.

The ultrastructural morphology of the AMs has been well-documented (e.g. Weibel, 1984,
1985). Remarkably heteromorphic, they vary in size from 10 to 40 pm in diameter, constitute
2 to 9% of the pneumocytes, and have an indented (bean = horse shoe-shaped) eccentrically
located nucleus (e.g. Sebring and Lehnert, 1992; Weibel, 1984, 1985) (Fig. 12). The nuclear
indentation contains numerous vacuoles, Golgi apparati, rough endoplasmic reticulum, and
mitochondria. The most striking structural features of the PSMs are the large number of
membrane bound cytoplasmic inclusions that include lysosomes, phagososmes, vacuoles,
and lipid droplets (Figs. 7, 11, 12). Many of the vacuoles are about 0.5 pm or less in diameter
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and are oblong or spherical in shape. They contain high concentrations of various strong
hydrolytic enzymes which are synthesized in the rough endoplasmic reticulum and
packaged in the Golgi complex, forming the primary lysosomes. When the primary
lysosomes combine with the phagosomes, they form the secondary lysosomes. The broken-
down/detoxified foreign agents are either discharged from the cell or are stored in
membrane bound granules called residual bodies. The foreign indigestible materials, e.g.,
carbon- and heavy metal particles, are sometimes permanently stored in the phagocytic cells
of the lung. When macrophages are overwhelmed by large foreign materials that cannot be
efficiently phagocytosed by individual cells, they form multinucleated giant cells that
sequester such factors. Nodular inflammatory lesions that contain these cells are termed
granulomas (e.g. Fawcett, 1986).

Although different views have been expressed by, e.g., Sorokin et al. (1984), it is now widely
accepted that PSMs do not form in situ, i.e., in the lung: they belong to the general
mononuclear phagocyte (formerly reticuloendothelial) system of the body and originate
from stem cells in the bone marrow from where they are transported in blood as monocytes.
On entering the interstitium of the lung they undergo a series of maturational stages before
transferring to the surface (e.g. van Furth, 1970; Bowden and Adamson, 1980; Blussé van
Oud Alblas et al., 1983; Bowden, 1987; Sebring and Lehnert, 1992; Brain et al., 1999; Geiser,
2010). The turnover time of the PSMs is ~6 days and amounts to 15.103 cells per hour (Blussé
van Oud Alblas et al., 1983). The fate of PSMs is varied: a) many of the cells leave the
peripheral air spaces via the bronchi where they are transported by the mucociliary
escalator system to the oral pharynx (e.g. Spritzer et al., 1968) to be swallowed or
expectorated; b) others move to the interstitium and either settle there or leave via the
lymphatics (e.g. Sorokin and Brain, 1975). Compared to the PIMs, AMs have greater
phagocytic activity and faster attachment and ingestion properties (Franke-Ullmann et al.,
1996; Fathi et al., 2001).

While pulmonary cellular defence appears to exist in the amphibian- (e.g. Welsch, 1981,
1983; Maina and Maloiy, 1988; Maina, 1989) (Figs. 13, 14) and reptilian lungs (Grant et al.,
1981), PSMs are rare in the lungs of the lower vertebrates (Bargmann, 1936). Welsch (1983)
experimentally stimulated a macrophagic response in the lung of Xenopus laevis after
exposure and aspiration of carbon particles. In the caecilian lung, macrophages contain acid
phosphatase, B-glucosaminidae, and unspecific esterase (Welsch, 1981). In the Iungs of the
lower vertebrates (Welsch and Miiller 1980), epithelial cells (pneumocytes) contain acid
phosphatase and have a phagocytic capacity. No resident surface macrophages occur in a
nonchallenged lung of the snake, Boa constrictor (Grant et al., 1981): unphagocytosed
materials remained on the respiratoty surface for up to 4 days. Challenge of the snake lung
with inspirable particles increases surfactant secretion, elicits surfacing of nonphagocytic
eosinophilic granulocytes, but interestingly doesn’t set off release of mononuclear
phagocytic macrophages (Grant et al., 1981).

While the biology of the AMs has been well-studied (e.g. Bowden, 1987), relatively little is
known about the SMs of the avian respiratory system. Paucity of SMs (e.g. Stearns et al.,
1986; Toth et al., 1988; Klika et al., 1996, Maina and Cowley, 1998; Nganpiep and Maina,
2002; Kiama et al., 2008) and even lack of them was reported by, e.g., Lorz and Lépez (1997).
In mice, rats, and guinea pigs, respectively, yields of 0.55-1.55.10¢, 2.86-4.43.10¢, and 1.08-
1.77.107 AMs were determined by Holt (1979). Some of these values are 20 times greater than
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those determined in much larger birds (e.g. Toth and Siegel, 1986). The average number of
SMs in the lung of the pigeon, Columba livia is 1.6.10° (Maina and Cowley, 1998), in the
domestic fowl, Gallus gallus variant domesticus it is 2.5.105 (Toth and Siegel, 1986; Toth et al.,
1987), and in the turkey, Meleagris gallopavo is 1.15.10¢ (Ficken et al., 1986). The number of
SMs per unit body mass in the rat was significantly greater than that of the domestic fowl
and the duck, Cairina moschata (Nganpiep and Maina 2002) (Fig. 18). In a 30 year-old smoker
and a nonsmoker, respectively, 1.5.107 and 52107 AMs were harvested by
bronchopulmonary lavage by Hof et al. (1990). Regarding cellular defence strategies,
mechanisms, and proficiencies, it has been contended by different investigators, e.g., Klika
et al. (1996) and Spira (1996) that compared to mammals, birds are relatively more
susceptible to pulmonary diseases and afflictions. In the poultry industry, huge economical
losses have been ascribed to mortalities arising from respiratory diseases (e.g. Mensah and
Brain, 1982; Toth et al., 1988). Scarcity of SMs in the avian lung (e.g. Stearns et al., 1986;
Maina and Cowley, 1998; Nganpiep and Maina, 2002; Kiama et al., 2008) and enzymatic
deficiencies in the oxidative metabolism of the SMs (e.g. Penniall and Spitznagel, 1975;
Bellavite et al., 1977) have been reported.
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Fig. 18. Comparison between the numbers of pulmonary surface macrophages (PSMs) in the
chicken (domestic fowl) (Gallus domesticus), the rat (Rattus rattus), and the duck (Cairina
moschata). Birds have relatively fewer PMS compared to mammals. From Nganpiep and
Maina (2002).

The foremost morphological and physiological factors that may predispose the avian
respiratory system to injury by inspired foreign agents are: a) a relatively thin BGB and
extensive RSA (e.g. Maina et al., 1989), b) large tidal volume and continuous and
unidirectional ventilation of the lung (e.g. Fedde 1980, 1997; Brown et al., 1997), and c) in
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some species, e.g., the ostrich, Struthio camelus (Bezuidenhout et al., 2000), the air sacs extend
out of the coelomic cavity to lie subcutaneously, where they are highly susceptible to trauma
and infection: in such cases, air sacculitis (infection of the air sacs) can easily spread to the
lung.Categorical proof that the avian lung is relatively more susceptible to infection by
inhaled biological pathogens is lacking. It was argued by Maina (2005) that in the bird lung,
PSMs, cells that are abundantly endowed with lysosomes (Nganpiep and Maina 2002) (Fig.
19-24) and have greater motility and phagocytic capacity (Kiama et al., 2008) may be so
efficient that only few of them are required to reside on the respiratory surface and provide
adequate protection. Pulmonary cellular defence is reinforced by capacity of rapidly
mobilizing and transferring PIMs, PIVMs and probably blood monocytes to the respiratory
surface (Nganpiep and Maina, 2002). Under similar conditions, birds may not be any more
susceptible to pulmonary diseases than mammals. Factors like extreme genetic
manipulation for faster growth and weight gain and the intensive and stressful regimes of
battery production and management may explain the high incidence of aerosol transmitted
pulmonary diseases, particularly in poultry.

3. Pulmonary interstitial (subepithelial) macrophages (PIMs)

Mainly because they are relatively less accessible, compared to the PSMs which are easily
harvested by pulmonary lavage (e.g. Holt et al., 1985; Steinmidiller et al., 2000), the PIMs have
been relatively less well-studied. They are found in the peribronchial and perivascular
spaces, in the interstitial spaces of the lung parenchyma (Fig. 25), in the lymphatic channels,
and in the visceral pleural region (e.g. Bedoret et al.,, 2009; Nganpiep and Maina, 2002).
Occurring in substantial numbers, PIMs provide bactericidal and immune mediated
protection against particles and pathogens that escape the PSMs and penetrate the
epithelium: there, they are sequestered or removed via the lymphatic channels. In the rat
lung, PIMs form a substantial fraction of the PMs (e.g. Sebring and Lehnert, 1992): they
comprise from 37% to 40% of the PMs (Lehnert et al., 1985; Crowell et al., 1992). However,
using a different method, Blussé van Oud Alblas and van Furth (1979) determined that PIMs
form only 7% of the PMs in the mouse-, rat-, and hamster lungs. In normal and injured
lungs, PIMs exceed the number of PSMs (e.g. Thet et al., 1983).

Phenotypical and functional differences occur between the PIMs and the PSMs: PIMs are
smaller in diameter (7.6 pm versus 16 pm for the PSMs), are more homogenous in size, have
a smoother outline [i.e., they have fewer and blunter filopodia (pseudopodia)], have an
indented (kidney-shaped) nucleus and greater nuclear to cytoplasm ratio, the primary
lysosomes and phagososmes are fewer and larger, mitochondria and rough (granular)
endoplasmic reticulum are scanty, Golgi bodies are rare, the cells are less phagocytic, they
possess greater antigen presenting capability to T-cells, when they are activated they can
release different cytokines [particularly TGF-B, TNF-a, and metalloproteinases-1 (MCP-1)
and IGF-1], and the cells resemble the peripheral monocytes (e.g. Kobzik et al., 1988; Sebring
and Lehnert, 1992; Lavnikova et al., 1993; Wizemann and Laskin, 1994; Prokhorova et al.,
1994; Johansson et al., 1997; Fathi et al., 2001). Antigenic differences occur between the PIMs
and the PSMs (e.g. Kobzik et al., 1986). In the rat lung, regarding the mechanisms that are
mainly involved in the induction and the furtherance of specific immune reactions, e.g., the
major histocompartibility complex (MHC) class-II expression and interleukin (IL-1) and IL-6
production, the PIMs are more efficient than the PSMs (Steinmiiller et al., 2000). Since they
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Fig. 19.-24. Pulmonary surface macrophages of the chicken (domestic fowl) (Gallus
domesticus) showing the concentration of lyric vesicles in the cytoplasm in Figs. 19-22)
(asterisks) and arrows (Figs. 23 and 24). Nu, nucleus. Scale bars: 4 pm. Figs. 19-22 from
Nganpiep and Maina (2002) and Figs 23 and 24 from Kiama et al. (2008).
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Fig. 25. Subepithelial macrophages in the lung of the chicken, Gallus domesticus (arrows). Ep,
respiratory epithelium. Figs. 26 & 27: Bronchial epithelial cells of the chicken’s lung which
have phagocytosed polysylene particles (stars). Arrow heads, cilia. Fig. 28: Surface of an
atrium of a parabronchus of the lung of the chicken showing a surface macrophage (arrow),
particles (arrow heads), and extravasated red blood cell (dashed circles) that are about to be
phagocytosed by the epithelial cells. If, infundibulum. Fig. 29: Close-up of a foreign particle
(FP) being engulfed by an epithelial cell (Ep) in the chicken lung. Arrows, cytoplasmic
extensions of the epithelial cell. Fig. 30: Close-up of extravasated erythrocytes (Er) on the
epithelial surface (Ep) of the lung of the duck, Cairina moschata. One of the erythrocytes
(arrow) is being engulfed by the epithelial cell. Figs. 31-33: The ciliated bronchial epithelial
cells (arrows) of the lung of the domestic fowl, Gallus gallus are well-endowed with
lysosomes (stars). Nu, nuclei of the epithelial cells. Scale bars: Figs. 25, 50 pm; 26 & 27, 10
pm; 28, 50 pm; 29, 10 pm; 30, 10 pm; 31-33, 10 pm. From Nganpiep and Maina (2002).

are set in the lung tissue, the cytotoxic or inflammatory mediators released by the PIMs have
greater biological and/or pathological effects on the surrounding lung tissue than those
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released by the PSMs (Steinmiiller et al., 2000; Laskin et al., 2001). In the murine lung, PIMs
exhibit immunoregulatory and phagocytic functions (e.g. Bilyk et al., 1988; Franke-Ullman et
al., 1996). Increased numbers of PIMs appear within active lesions of the injured lung (e.g.
Brain, 1988). There is ample evidence that PIMs replicate in situ (e.g. Bowden and Adamson,
1980). Compared to the PSMs, the PIMs exhibit a significantly greater proliferative capacity
(Johansson et al., 1997), a process that maintains the lung macrophage pool in the lung tissue
compartment (Adamson and Bowden, 1981).

The PIMs can be discriminated from the PSMs by their unique capacity of inhibiting the
maturation of the lung’s DCs and their migration on stimulation with lipopolysaccharides
(LPS) like those located in the outer membrane of gram positive bacteria which act as
endotoxins that elicit strong immune responses that prevent sensitization to prevailing
antigens (e.g. Buckner and Finlay, 2011). In presence of LPS, PIMs and not PSMs disrupt the
link between the innate and the adaptive immunity, allowing inhaled antigens to escape
from T-cell dependent responses (e.g. Bedoret et al.,, 2009). The PIMs are morphologically
more like the BMs than they are to PSMs (Sebring and Lehnert, 1992). It has been suggested
by some investigators, e.g., Holt et al. (1982), Bluseé van Oud Alblas and van Furth (1982),
and Sebring and Lehnert (1992) that PIMs are an intermediate maturation stage (from the
bone marrow monocytes) of the PSMs, i.e., they are precursors of the PSMs before the cells
transfer to the respiratory surface. There is, however, contrary evidence that PIMs represent
a distinct population of cells with dedicated pulmonary inflammatory and
immunoregulatory roles of defending the lung (e.g. Chandler et al., 1988; Dethloff and
Lehnert, 1988; Lehnert, 1992; Prokhorova et al., 1994; Johansson et al., 1997; Zetterberg et al.,
1998; Steinmiiller et al., 2000). Although concerning inflammation and antimicrobial defense
AMs exhibit greater functional repertoire related to and including increased chemotaxis,
phagocytosis, cytotoxicity, and release of ROSs, PIMs express higher quantities of C3-
receptor and intercellular adhesion molecule-1 and are more active in producing
interleukins-1 and -6 (IL-1 and -6) and exhibit greater I-a antigen expression (Chandler and
Brannen, 1990; Franke-Ullmann et al., 1996; Steinmiiller et al., 2000).

4. Bronchial epithelial cells (BECs) and bronchial macrophages (BMs)

The ciliated BECs and the nonciliated cells of the upper airways of the lung are the first
cellular entities that interact and deal with the inhaled particulates and pathogenic
microorganisms (Figs. 31-34). They secrete inflammatory cytokines that initiate and
ultimately aggravate host innate inflammatory responses that may cause harmful immune-
mediated pathologies (e.g. Yoshikawa et al., 2010) and afterwards initiate remodelling of the
lung (Altraja et al., 2009). In the bronchial tree, macrophages are suspended in the mucus
carpet while others lie under the layer, directly attached onto the epithelial substratum (e.g.
Sorokin and Brain, 1975; Brain et al., 1984; von Garnier and Nicod, 2009) (Fig. 34). A highly
active group of cells, ciliated BECs and non-ciliated BECs may ingest and degrade antigens
that land on the surface of the airways and/or may release mediators that attract
lymphocytes, neutrophils, or mast cells to the airways and regulate their activities there
(Geiser et al., 1988). On their depositing on the airway epithelium, inhaled bacteria soon
loose their replicative capacity (e.g. Laurenzi et al., 1964; Brain et al., 1984). Particulates with
a diameter of less than 10 pm (PMjg) stimulate epithelial cells to produce ROS and
inflammatory mediators/cytokines (Carter et al., 1997; Fujii et al., 2001; Schaumann et al.,
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2004; Ishii et al., 2005). In the avian lung, ciliated epithelial cells particularly phagocytose
inhaled atmospheric particles (Fedde, 1997; Maina and Cowley, 1998; Fujii et al.,, 2001;
Nganpiep and Maina, 2002) (Figs. 26, 27). Ciliated BECs express an oxidative stress response
that is different from that of the PSMs by rapidly shifting from cytoprotective to cytotoxic
responses but are incapable of converting N-acetylcysteine to cytoprotective glutathione (Li
et al., 2002). A mucus escalator system, which is maintained by the motility of cilia (Fig. 34),
transports particulates and pathogens that settle on the airways towards the mouth. Normal
motility of cilia is vital to the preservation of the integrity of the mucus conveyer-belt
system. Infectious diseases and genetic conditions that reduce or abolish cilia motility, e.g.,
Kartagener’s syndrome (e.g. Mahsud and Din, 2006; Kapur et al.,, 2009), and those that
increase the consistency (viscosity) of the mucus, e.g., cystic fibrosis (Chmiel and Davis,
2003; McShane et al., 2004) lead to higher incidence of pulmonary infections, as they
decrease the removal of particulates and pathogens by the mucus escalator system.
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Fig. 34. Schematic diagram of the bronchial epithelium. Bronchial macrophages are located
in the mucus carpet and on the epithelial cells themselves. Dendritic cells are located in
the subepithelial space from where they send their long projections between the epithelial
cells to sense foreign agents.

According to Fireman et al. (1999), ‘asthma may be defined as failure to regulate T-cell
mediated immunoreactivity within the bronchial wall of hyperreactive airways’. Inadequate
regulation of the T-cell response by suppressive macrophages may set off allergic bronchial
inflammation. The BMs of asthmatics are functionally modulated (e.g. Fireman et al., 1999:
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they have lower suppressive activity. Probably caused by T-helper cell cytokines (Th-2), this
explains the bronchial hyperactivity displayed by asthmatics (Fireman et al., 1999; Alexis et
al., 2001). Different subsets of the BMs may to different extents regulate the inflammatory
response in allergic asthma and respond to immunomodulatory signals, especially those
mediated by interleukin 10 (IL-10) (Moniuszko et al., 2007). Power et al. (1994) observed that
in normal human bronchial wall, a small number of T-cells, the majority of which were
CD8* cells existed: CD4+* cells predominated in the subepithelial tissue and a small number
of macrophages were present. In individuals with sarcoidosis, compared to healthy subjects,
Hawley et al. (1979) observed physical interaction between the BMs and the lymphocytes,
the BMs presented a more highly irregular cell surface, and more membrane bound
inclusions and fewer lysosomes and phagolysosomes were present: no significant
differences were observed in the nuclear or cellular diameters of the BMs from normal- and
sarcoidosis affected individuals. In patients with chronic obstructive pulmonary disease
(COPD), the BMs were relatively small in size, contained little cytoplasm, and had a
markedly high kario-cytoplasmic ratio (Fedosenko et al., 2010): these features improved
after treatment with the drug tiotropium. In the bronchial mucosa of patients with chronic
bronchitis, there was a significant number of BMs and T-lymphocytes in the lamina propria
(Saetta et al., 1993): these cells may be involved in the pathogenesis of the disease.

5. Dendritic cells (DCs)

The DCs derive from bone marrow precursor cells and with their maturation, dependent on
the extracellular microenvironments establish themselves as immature cells in tissues (e.g.
Steinman, 1991; Reid, 1997; Hart, 1997; Banchereau and Steinman, 1998; Austyn 1998;
Satthaporn and Eremin, 2001; Lipscomb and Masten, 2002; Geurtsvankessel and Lambrecht,
2008; Fries and Griebel, 2011). Under appropriate signals, monocytes can differentiate into
DCs (e.g. Banchereau and Steinman, 1998; Satthaporn and Eremin, 2001) which are potent
antigen uptake, processing, and presenting cells (e.g. Belz et al., 2004; Harada et al., 2009;
Bedoret et al, 2009). Highly specialized and notably heterogenous, DCs function as
messengers and regulators between innate and acquired immunity (e.g. Reid, 1997; Hart,
1997; Banchereau and Steinman, 1998; Austyn, 1998; Satthaporn and Eremin, 2001; Dzionek
et al., 2000; Webb et al.,, 2005; McKenna et al., 2005; Lommatzsch et al.,, 2007, 2010;
GeurtsvanKessel and Lambrecht, 2008; von Garnier and Nicod, 2009). Because DCs have the
ability to induce a primary immune response in resting naive T-lymphocytes and play a role
in the maintenance of B-cell function and antigen memory (recall) responses (e.g. Webb et
al., 2005; Bessa et al., 2009), they were called “professional antigen presenting cells’ by, e.g.,
Lipscomb and Masten (2002) and Liu (2005). To better assess incoming antigens for possible
threat, mature DCs particularly occur in tissues that interface between the external- and the
internal environments and are therefore greatly exposed to microbial pathogens, harmful
particulates, and injurious gases. These include the skin, where the cells are called
Langerhan’s cells [named after Paul Langerhan (1847-1888), a German physician, who first
described them in the late 19th Century], the inner lining of the nose, the lungs, the stomach,
and the intestines (e.g. Satthaporn and Eremin, 2001; Sallusto and Lanzavecchia, 2002; von
Garnier and Nicod, 2009). Notable exceptions are the complete absence of the DCs in the
cornea and the central nervous system (e.g. Steinman, 1991). DCs are a major source of
many cytokines, e.g., interferon-a (IFN-a) and the inflammatory protein MIP1g: both of
these molecular factors are important in effecting primary immune response (e.g. Zhou and
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Tedder, 1995; Devergne, 1996). In the different sites where they are located, DCs
differentiate and become active in acquiring and processing antigens. The subsequent
presentation on the host cell surface is associated with the major histocompatibility
molecules (e.g. Meyer and Mack, 2003).

The DCs are found in immature form in blood (e.g. Dzionek et al., 2000) (Fig. 35) and once
they are activated, they migrate to the lymph nodes where they interact with the T- and B-
cells to initiate acquired immune response. In the lung, DCs exist in many subpopulations
that are fine-tuned to different roles that maintain immune homeostasis. Infectious and
inflammatory conditions can profoundly change functions, with steady-state DC subsets
resulting in recruitment of inflammatory type DCs (e.g. Geurtsvankessel and Lambrecht,
2008) which exert specific functions that can be associated with distinct expression of
endocytotic receptors and cell-surface molecules, and the topographical location in the lung.
During DC trafficking into the lung, blood DCs are preferentially recruited over blood
monocytes (Klinke, 2006): for short-lived antigens, lung epithelial DCs that are derived from
blood DCs exhibit a 62.5% increase in antigen density compared to those derived from the
blood monocytes. The cells (DCs) are located within the bronchial epithelium and the
pulmonary interstitium where they impinge on the innate immune system. CD11c-positive
DCs are widely distributed in the alveolar region of the lung, with most of them displaying
an immature phenotype (Gonzalez-Juarrero and Orme, 2001): the cells are capable of
phagocytosing live Mycobacterium tuberculosis bacteria, leading to secretion of interleukin-12
(IL-12) and stimulation of CD4-T cells to produce gamma interferon (IFN-y). In steady-state
(homeostatic) conditions, fine balance exists between the various functions of lung’s DC
populations, a feature necessary for the maintaintence of immune homeostasis in the lung
(GeurtsvanKessel and Lambrecht, 2008). On identification and internalization of pathogens,
DCs move to the draining lymph nodes of the lung to instigate specific cellular and humoral
immune responses. Extensive network of bone marrow-derived DCs exist in the mucosa of
the nose and the large conducting airways, the alveolar lumen, and the connective tissue
surrounding the blood vessels and the pleura (Holt et al., 1988, 1994; Schon-Hegrad et al.,
1991; van Haarst et al., 1994; Lambrecht et al., 1998; Gonzalez-Juarrero and Orme, 2001; von
Garnier and Nicod, 2009). The migration of the airway DCs in response to an immunogenic
stimulus is rapid (e.g. Havenith et al., 1993; Xia et al., 1995): within 12 hours, the lung
derived DCs can be found in the T-cell area of draining mediastinal lymph nodes of the
lung. Inflammatory diseases of the human lung are associated with the different phenotypes
and the process of the recruitment of the airway DCs (Lommatzsch et al., 2007, 2010;
Geurtsvankessel and Lambrecht, 2008; Vassallo et al., 2010). Regulation of galectin-3 in the
lungs may represent one of the multiple potential mechanisms by which galectins contribute
to modulation of the innate and acquired immune responses (Maldonado et al., 2011).

The classical morphology of the DCs, i.e., that of having numerous membranous processes
(projections) that extend out of the main cell body (Fig. 35), makes them highly motile. Also,
it endows them with very large surface-to-volume ratio that permits them to contact and
therefore adeptly sample (sense) vast parts of the surrounding environment. DCs contain
abundant antigen processing organelles that include endosomes, lysosomes, and special
granules. From their distinctive projections, the designation ‘dendritic cell’ was coined by
Steinman and Cohn (1973) since the cells (DCs) resemble the dendrites of the neurones,
although DCs are not associated with the nervous system and by extension the neuronal
dendrites.
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Fig. 35. Dendritic cells from the peripheral blood (arrows) showing cytoplasmic extensions
(stars) that the cells use to move and sense the surrounding environment. Nu, nucleus.
Courtesy of Dr. S.G. Kiama, University Nairobi, Kenya. Fig. 36: A pulmonary intravascular
macrophage (arrow) in the lung of the rock dove, Columba livia, attached to the vascular
endothelial cell (dashed circle). EC, endothelial cell; Er, erythrocyte; asterisk, basement
membrane; arrow heads, mitochondria; IC, interstitial cells. Scale bars: Fig. 35, 15 pm;

36, 10 pm.

Depending on species, DCs are classified into myeloid DCs (mDCs) and plasmacytoid DCs
(pDCs) (e.g. McKenna et al., 2005; Geurtsvankessel and Lambrecht, 2008; von Garnier and
Nicod, 2009). The former are more common and are divided into an mDC-1 subpopulation
which is the foremost stimulator of T-cells and the mDC-2 which are involved in wound
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healing. Both groups of cells secrete IL-12 (interleukin-12) and express TLR-2 and TLR-4
receptors (e.g. Sallusto and Lanzavecchia, 2002). The pDCs resemble plasma cells but have
certain features similar to the mDCs (Vanbervliet et al., 2003; Liu, 2005): they can produce
large amounts of interferon-a. The functional specialization and the degree of maturation of
the DCs are determined by the tissue environment and the tissue cells that DCs directly
interact with (Wu and Liu, 2007). In the airways, DCs sense incoming airborne antigens by
extending their dendrites through the epithelial cells that line the airway lumen (e.g.
Jahnsen et al., 2006; Holt et al., 2008). Under normal (healthy = steady-state) conditions, in
the alveolar space, 80% of the cells are PSMs, with the remainder comprising of T-cells and
DCs (von Garnier et al.,, 2005). In the respiratory tract, resident DCs are deemed to be
immature (von Garnier and Nicod, 2009). This signifies that the cells have optimal capacity
of detecting, capturing, and processing inhaled antigens but have a low capacity of
stimulating T-cells. In contrast to the B and T-lymphocytes, DCs have retained many of the
pattern recognition receptors and are thus uniquely capable of sensing stimuli such as tissue
damage, necrosis, and bacterial and viral infection (Webb et al., 2005; Klinke, 2006). The
capacity of the lung’s DCs to influence specific CD-4 and CD-8 T-lymphocytes makes them
suitable candidates for vaccine development strategies for treating and preventing
conditions and diseases such as allograft rejection responses, allergy, and asthma, as well as
autoimmune diseases and cancers (Fong and Engelman, 2000; Syme and Gluck, 2001;
Sharma et al., 2003; Schott and Seissler, 2003; Decker et al., 2006; Sbiera et al., 2008).

6. Pleural macrophages (PIMs)

The PIMs are one of the pulmonary macrophage cell lineages that have been least studied
(e.g. Brain 1992). Lehnert (1992) suggested that PIMs originate from peripheral blood
monocytes that migrate across the mesothelial lining of the pleura. Meuret et al. (1980),
Zlotnik et al. (1982) and Sestini et al. (1984) observed that PIMs were more morphologically
similar to the peritoneal macrophages than to the PSMs. This may be attributed to the
prevailing similarities and differences in the prevailing microenvironments (Brain, 1992) like
the variation in the PO, (Brain 1988). Frankenberger et al. (2000) noted that PIMs are a
unique kind of tissue macrophage. Under normal physiological conditions, the pleural
cavity is in a state of negative (subatmospheric) pressure: low oxygen (O,) tension (PO;)
prevails in it. Pleural O, exposure induces oxidative injury and aggravates latent systemic
inflammatory response (Tsukioka et al., 2007). Resident PIMs sense perturbations in the
local environment and initiate neutrophil infiltration (Cailheir et al., 2006). The drugs
carrageenan and tetracycline prompt dramatic increase in PIMs (e.g. Sahn and Potts, 1978;
Ackerman et al.,, 1980; Strange et al., 1989; Baumann et al., 1993) by recruiting monocytes
from the peripheral circulation (Antony et al., 1985). In vivo experiments have demonstrated
tumoricidal- (Basic et al., 1979; Nagashima et al., 1987), phagocytic- (Meuret et al., 1980;
Zlotnik et al., 1982; Zlotnik and Crowle, 1982), and antimicrobial activities of the PIMs
(Meuret et al., 1980; Hammerstrom, 1980; Zlotnik and Crowle, 1982). Compared to PSMs,
the cells (PIMs) release prostaglandins E-1 and E-2 and respond differently to various
cytokines (Sestini et al., 1984; Nagashima et al., 1987).

Agostini et al. (1972) suggested that PIMs may function as roller bearings that allow smooth
movement between the parietal- and the visceral pleura. The PIMs seem to be functionally
important in both health and disease (Zlotnik et al., 1982; Zlotnik and Crowle, 1982).
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Morphologically, a normal resident PIM has prominent intermediate intracytoplasmic
filaments and numerous microvilli that may be involved in the adherence to the pleural
surfaces (Baumann et al., 1993). From assessment of the uptake of latex beads, the
phagocytic capacity of the PIMs is lower than that of the bronchoalveolar mononuclear
phagocytes (BAMP) (that comprise of the BMs and the PSMs) and when cultured together
with autologous pulmonary interstitial DCs, PIMs exert a more potent ability to stimulate T-
cell proliferation than the BAMPs (Gjomarkaj et al., 1999). Compared to the BAMPs, PIMs
are less portent bactericidal and fungicidal cells (Gjomarkaj et al., 1999): functionally and
phenotypically PIMs are different from the BAMPs and are similar to the peritoneal
macrophages. PIMs play an important role in cell-mediated immune reactions in the pleural
space (Gjomarkaj et al., 1999). Compared to the blood monocytes, PIMs seem to represent a
cell-type intermediate between the regular CD-14(++) monocytes and the CD-14(+)CD-16(+)
subset (Frankenberger et al, 2000). PIMs perform efficient Fc-receptor-mediated
phagocytosis of antibody-coated sheep red blood cells and can inhibit apoptosis of
malignant cells (Kaczmarek et al., 2008).

7. Pulmonary intravascular macrophages (PIVMs)

For the reasons that the PIMs are lacking in the lungs of most laboratory animals (e.g.
Warner and Brain 1990; Warner, 1996; Brain et al., 1999) and since they are relatively less
accessible for experimentation, the cells have not been as well-studied as the PSMs.
Regarding their secretory, endolytic, and functional properties, PIVMs are a relatively newly
identified constituent of the mononuclear phagocyte system. To date, for still unclear
reasons, PIVMs have been reported mainly in the domestic mammals, especially in
ruminant species like cattle, horse, goat, sheep, and pigs (e.g. Rybicka et al., 1974; Warner
and Brain, 1984; Atwal and Saldanha, 1985; Wheeldon and Hansen-Flaschen, 1986; Warner
et al., 1986; Winkler, 1988, 1989; Atwal et al., 1989, 1992; Warner and Brain, 1990; Longworth
et al., 1994; Warner, 1996; Parbhakar et al., 2005; Molina and Brain, 2007) and in birds (Maina
and Cowley, 1998) (Fig. 36). It is uncertain whether PIVMs occur in the human lung: while
the cells were reported by Dehring and Wismar (1989), a comprehensive morphometric
study of the human lung by Zeltner et al. (1987) didn’t report macrophage or macrophage-
like cells in the pulmonary capillaries. Particle uptake studies suggested that PIVMs may not
exist in the human lung (e.g. Brain et al., 1999).

The PIVMs have distinctive morphological features of differentiated macrophages like
irregular shape, a bean-shaped nucleus, abundant lysosomal bodies, numerous
mitochondria, profuse rough endoplasmic reticulum, fuzzy glycocalyx, phagosomes, and
pseudopods (e.g. Wheeldon and Hansen-Flaschen, 1986; Warner et al., 1986; Winkler and
Cheville, 1985, 1987). They have an electron dense coat that appears to be predominantly
lipoproteinaceous in nature (Atwal et al., 1989). PIVMs form membrane adhesion complexes
with the endothelial cells (Warner et al., 1986; Winkler and Cheville, 1987) and tend to attach
onto the thicker parts of the BGB (Winkler, 1988; Winkler and Cheville, 1987), probably
minimizing interference with gas exchange (by thickening the BGB) which occurs mostly
across the thin parts. Moreover, it is possible that the thicker parts of the BGB provide better
support than the thinner ones, preventing the cells from being easily dislodged by flowing
blood. PIVMs are large in size (20 to 80 pm in diameter), are closely apposed to the
endothelium of the pulmonary blood capillaries (Wheeldon and Hansen-Flaschen, 1986;
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Brain et al., 1999), and are abundantly endowed with organelles like vesicles, endosomes,
and Golgi apparatus (e.g. Atwal et al., 1992) (Fig. 36). The PIVMs form an important part of
the defence of the vertebrate lung. In the pig, perinatally, in a process that is completed by
the 7th day of birth, blood monocytes colonize the lung, replicate within the blood
capillaries, and attach to the endothelium by intercellular junctions as they differentiate
(Winkler and Cheville, 1985). By actively synthesizing, storing, and secreting vasoactive
substances, PIVMs stimulate biosynthetic pathways that lead to secretion of inflammatory
mediators which compound certain disease processes (e.g. Brain, 1986; Kelly, 1990). They
actively remove particles, bacteria, and endotoxins from circulating blood (Wheeldon and
Hansen-Flaschen, 1986; Warner and Brain, 1986; Warner et al., 1986, Winkler, 1989; Brain et
al., 1999). While in dogs, laboratory animals, and human beings, clearance of bacteria and
particulates from blood occurs mainly in the Kupffer cells of the liver and the splenic
macrophages, in calves, sheep, goats, cats, and pigs, the process is performed by the PIVMs
(e.g. Warner et al., 1987; Winkler, 1988; Brain et al., 1999). In the sheep lung, PIVMs form
15.3% of the intravascular volume, attach onto 7.1% of the endothelial surface, and have 15.9
m? of their free surface available for contact with blood (Warner et al., 1986). Even in normal
(steady-state) sheep lungs, there are more macrophages in their vast pulmonary blood
vessels than on their alveolar surface and compared to the PSMs the PIVMs are relatively
more actively phagocytic (Warner et al., 1986). In the deer, PIVMs are more than twice the
number of PSMs but PIVMs are much smaller (47.625m?) than the PSMs (101.260m?2)
(Carrasco et al., 1996).

The PIVMs have been implicated in the vascular inflammation that results in
lipopolysaccharide (LPS)-induced lung inflammation and endotoxemia in the horse
(Aharonson-Raz and Singh, 2010), rat (Gill et al., 2008), and sheep (Warner et al., 1986, 1987)
and with the oedema that occurs in the horse after infection with the African horse sickness
virus (Carrasco et al., 1999). While in the newborn pig clearance of blood-borne bacteria (as
well as carbon) is only ~10% of the injected dose (Mouton et al., 1963), in pigs of 15 to 20 kg
body mass (~20-month old), 75% of intravenously infused bacteria (depending on species of
bacteria) are cleared in the lungs (Wismar et al., 1984; Dehring et al., 1983). PIVMs play a
significant role in regulating pulmonary blood flow, i.e., hemodynamics (e.g. Winkler 1989):
stimulation of phagocytosis causes the PIVMs to increase in size thus narrowing or blocking
the lumina of blood vessels (Winkler and Cheville, 1985). In pigs as well as calves and sheep,
this increases resistance to blood flow, leading to pulmonary hypertension (Tucker et al.,
1975; Atwal et al,, 1989) and pulmonary oedema (Niehaus et al., 1980). Bovine PIVMs
contain TNF-a (tumour necrotic factor) and their depletion significantly inhibits
accumulation of inflammatory cells and pathology in acute lung disease in calves (Singh et
al., 2004). In ruminants, PIVMs are involved in lipid metabolism and are the major source of
vasoactive substances which significantly influence the dynamics of pulmonary circulation
and surfactant turn over in the type-2 cells (Atwal et al., 1989).

8. Conclusion and future directions

Although substantial progress has been made in understanding the physical and functional
phenotypes of macrophages in the lung, the knowledge remains scanty. This is evinced by
lack of significant breakthroughs in the management and treatment of diseases like acute
respiratory distress syndrome (ARDS). Furthermore, the specific functions performed by the
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different pulmonary macrophage lineages and the manner in which these cells communicate
remain unclear.

Animals have evolved in close association with microorganisms some of which are harmful:
intense selective pressure by the pathogens on the animal hosts and vice-versa has and
continues to happen. In a critical encounter, when a pathogen contacts a host, a struggle
between it and the host ensues. The outcome is infection and blatant disease or the pathogen
is neutralized and eliminated. Successful microbial pathogens have been adept in
developing means and strategies of evading the host defences while successful hosts have
developed novel defence systems. Understanding the underpinnings behind the evolution
of microbial pathogenicity and the intricate ways that animals counteract pathogens is vital
in designing strategies of controlling microbial infection and stopping disease progression.
Few other organs in the body are as well- and strategically protected as the lung: a cellular
defence arsenal exists. From outside to inside are the pleural-, the intravascular, the
interstitial-, and the surface (free) macrophages and along the airways (bronchi) are the
bronchial macrophages, the dendritic cells, and the epithelial cells. This intricate level of
protection has mainly developed because of the vast respiratory surface area that is
constantly ventilated with air (which depending on locality contains harmful particulates
and pathogenic microorganisms) and the fact that the lung is the only organ in the body
which is perfused by the entire cardiac output, a feature that places it at greater risk from
blood borne injurious agents. The biology of phagocytes and antigen presenting cells should
provide insights on the pathogenesis of pulmonary diseases and may explain why some
diseases, including the zoonotic ones, affect certain animal species and groups and not
others. Important as it is, the area of comparative immunology offers much to be
investigated.
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1. Introduction

The respiratory environment is exposed to a variety of different pathogens and irritants
from the environment. We breathe in about 10,000 liters of air per day. As such, the immune
cells along the respiratory tract constantly come into contact with pathogens and potential
immunogens within the air. Since development of inflammatory responses to all these
stimuli could result in persistent host responses and inflammation that could eventually be
damaging to the lungs, the responses to potential respiratory pathogens, antigens and
irritants must be tightly regulated and in some cases tolerated. Ideally, inflammatory
responses should only occur when other initial mechanisms of protection, e.g. mucus,
mucociliary clearance and phagocytes, are insufficient. Thus, in addition to the ability to
differentiate between self and foreign antigens, as is done throughout the rest of the body,
respiratory immune responses must also have the capacity to differentiate between harmful
and innocuous antigens.

Regulatory mechanisms throughout the body have evolved to control these immune and
inflammatory responses, normally allowing for an immune response strong enough to deal
with dangerous pathogens, but not so aggressive as to result in harmful immunopathology.
Strong suppression by these regulatory mechanisms has been implicated in the
pathogenesis of cancer, while weak suppression has been suggested to contribute to
autoimmunity. In the lungs, mechanisms have evolved to similarly modulate host
responses. This includes surfactants and alveolar macrophages that dampen host immune
responses. Lymphocyte populations can also regulate pulmonary immune responses. The
lymphocyte population most commonly associated with regulation of host immune and
inflammatory responses, including tolerance to innocuous antigens, is the regulatory T (Treg)
cell. Although much research has been done in the role of Tig cells in the pathogenesis of
asthma, relatively little work has been performed examining these mechanisms in the
context of bacterial infections, but the limited studies demonstrate that they can have a
significant impact on these diseases. In this article, we will first briefly review the immune
environment of the lung and the Ty cells and their function. We then focus on some
bacterial lung diseases and what is known about the impact of T cells. Specifically, we will
examine the potential for T cells to have both positive and negative effects on disease
progression, depending upon the pathogen.
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2. The pulmonary immune environment

The lung is exposed to a variety of different pathogens and irritants from the environment.
It would be harmful to the host if immune and inflammatory responses were generated in
response to these agents, as it could result in constant inflammation and tissue destruction.
Therefore, immune responses must be tolerant of these organisms so as not to upset the
equilibrium that exists in the mucosal environment (Sansonetti, 2011). This requires a
delicate balance between Tig cells and proinflammatory cells (Sansonetti, 2011).

Research suggests that the lung environment tends to preferentially mount T helper type 2
responses (Th2), though this is not absolute (Constant et al., 2000). The type of immune
response elicited during bacterial infection is somewhat dependent on the site of infection,
and the size of the antigen dose (Constant et al., 2000; Morokata et al., 2000). In addition, the
type of antigen encountered by toll-like receptor-expressing cells can also determine the
nature of the resultant immune response (Pulendran, 2004; Wissinger et al., 2009). Toll-like
receptors are traditionally associated with antigen presenting cells, such as dendritic cells,
macrophages, and B cells, though toll-like receptor stimulation on T helper cells has also
been demonstrated to play an important role (Kawai & S. Akira, 2011; Palusinska-Szysz &
Janczarek, 2010; Wissinger et al., 2009).

3. Regulatory T cells

Treg cells are a heterogeneous T cell population thought to maintain immunologic balance
and prevent or minimize tissue damaging immune responses (Fehervari & Sakaguchi,
2004a; Fehervari & Sakaguchi, 2004b; Sakaguchi, 2000, 2002, 2003). Tyg cells are a subset of
CD4* T cells that make up anywhere from 1-10% of all CD4* cells in the thymus, blood, and
lymph (McHugh & Shevach, 2002). Unlike traditional T helper (Th) cells, Ty cells act to
suppress or dampen the immune response. While evidence indicates that other cell
populations may also have suppressive capabilities, such as natural killer T cells, gamma-
delta (y5) T cells, and CD8* suppressor cells, classical Ty cells are by far the most highly
studied, the best understood, and, as far as the current evidence indicates, the most
important in controlling the body’s immune responses (Bach, 2003; Born et al., 2000; Oh et
al., 2008; Wang & Alexander, 2009).

Very early on, T cells were implicated in autoimmune disorders. A lack of Treg cells was
thought to be at least related to the onset of autoimmunity, if not the principal cause of it
(Ellner, 1981). To date, Tres cell numbers have been found to be either abnormally low or
poorly functioning in patients suffering from diseases such as lupus, rheumatoid arthritis,
and myasthenia gravis (Flores-Borja et al., 2008; Mudd et al., 2006; Wang et al., 2008).
Laboratory experiments have shown that adoptive transfer of Ty cells into lab animals
prone to type 1 diabetes results in improved prognosis and delay of disease onset
(Sakaguchi et al.,, 2006). Overall, these cells inhibit a wide range of autoimmune and
inflammatory reactions, such as gastritis, oophoritis, orchitis, thryoidititis, inflammatory
bowel disease (IBD), and spontaneous autoimmune diabetes.

However, in some situations, Tres cells may restrict the actions of the immune system too
much. The presence of Tr; cells has been suggested to contribute to the progression of
cancer. Again, laboratory experiments have shown that depletion of Ty cells can result in



The Contrasting Roles of T Regulatory Cells in Bacterial Lung Diseases 63

enhanced killing of tumor cells by the immune response (Nomura & Sakaguchi, 2005).
Similarly, Treg cells were also shown to contribute to the persistence of Leishmania major
infection (Belkaid, 2003; Mendez et al., 2004). It is thought that T cells suppress the
protective immune responses against cancer and some pathogens, resulting in prolonged
disease. Furthermore Tis cells can suppress the cytokine production and proliferation of
conventional Th cells (Jonuleit et al., 2001; Thornton & Shevach, 1998), but the Tres cells’
effects on Th cell subsets are conflicting with some studies (Stassen et al., 2004) suggesting
dampening of Th2 responses and others (Suto et al., 2001) indicating promotion of Th2 cell
responses. As a result, Treg cells may in some circumstances promote immune responses
with varied results. Thus, Treg cells can have both positive and negative impacts on host
responses in disease, highlighting the potential dual nature of Treg cells.

First studied in the 1970’s, Ty cells, known then as suppressor T cells, were identified based
on their ability to suppress antigen-specific immune responses. At that time, it was very
difficult to study Tieg cells due to the lack of any known markers specific to the cell type. As
a result, the existence of Ty cells remained a very controversial idea for a long time. In 1995,
it was shown by Sakaguchi et al. that Trs cells constitutively express the interleukin (IL)-2
receptor alpha chain, CD25, at a high level (Nomura & Sakaguchi, 2005). The expression of
the IL-2 receptor chain which is normally associated with activated T cells was theorized to
be due to the continued T cell receptor engagement of self-antigens by these Tr; cells,
resulting in a perpetually active state. Thus, the characterization of Treg cells as CD4+CD25hi
cells became widely accepted. Still, it remained somewhat difficult to distinguish Treg cells
from activated Th cells, which also can express CD25, albeit at lower levels. Recently, the
association of the intracellular transcription factor forkhead P3 (FoxP3) with Treg cells has led
to the most accurate characterization of these cells to date: CD4+*CD25hiFoxP3+ (Hori et al.,
2003). CD4+CD25hFoxP3* Treg cells also have other distinguishing surface markers such as
GITR, CTLA-4, CD103, CCR4, CD62L, and CD127; however, the evidence that these
markers are useful to phenotype Treg cells has yet to be established (Bayer et al., 2008; Fu et
al., 2004; Liu et al., 2006; Sather et al., 2007; Shimizu et al., 2002; Wing et al., 2008; Zhao et al.,
2008).

The mechanisms through which T, cells exert their suppressive effects throughout the host
appear to be numerous, and are likely dependent on the same factors that affect the typical
immune response, such as the antigen dose, the nature of the pathogen or allergen, and the
route of entry. The most common mechanism observed in both in vitro and in vivo
experiments is secretion of cytokines, particularly IL-10 and transforming growth factor
(TGF)-p (Bluestone & A. K. Abbas, 2003; Vignali et al., 2008; von Boehmer, 2005). Both of
these cytokines are associated with Th2 responses, and, as such, are at odds with the more
common Thl response. Therefore, secretion of these cytokines by Trg cells reduces or
dampens Thl inflammatory responses. However, these are not the only cytokines that have
been associated with Tieg cells. IL-35, a member of the IL-12 family of cytokines, has recently
been shown to play a role in Treg cell-mediated suppression (Chaturvedi et al., 2011; Collison
et al., 2007; Collison et al., 2010). IL-35 is thought to be secreted only by T cells, and, while
it is known to have a potent anti-inflammatory effect, the mechanism through which it
exerts this effect is still poorly understood (Chaturvedi et al.,, 2011; Collison et al., 2007;
Collison et al., 2010). In addition, recent experiments have suggested that T.cg cells may also
be able to suppress Th2 immune responses through the secretion of interferon (IFN)- y and
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IL-17, though this is still being studied (Ayyoub et al., 2009; Beriou et al., 2009; Esposito et
al., 2010; Fang et al., 2009; Voo et al., 2009).

Recent research has also shown that Tres cells may be able to exert suppression through
galectin-1, which may be secreted or membrane-bound (Garin et al., 2007; Shevach, 2009).
Galectin-1 has been implicated in cell cycle arrest, inhibition of proinflammatory cytokines,
and even apoptosis of responder cells, though the mechanism remains unclear (Garin et al.,
2007; Shevach, 2009). Blockade of galectin-1 has been shown to abrogate suppression in both
human and murine suppressive assays (Garin et al., 2007; Shevach, 2009).

Direct killing of responder cells has also been proposed as a mechanism through which Treg
cells can suppress immune responses (Cao et al., 2007; Shevach, 2009). Ty cells have been
shown to express perforin, granzyme A, and granzyme B under certain conditions (Cao et
al., 2007; Shevach, 2009). Trg cells that express this phenotype have been implicated in
cytolysis of natural killer cells, T cells, and B cells (Cao et al., 2007; Shevach, 2009). Fas-FasL
interaction has also been observed as a suppressive mechanism of Ty cells (Gorbachev &
Fairchild, 2010; Strauss et al., 2009). Specifically, stimulation through Fas-FasL coupling has
been shown to result in apoptosis of B cells and CD8 T cells in humans (Janssens et al., 2003;
Strauss et al., 2009). In addition, there is evidence suggesting that Treg cells can interfere with
priming of dendritic cells through Fas-FasL interaction, though it is not clear whether or not
this involves cytotoxicity (Gorbachev & Fairchild, 2010).

Other mechanisms that involve Ty cell interference with antigen-presenting cells have also
been observed. Ty cells constitutively express CTLA-4, which binds the costimulatory
molecules CD80 and CD86 (Shevach, 2009). The role of CTLA-4 is not clear, but there are a
number of theories as to how it may function. First, CTLA-4 engagement of CD80 and CD86
may restrict the further expression of costimulatory molecules by antigen-presenting cells
(Onishi et al., 2008). Second, CTLA-4 may actually signal antigen-presenting cells to
downregulate the expression of CD80 and CD86 (Onishi et al., 2008; Shevach, 2009). Third,
the binding of CTLA-4 may simply block CD80 and CD86 from interacting with other cells,
thus preventing the delivery of costimulatory signals (Shevach, 2009).

The expression of LAG-3, a homolog of CD4 that binds MHC class II (Liang et al., 2008), by
Treg cells may also be a mechanism through which these cells exert their influences. LAG-3
produced by Trg cells has been demonstrated to suppress the maturation of antigen-
presenting cells (Liang et al., 2008). Treg cell expression of CD39 and CD73 may also prevent
activation of antigen-presenting cells (Deaglio et al., 2007). These two surface molecules
function together to break down extracellular ATP, which is released in large concentrations
from damaged cells (Deaglio et al, 2007). Antigen-presenting cells can sense this
extracellular ATP and undergo maturation and activation (Deaglio et al., 2007; Shevach,
2009). By breaking down this ATP, Ties cells may be able to prevent activation of these
antigen-presenting cells (Deaglio et al., 2007). Other mechanisms have also been suggested,
such as secretion of fibrinogen-like protein 2 (fgl2), which may also depress the function of
antigen-presenting cells, or surface expression of neurolipin-1 (Nrp-1), which may increase
the strength of Ty cell binding to antigen-presenting cells (Sarris et al., 2008; Shalev et al.,
2008).

Finally, there is evidence to suggest that Tys cells can prevent the activation of other cells by
selective uptake of IL-2 (Chen et al., 2011; de la Rosa et al., 2004; Pandiyan et al., 2007).
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Without IL-2, responder cells may never become activated, or they may become anergic or
undergo apoptosis in the absence of costimulatory IL-2 (Chen et al., 2011; de la Rosa et al,,
2004; Pandiyan et al., 2007). These potential mechanisms are summarized in Table 1.

Within the respiratory environment, most Tieg cell research has focused on the role of these
cells in the suppression of asthma. Asthma is a chronic inflammatory disease that afflicts the
airways, resulting in airway hyperreactivity and spontaneous airway obstruction (Lloyd &.
Hawrylowicz, 2009). It currently affects an estimated 300 million people worldwide, most of
whom control the symptoms with glucocorticoid treatment (Lloyd & Hawrylowicz, 2009).
Asthma is generally associated with a Th2 response, involving release of inflammatory
mediators by T cells, mast cells and eosinophils (Lloyd & Hawrylowicz, 2009; Ray et al., 2010).

Treg cells have long been implicated in the control of asthma, though the mechanisms
through which they accomplish this control are still being studied (Lloyd & Hawrylowicz,
2009; McGuirk et al., 2010; Ray et al., 2010). Depletion of Treg cells in murine models of
asthma has been shown to greatly exacerbate symptoms (Lewkowich et al., 2005). This has
been connected to a decrease in the Th1l-promoting cytokine IL-12 and a concurrent increase
in the Th2-associated cytokine IL-13 (Lewkowich et al., 2005). In addition, adoptive transfer
of Treg cells has been shown to prevent airway inflammation and hyperreactivity, or even to
suppress symptoms when transferred after the onset of disease (Kearley et al., 2008).

Importantly, humans with mutations that impair Treg cell function tend to have a higher
incidence of asthma (Caudy et al., 2007; Lloyd & Hawrylowicz, 2009). Asthmatic children
have been observed to have lower levels of T cells in their lungs as compared with non-
asthmatics (Hartl et al., 2007). Another study suggests that asthmatics have lower overall
expression of FoxP3 compared to healthy donors (Lloyd & Hawrylowicz, 2009).
Furthermore, glucocorticoid treatment has been shown to transiently increase Treg cell
numbers in asthmatic patients (Ryanna et al., 2009). A number of strategies have been
proposed to increase T cells in asthmatics, including isolation and in vitro expansion of Treg
cells, followed by their transfer back into the host (Ryanna et al., 2009). However, this would
be an expensive and lengthy process. Thus, other therapies designed to promote in viv0 Treg
cell expansion are currently being explored.

Recently, Treg cells have also been shown to express toll-like receptors, and experiments
have demonstrated that toll-like receptors have an impact on Trg cell function (Dai et al.,
2009; van Maren et al., 2008). However, depending on the type of toll-like receptor that is
stimulated, Treg cell function may be either enhanced or depressed (Dai et al., 2009; van
Maren et al., 2008). This suggests, of course, that Treg cells may have different responses to
pathogens depending on the type of antigen encountered and the type of toll-like receptor
signal that is received. Thus, the role of Tig cells in different bacterial infections may vary
widely depending on the nature of the bacteria. As such, the effect of Treg cells in respiratory
infections can be complex and difficult to predict.

4. Bacterial Respiratory Pathogens
4.1 Mycoplasma

As an infectious disease, mycoplasmas are probably the most under recognized pathogens
known today. Often misconceived as a common cross-contaminate (Homberger &



66

Respiratory Diseases

Associated Protein/s

Potential Mechanism

Target Cell

Interleukin-10, TGF-B

Interference with T helper
type 1 development and with
secretion of proinflammatory
cytokines

T cells, B cells, antigen-
presenting cells (Bluestone &
Abbas, 2003; Vignali et al.,
2008; von Boehmer, 2005)

Interleukin-35

Unknown

Unknown (Chaturvedi et al.,
2011; Collison et al., 2007;
Collison et al., 2010)

Interferon-y, Interleukin-17

Interference with T helper
type 2 responses

Unknown

Galectin-1

Cell cycle arrest, inhibition of
proinflammatory cytokine
secretion, apoptosis

T cells, B cells (Garin et al.,
2007; Shevach, 2009)

Perforin, Granzyme A,
Granzyme B

Direct cytotoxicity

T cells, B cells, NK cells (Cao
et al., 2007; Shevach, 2009)

Fas-FasL Direct cytotoxicity, B cells, CD8 T cells, Dendritic
interference with antigen cells (Gorbachev & Fairchild,
priming (dendritic cells) 2010; Strauss et al., 2009)

CTLA-4 Inhibition of antigen- Antigen-presenting cells
presenting cell maturation, (Onishi et al., 2008; Shevach,
induced downregulation of  |2009)
CD80 and CD86 expression,
blockade of CD80 and CD86

LAG-3 Inhibition of antigen- Antigen-presenting cells
presenting cell maturation  |(Liang et al., 2008)

CD39, CD73 Inhibition of antigen- Antigen-presenting cells
presenting cell activation (Deaglio et al., 2007; Shevach,
through breakdown of 2009)
extracellular ATP

Fgl2 Inhibition of antigen- Antigen-presenting cells
presenting cells (Sarris et al., 2008; Shalev

et al., 2008)
Nrp-1 Strengthening of interaction |Antigen-presenting cells

with antigen-presenting cells

(Sarris et al., 2008; Shalev
et al., 2008)

Interleukin-2

Uptake of exogenous
interleukin-2, prevention of
responder cell activation

T cells, B cells, Antigen-
presenting cells (Chen et al.,
2011; de la Rosa et al., 2004;
Pandiyan et al., 2007)

Table 1. Mechanisms of Regulatory T Cell-Mediated Suppression

Thomann, 1994), mycoplasmas are in fact the etiological agent of a wide range of diseases in
both animals and humans (Krause & Taylor-Robinson, 1992; Simecka et al., 1992). Because of
their small size, mycoplasmas were first believed to be of viral origin. First isolated in 1898,
Mycoplasma mycoides subsp. mycoides, was reported as the agent of contagious bovine
pleuropneumonia in cattle (Nocard & Roux, 1990). Since, Mycoplasma species have been
isolated from almost every domestic and laboratory animal.
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Mycoplasma is commonly found as a respiratory pathogen. For example, Mycoplasma
pneumoniae, the most common Mycoplasma in humans, causes up to 30% of all cases of
community-acquired pneumonia. One study detected M. pneumoniae in over half of children
above the age of five. This would make Mycoplasma the single most common pathogen in
humans. While most cases of Mycoplasma infection are not life threatening, some do require
hospitalization (more than 100,000 people per year). Mycoplasmas have also been suggested
to have a role in the exacerbation of chronic asthma and certain autoimmune conditions
(Atkinson et al., 2008; Dobbs et al., 2010; Woolard et al., 2004).

There exists an interesting interplay between Mycoplasma and the host immune response.
Most of the information in this regard is due to studies using the natural murine pathogen
Muycoplasma pulmonis, which causes acute and chronic diseases of the respiratory tract in rats
and mice (Hardy et al.,, 2002). Several studies demonstrated that immune responses against
mycoplasma can be immunopathologic, contributing to disease severity. However, immune
responses are also important in restricting infection to the lungs, preventing dissemination
to other sites. Severe combined immunodeficient mice (T and B cell deficient) and athymic
mice (T cell-deficient) develop less severe pulmonary lesions due to M. pulmonis infection
than similarly infected wild type mice (Evengard et al, 1994; Keystone et al., 1980).
Adoptive transfer of lymphocytes into severe combined immunodeficient mice prior to M.
pulmonis infection restored the level of mycoplasma disease (Cartner et al., 1998).
Importantly, no difference in lung colony forming units was observed in these studies,
providing further evidence that the development of disease is due to immunopathologic
immune responses. Depletion of T cells from hamsters showed a similar reduction in lesions
after infection with M. pneumoniae (Taylor et al., 1974). Studies utilizing M. pulmonis have
shown that disease severity is directly related to Th cells. Depletion of these cells prior to
infection led to significant decreases in disease severity, as measured by weight loss and
lesion incidence (Jones et al., 2002). Since Th cell responses can be separated into Th1 or Th2
lineages, further studies were performed using IFN-y-deficient mice and IL-4-deficient mice.
Mice lacking IFN-y (which preferentially mounted a Th2 cell response) developed more
severe disease upon infection with Mycoplasma pulmonis at an early time point (Woolard et
al., 2004). In contrast, mice lacking IL-4 (which preferentially mounted a Thl cell response)
did not demonstrate any exacerbation of disease (Woolard et al., 2004). Furthermore,
immunization with mycoplasma antigen results in resistance to infection in IL-4-deficient
mice, but not IFN-y— deficient mice (Bodhankar et al., 2010). Overall, these studies suggest
that Th2 responses contribute to mycoplasma-associated immunopathology, while Thl
responses promote resistance to infection.

CD8* cytotoxic T cells also play a role in mycoplasma disease, though their role may be
regulatory in nature. When CD8* T cells were depleted from mice prior to infection with M.
pulmonis, disease severity increased (Jones et al., 2002). Similar results were observed in
studies involving rats. F344 rats developed less severe disease after infection with M.
pulmonis as compared to LEW rats (Davis & Cassell, 1982; Davis et al., 1982, 1985). This was
connected to higher levels of CD8* T cells in the lungs and draining lymph nodes of F344
rats compared to LEW rats. This effect may be due to the secretion of IFN-y by CD8* T cells,
which could dampen immunopathologic Th2 cell responses.

Recent studies from our lab showed that Ty cells clearly control the severity of disease in
mycoplasma respiratory infection. Depletion of Tieg cells using anti-CD25 antibody prior to
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infection with M. pulmonis resulted in significant increases in clinical disease severity. The
Treg cell-depleted mice lost significantly more weight over the course of the study and
displayed a significantly higher incidence of gross lung lesions. In addition, T cell-
depleted mice had more severe histological lung lesions, which included increased
peribronchial infiltration of inflammatory cells, airway exudate, epithelial hyperplasia, and
alveolitis. This effect was clearly related to a decrease in the level of Tig cells, as the anti-
CD25 antibody was shown to specifically deplete CD4+*CD25*FoxP3* cells without affecting
other cell populations. Increased disease in Treg cell-depleted mice was also concurrent not
only with increases in lung cell infiltration but also with increases in the levels of
mycoplasma-specific serum antibodies. Significantly, depletion of Tys cells had no effect on
mycoplasma numbers (Odeh & Simecka, in preparation). Thus, Treg cells dampen the
severity of inflammatory disease due to mycoplasma respiratory infection most likely
through regulation of immune responses, in an apparent attempt to limit damage within the
lung, but Ty cell activity does not contribute to persistence of mycoplasma infections, in
contrast to other studies such as those discussed above with Leishmania infection.

The mechanisms of how Tiegcells regulate the development of inflammatory lesions is under
investigation, but our results suggest that it is a result of activities of a novel population of
Theg cells. Our studies demonstrated that there was an increase in total cell numbers in the
lung of infected mice after Trg cell depletion, with almost all populations being affected.
Most interestingly, there was a preferential increase in the percentage of IL-13* cells in the
lower respiratory lymph nodes due to Trg cell depletion prior to infection, suggesting Treg
cells suppressed Th2 cell responses and perhaps promoted Th1 cell responses. Interestingly,
there were increases in Ty cells in lower respiratory tract lymph nodes during mycoplasma
disease pathogenesis, but neither IL-10 nor TGF-$ production by these Ty, cells in response
to mycoplasma could be demonstrated. Further characterization found that these T cells
included two subpopulations that expressed either intracellular IFN-y or IL-17, suggesting
that mycoplasma-specific Treg cells may act through novel mechanisms. In fact, in vitro
cultures containing Treg cells and Th cells from infected mice secreted significantly higher
levels of IFN-y and IL-17 when stimulated with mycoplasma antigen as compared to Th cells
alone. These data provided evidence that Trg cells might stimulate the secretion of IFN-y
and IL-17 cytokines by Th cells. In support, depletion of Treg cells from infected mice led to a
decrease in the in vivo secretion of IFN-y and IL-17 by T helper cells (Odeh & Simecka, in
preparation). These data suggest that two unique populations of Treg cells, IEN-y* or IL-17%,
develop in mycoplasma-infected mice, and that these novel populations of Ty cells
participate in control of the disease. Furthermore, these data suggest that IFN-y* and IL-17*
Treg cells promote the secretion of these cytokines by Th cells. Thus, the activation of this
unique population of Treg cells in mycoplasma infections may be beneficial, as the
stimulation of IFN-y and IL-17 production by Th cells would suppress the development of
immunopathologic Th2 cell responses.

4.2 Mycobacterium

Current estimates are that one-third of the world population is infected with Mycobacterium
tuberculosis (Bloom & Small, 1998; Dai et al., 2009; Urdahl et al., 2011). M. tuberculosis is
responsible for 1.7 million deaths worldwide each year, though most of these deaths occur
in developing countries, and/or in immunocompromised individuals (Kwan & Ernst, 2011;
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Lawn & Zumla, 2011). The pathogenesis of tuberculosis is interesting. The disease is
characterized by the persistence of infection and the formation of granulomas by the host to
prevent the spread of the infection. Upon initial exposure, mycobacteria are phagocytosed
by alveolar macrophages (Redford et al., 2011). However, through mechanisms that involve
altered production of reactive nitrogen intermediates and prevention of phagosome
maturation, M. tuberculosis bacteria are able to survive within the host cells (Flynn & Chan,
2003; Redford et al., 2011). The persistence of Mycobacteria leads to granuloma formation,
which not only prevents spread of the infection, but also benefits the bacteria by masking
them from the immune response (Flynn & Chan, 2003). This results in a latent infection that
never progresses to symptomatic tuberculosis (Flynn & Chan, 2003). Studies have
demonstrated that control of tuberculosis is dependent on IL-12 and Thl cell responses
(Altare et al., 1998; Newport et al., 2003; Redford et al., 2011; Urdahl et al., 2011). Th1 cell
responses are critical in macrophage activation and the formation and maintenance of the
granuloma (Saunders & Britton, 2007). Thus, like Mycoplasma and other infectious diseases,
the host response to M. tuberculosis infection is critical in determining the extent of lesions
and outcome of infection, and, in the case of M. tuberculosis, impairment of Thl responses
against the pathogen leads to spread of infection and more severe disease.

A small percentage of infected individuals, for reasons that are still not well understood,
will develop symptoms, which include fever, cough, chest pain, and night sweats (Bark et
al., 2011; Redford et al., 2011), but this is likely linked to a breakdown in Th1l responses
meant to isolate the infection. One of the common findings in individuals with symptomatic
tuberculosis, either from primary exposure or from reactivation of latent infection, is a high
concentration of IL-10 in the blood (Boussiotis et al., 2000; Redford et al., 2011). In support of
a critical role for IL-10 production in the pathogenesis of tuberculosis, IL-10 production was
associated with the reactivation of tuberculosis in a mouse model of this disease (Turner et
al., 2002). IL-10 can dampen macrophage activation and help stimulate the development of
Th2 cell responses and alternatively activated macrophages (Kahnert et al., 2006). Taken
together, IL-10 production in patients with active tuberculosis likely impairs the
development or maintenance of a Th1 proinflammatory response, leading to a breakdown of
the granulomas that are critical in limiting the spread of infection and damage to the host.

Since populations of Trg cells are often a source of IL-10, studies were performed examining
the role of Treg cells in M. tuberculosis respiratory infection. Treg cells in mice were indeed
found to proliferate in response to mycobacteria infection (Shafiani et al., 2010) and were
observed to localize to sites of Th cell responses in the lungs (Kahnert et al., 2006). By
adoptively transferring M. tuberculosis specific Treg cells, it was found that Tieg cells delayed
the infiltration of effector T cells into the lung environment, and led to higher bacterial
counts in the lungs of recipient mice (Shafiani et al., 2010). This delay in cell infiltration due
to Treg cells likely impaired host responses that effectively control mycobacteria infection,
disrupting protective granuloma formation. In fact, depletion of Tyg cells results in higher
numbers of mycobacteria (Kahnert et al., 2006). Thus, the production of T cell responses in
tuberculosis can impair host resistance to infection, and in fact, the overactivity of Treg cells
could participate in the transition of quiescent forms of tuberculosis to active disease. This
represents a case where the attempt of Ty cells to dampen inflammatory responses may
actually have a negative effect on disease outcome.
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4.3 Bordetella

Bordetella pertussis is the bacterium responsible for whooping cough, a disease that can afflict
all age groups, but which is especially predominant and dangerous in children (Dunne et
al., 2009; Marzougi et al., 2010). In addition to the cough itself, other symptoms can include
fever, nausea, convulsions, pneumonia, and, in severe cases, encephalopathy (Marzouqi et
al., 2010). Even with the use of pertussis vaccines, the incidence of Bordetella infections is
very high, with 40-50 million cases reported worldwide each year (Marzouqi et al., 2010). Of
these, 300,000-400,000 result in death, mostly in children living in developing countries
(Marzougqi et al., 2010). This makes whooping cough the most common vaccine-preventable
disease in the world (Marzougqi et al., 2010).

Upon initial exposure, B. pertussis adheres to the mucosal epithelium along the respiratory
tract (de Gouw et al., 2011). It can then form a protective biofilm that allows it to mask itself
from immune cells (de Gouw et al., 2011). There is even evidence that certain strains of
Bordetella can invade host cells, thus avoiding many host responses (de Gouw et al., 2011).
To promote its longevity and survival within the host, B. pertussis produces a number of
toxins and virulence factors (de Gouw et al., 2011). It is well established at this point that
clearance of Bordetella from the host requires a Th1 response, mediated by IFN-y (de Gouw
et al., 2011). Experiments with vaccines have shown that augmentation of the IFN-y-
mediated Th1 cell response leads to increased clearance of Bordetella (Marzoudi et al., 2010).
To interfere with this, Bordetella can induce the production of IL-10, and, most interestingly,
can stimulate the proliferation of IL-10-producing T cells (de Gouw et al., 2011; Higgins et
al., 2003). Treg cells and IL-10 production can then dampen the Th1 cell response against the
pathogen, delaying clearance of the organism and increasing its chances of transmission to
another host (de Gouw et al., 2011). In mice depleted of Tig cells, there was an increase in
the infiltration of immune cells into the lung environment (Higgins et al., 2003). This
corresponded with a significant increase in the incidence of lung lesions, indicating a strong
inflammatory response against the infection (Higgins et al., 2003). Thus, it appears that B.
pertussis harnesses the host's own mechanisms to modulate inflammatory responses by
stimulating T cells to dampen these responses, thus preventing efficient elimination of the
pathogen.

However, the role of Tig cells in Bordetella infections is more complex. The cascade of
events through which B. pertussis stimulates Trg cell activity is mediated by toll-like
receptors. Studies demonstrated that Bordetella infection results in the production of IL-10
by dendritic cells (Higgins et al., 2003). The stimulation of dendritic cells to produce IL-10 is
driven by engagement of toll-like receptor 4 (TLR4). The IL-10 released by Bordetella-
stimulated dendritic cells, in turn, helps to promote the expansion of the IL-10-secreting Treg
cell population (Higgins et al., 2003). This is supported by studies showing that B. pertussis
infection of TLR4-deficient mice results in a significantly lower number of antigen-specific
Threg cells than is found in wild-type mice. Furthermore, there was a concurrent decrease in
the IL-10 levels (Higgins et al., 2003). The absence of IL-10-secreting Tre; cells resulted in an
increase in the infiltration of immune cells into the lung environment (Higgins et al., 2003).
This corresponded with a significant increase in the incidence of lung lesions, indicating a
strong immunopathologic response (Higgins et al., 2003). Thus, B. pertussis utilizes a
pathway mediated by TLR4 recognition of the organisms to stimulate Tie; cell-mediated
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suppression of inflammatory responses that prevents both efficient clearance of the
organism and damaging immunopathologic responses.

4.4 Chlamydia and streptococcus

There has been little additional work done on the role of Trg cells in other types of
respiratory infections. However, there are some interesting studies on Chlamydia and
Streptococcus respiratory infections that suggest an important role for Trg cells in these
diseases.

Chlamydia muridarum is a murine pathogen that causes disease similar to that of Chlamydia
trachomatis in humans (Carey et al., 2011). As such, it is commonly used as a murine model.
Normally, C. trachomatis manifests in humans as a sexually-transmitted disease, infecting the
genital tract (Carey et al.,, 2011). However, it can infect other sites as well, including the
respiratory tract, and, as a result, experiments have been performed using experimental C.
muridarum lung infections (He et al., 2011). TLR2-deficient mice infected intranasally with C.
muridarum developed more severe lung inflammation and more severe overall disease as
compared to chlamydia-infected wild type mice (He et al., 2011). This was associated with
an increase in the concentrations of the profinflammatory cytokines IFN-y, IL-12, and IL-17,
and a concurrent increase in the infiltration of immune cells in lung tissue (He et al., 2011).
However, the lack of TLR2 had no effect on the clearance of the organism, as no differences
in bacterial counts were found between wild type mice and TLR2-deficient mice (He et al,,
2011). Recently, engagement of TLR2 was shown to promote the development of Tre, cells
(Chen et al., 2009). Thus, it has been theorized that the increased immunopathology in C.
muridarum-infected, TLR2-deficient mice may be due to a deficiency of T cells, though this
has not yet been conclusively demonstrated (He et al, 2011). If so, the TLR-mediated
mechanisms involved in promoting Trg cell activity by C. muridarum infection may be
similar to those described above for Bordetella, and this could be a common approach
through which some bacteria harness the immunosuppressive activity of Tig cells.

One of the most common respiratory bacteria, and the one most often responsible for severe
cases of pneumonia, is Streptococcus pneumoniae (Jones et al., 2010). Despite its role as the
quintessential pneumococcal pathogen, very little work has been performed in the area of S.
pneumoniae and Treg cells. In studies that examined the role of Streptococcus in asthma and
airway hyperreactivity, it was shown that both intact S. pneumoniaze and pneumococcal
proteins can induce the development of Tieg cells (Preston et al., 2011; Thorburn et al., 2010).
The role of Treg cells in pneumococcal disease is unclear, but recent studies have begun
examining the role of Ty cells in the generation of humoral immune responses against S.
pneumoniae. Mice were treated with Treg cell-depleting antibodies and infected with live
streptococcus. These mice develop similar levels of antibody responses as those in normal
mice with intact Treg cell activity (Lee et al., 2005). Similar results were obtained when mice
were given heat-killed streptococcus or protein-polysaccharide conjugates (which are used
in S. pneumoniae vaccines) (Lee et al., 2005). Thus, it appears that Trg cells do not play a role
in the development of anti-streptococcal humoral immunity. Further studies are needed to
determine whether Tr; cells play a role in disease pathogenesis or modulating protective
immunity against S. pneumoniae. However, the data do suggest that other bacterial species
can promote the development of Trg cell responses, which may play variable levels of
importance depending upon the bacteria, the host, and the infection.
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5. Conclusion

As discussed above, there has been limited work examining the role of Tres cells in the
pathogenesis of bacterial lung diseases. It is clear that modulation of Ty cell activity is done
in some cases to benefit the host and in other cases benefitting the pathogen. Because the
lung is a critical organ and a common site for exposure to infection, Trg cell activity is
probably most important in dampening inflammatory responses to infections in order to
minimize damage to the lung tissue. As indicated earlier, there are multiple mechanisms
through which Treg cells modulate these inflammatory responses and lesions. Although one
of the most common mechanisms is through the production of the anti-inflammatory
cytokine IL-10, Trg cells, as shown in Mycoplasma pneumonia, may also prevent the
development of potentially damaging immune responses by promoting other types of
immunity. Interestingly, some respiratory pathogens, as well as other bacteria, have devised
mechanisms to promote Ty, cell development in an apparent attempt to interfere with host
resistance and delay their clearance. Thus, Ty cells likely have varied activities in
pulmonary bacterial diseases, which are probably host and bacterial species specific.

Research on Trg cells and bacterial infections may also benefit treatment of other respiratory
diseases. In recent years, a large amount of research has examined the role of Tig cells in
asthma and other allergic diseases. Specifically, research indicates that stimulating the
development and activation of regulatory T cells may suppress allergic reactions and
asthma (Ray et al., 2010). Suggested methods for how to stimulate the development of Treg
cell responses vary. Interestingly, one possible approach involves treatment of patients with
bacteria or bacterial products (Fonseca & Kline, 2009; Trujillo & Erb, 2003), and indeed, there
are cases in which this type of therapy has been experimentally validated (Crother et al.,
2011; Preston et al., 2011; Thorburn et al., 2010). This promising approach may have a
broader utility since, as discussed in this article, different kinds of bacteria appear to be able
to elicit different types of Treg cell responses. This suggests that further studies into how
bacteria activate Treg cells are merited and could result in novel approaches to selectively
and appropriately activate Trs cells in the treatment of certain human diseases.
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1. Introduction

Asthma and chronic obstructive pulmonary disease (COPD) are distinct in pathobiological
characteristics. Asthma is a disease with its origins in child hood, is related to allergies and
eosinophils, and is best treated by targeting inflammation, whereas COPD is related to
adults who smoke and to neutrophils, and is best treated with bronchodilators and the
removal of risk factors. However, this distinction is not always clear-cut and there is a
considerable overlap in pathogenesis and clinical features; patients with severe asthma may
present with fixed airway obstruction while patients with COPD may have
hyperresponsiveness and eosinophilia (Kim & Rhee, 2010). In fact, the classification of
patients having asthma or COPD may vary day-to-day based on established diagnostic
criteria, due to their overlap and inherent variability in bronchodilator responsiveness
(Calverley et al., 2003). Moreover, several hypotheses/theories have been proposed to
explain whether they are in a single disease entity.

In accord with this concept for the two diseases, recent diagnostic approaches appear to be
concentrated on various and specific phenotypes because of their different therapeutic
responses to the standard treatment for each disorder depending on the phenotypes. The
refractory asthmatic patients share several characteristics of patients with COPD, suggesting
that drugs in discovery for COPD might also be effective in treating severe asthma (Barnes,
Mar 2008, Dec 2008). In fact, many new drugs under pre- or clinical trials are expected to be
effective in both diseases and overlapping situations. However, there remains still a need to
extend novel drug development and to investigate the mechanisms and treatment of
overlapping asthma and COPD. In this chapter, we will review these special therapeutic
considerations for severe or refractory entity, i.e., overlap of two major airway obstructive
disorders, asthma and COPD.

2. The overlap between asthma and COPD

Asthma and COPD are pulmonary disorders characterized by various degrees of airflow
limitation, inflammation, and tissue remodeling. Classical definition of two disorders
describes the physiological and anatomic extremes of asthma and COPD and allows them to
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be recognized as distinct disease entities. Actually, asthma has been differentiated from pure
COPD through several condition described as follows; i) youthful onset, ii) non-smokers, iii)
episodic and completely reversible airway obstruction and airway hyperresponsiveness,
and iv) allergic history including the association with rhinitis. In addition, a dysregulated T
helper cell (Th) type 2 inflammatory response is responsible for the eosinophilic and
mononuclear cell infiltration, mucous metaplasia, airway remodeling are seen in asthma
patients and characterize asthma. However, each disorder has a very wide spectrum of
clinical and pathobiological phenotypes thereby in considerable patients the diagnosis
becomes vague, confusing, and being overlapped (Kim & Rhee, 2010). Thus, the current
classification of obstructive airway diseases is not adequate to precisely treat COPD and
asthma. Recently, different statistical techniques have been used to better understand and
describe the multiple dimensions of airway diseases with the ultimate goal being
identification of distinct subgroups of patients with different prognosis or response to
treatment (Shirtcliffe et al., 2011).

Asthma and COPD are representative chronic inflammatory lung diseases. In both
conditions, inflammation is associated with episodic exacerbation and/or structural
alteration at large and small airway levels (Guerra, 2005; Jeffery, 2004). These can result in
a transient phenotypic overlap or a combined syndrome with characteristics of both
diseases.

Exacerbation of asthma and COPD is a clinically significant event and frequently associated
with a decline in lung function and symptomatic aggravation (Gibson & Simpson, 2009).
During exacerbation, airway inflammation becomes more exaggerated than in the mild and
stable disease states, thereby the inflammation pattern changes (Mauad & Dolhnikoff, 2008).
Neutrophil recruitment is a prominent feature of acute exacerbation of chronic asthma
(Lamblin et al., 1998), probably owing to respiratory tract infection by viruses (Fahy et al.,
1995; Wark et al, 2002). Furthermore, neutrophilic inflammation in the absence of
eosinophils is largely present in sudden-onset fatal asthma, and neutrophil numbers are
highly elevated in status asthmaticus (Lamblin et al., 1998; Tsokos & Paulsen, 2002). Thus,
severe and fatal asthma may be mediated by neutrophils, which is quite different from the
classical Th2-driven eosinophilic form. In COPD patients, an allergic profile of inflammation
can occur, particularly during exacerbation. Airway eosinophilia is observed in chronic
bronchitic patients with exacerbation and is associated with the upregulation of RANTES in
the airway epithelium (Saet et al., 1994; Zhu et al., 2001). These observations indicate that
inflammatory characteristics of asthma and COPD are interchangeable during exacerbation
and infection.

The cytokine profile is also affected by disease severity. During exacerbation, Th1/Th2
patterns are reversed to some degree in each disease. Several studies have demonstrated
that the level of IL-17 is elevated in asthma and COPD and is correlated with the presence of
neutrophils and the decrease of lung function (Bullens et al., 2006; Matsunaga et al., 2006;
Molet et al., 2001; Wong et al., 2001). The elevation of IL-17 level is associated with increased
neutrophilic inflammation during severe asthma or acute exacerbation (Wong et al., 2001).
In COPD, the role of IL-17 remains unclear, although the importance of IL-17 in stimulating
chemokine production and the involvement of neutrophils and macrophages in promoting
COPD pathogenesis suggest a potential connection (Curtis et al., 2007).
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Disease exacerbation in both asthma and COPD can lead to an accelerated decline in lung
function (Stein et al., 1999; Stern et al., 2007). Previous reports have shown an association
between severe asthma exacerbation and an accelerated decline in forced expiratory volume
in1s (FEV1), to a degree similar to that seen in patients with smoking and COPD (Vonk et
al., 2003). Another important observation is that the decline in FEV1 seen in patients with
infrequent exacerbation is similar to that in a population without asthma. These findings
suggest that repetitive episodes of exacerbation may result in fixed airflow obstruction in
asthma and contribute to the phenotypic overlap between asthma and COPD.

Decreased distensibility and increased collapsibility of small airways including alveoli are
prominent in asthmatic emphysema, whereas loss of elastic recoil is an important factor in
the dynamic collapse of the airway in COPD (James & Wenzel, 2007). Currently, there are at
least two major pathophysiological mechanisms responsible for the development of
emphysema: protease-antiprotease imbalance and apoptosis of structural cells (Spurzem &
Rennard, 2005). Increased elastin degradation and enhanced expression of proteases have
been documented in asthma patients (Bousquet et al., 1996; James & Wenzel, 2007). In IL-13-
overexpressing transgenic mice, emphysema and the increased expression of a variety of
matrix metalloproteinases (MMPs) and cathepsins have been observed (Zheng et al., 2000).
Intervention that neutralize MMPs or cathepsins has been shown to dramatically ameliorate
IL-13-induced emphysematous responses. These findings suggest that IL-13 has the ability
to induce alveolar remodeling responses in asthmatics. Moreover, in human asthma
patients, the numbers of eosinophils, CD4* T-cells, and macrophages are increased in
alveolar tissue at the time symptoms appeared (Kraft et al.,, 1996, 1999). Furthermore, the
degree of eosinophilic inflammation correlates positively with lung volume in asthma
patients (Sutherland et al., 2004). These data indicate that destruction of distal airways is a
consequence of a chronic, long-lasting injury, which affects lung function in both COPD and
asthma.

In addition, in COPD, there is evidence for remodeling, fibrosis, and inflammation in
epithelium, reticular basement membrane, airway smooth muscles (ASM), and mucous
glands, albeit with patterns different from those seen in asthmatics (Bosken et al., 1990;
Nagai et al., 1985; Wright et al., 1983). Furthermore, bronchodilator reversibility and AHR
may be present in a significant proportion of COPD patients (Kerstjens et al., 1993). Poorer
pulmonary function is associated with a greater magnitude of AHR, and increasing severity
of airway hyperresponsiveness is associated with faster rates of decline in lung function in
continuing smokers (Tashkin et al., 1996).

Taken together, both states of transient overlapping with exacerbation and
permanent/chronic structural changes between asthma and COPD may exhibit severe
phenotype and respond poorly to standard treatment for each disease.

3. Need for new therapeutic concept for overlap between asthma and COPD

There is now sufficient evidence to suggest that both asthma and COPD are complex
heterogeneous disorders including overlapped features each other with distinct risk factors,
pathophysiological processes, natural history, and treatment responses. However, current
treatment guidelines for COPD and asthma are based on randomized trials of highly
selected subgroups of patients, especially the very typical phenotypic group, i.e., Th2-
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predominant asthma and pure COPD (Shirtcliffe et al., 2011). Therefore, the major unmet
needs of current therapies include better treatment of severe and refractory disease entities
such as overlap between asthma and COPD. In addition, considering the poor and different
responses to current therapy in patients with overlap, the ultimate goal of treatment
targeted to this group can be achieved when the interrelationship between overlapping
situation and its cellular and molecular basis is understood. In fact, there are enormous
efforts to find the pharmacological therapeutic ways to control these specific phenotypic
conditions worldwide.

4. New therapeutic approaches for overlap between asthma and COPD
4.1 Bronchodilators

Bronchodilators are an important component for pharmacologic approaches preventing and
relieving bronchoconstriction. Recent popular bronchodilators are Br-agonists with long
action duration (long acting Bo-agonist, LABA) such as salmeterol and formoterol, which last
for over 12 hours. There are now several even longer-acting Pr-agonists (ultra-LABA) in
development, including indacaterol, carmoterol, GW-642444, and BI-1744, which have a
duration of action >24 hours and are suitable for once daily use (Cazzola & Matera, 2009). A
once daily muscarinic antagonist, tiotropium bromide, is less effective as a bronchodilator in
asthma than the po-agonists and is used predominantly in COPD, but might be a useful add-
on therapy in some patients with severe asthma (H.W. Park et al., 2009). Several new classes
of bronchodilators including other once daily muscarinic antagonists are also in
development. However, there are lots of challenges and hurdles to overcome
bronchodilators” weaknesses as a single therapeutic agent.

4.2 Novel corticosteroids

Inhaled corticosteroids (ICS) are the most effective anti-inflammatory therapy for asthma
and COPD. In addition, in case of asthma, corticosteroids are used as fixed combination
inhalers, i.e., LABA plus corticosteroid, and to date, this combination therapy is known to be
the most effective available therapy based on their synergistic effects. However, all currently
available ICS are absorbed from the lung and thus have the potential for systemic side effect.
This has led to a concerted effort to find safer ICS, with reduced oral bioavailability, reduced
absorption from the lung or inactivation in the circulation. Moreover, airway inflammation
in COPD responds poorly to corticosteroid administration (Barnes & Stockley, 2005; Culpitt
et al.,, 1999; Keatings et al.,, 1997), presumably because it is associated with neutrophils,
CD8+T lymphocytes, and CD68+ macrophages, cells that are minimally inhibited by
corticosteroids. Since asthma exacerbation exhibits mixed inflammatory pattern of asthma
and COPD, in the case of overlap between asthma and COPD, the therapeutic efficacy of
current corticosteroid to asthma is attenuated. To achieve disease modification, reductions
in the frequency and severity of acute exacerbations and effective suppression of asthmatic
and COPD-type airway inflammation, new corticosteroids and/or anti-inflammatory
strategies are required. Actually, dissociated steroids designed to separate the side effect
mechanisms from the anti-inflammatory mechanisms are expected to have a greater effect
on enhancement of transcription for anti-inflammatory genes, and thus might have a better
therapeutic efficacy with the reduction of side effects (Schaecke et al., 2004). On the other
hand, nonsteroidal selective glucocorticoid receptor activators (SEGRA), such as AL-438 and
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ZK-216438, are in development, although the effect of these drugs may not be efficacious as
pre-existing corticosteroids.

4.3 Modulation of cytokines; IL-17

Several cytokines act as important players in pathogenesis of asthma and COPD (Barnes,
2008). As for asthma, Th2 cytokines have been thought to play a major role in its
pathobiology traditionally. Inhibition of Th2 cytokine, IL-4 is proven to be disappointing,
but there is a continuing interest in blocking IL-13, a related cytokine that regulates IgE
formation, particularly in severe asthma. In fact, several IL-13 and IL-4Ra blocking
antibodies are now in clinical trials but to date, clinical studies in severe asthma have also
been disappointing (Chiba et al., 2009; Wenzel et al., 2007). Therefore, recent therapeutic
approach for asthma and COPD is deviated to develop the drugs for these severe and mixed
phenotypic groups. As one of hopeful candidates, mepolizumab is shown to reduce
exacerbation in a particular subset of patients who have persistent sputum eosinophilia
(Haldar et al., 2009; Nair et al., 2009).

IL-17, the cytokine being studied most actively nowadays, has attracted interest as a target
in severe asthma as it might be a mediator of neutrophilic inflammation in severe asthma
(James & Wenzel, 2007). Given the role of IL-17 in the regulation of growth factors that
promote granulopoiesis and production of chemokines that are involved in recruitment
neutrophils, IL-17 plays a pivotal role in the neutrophil responses in the lung. In addition to
severe asthma, steroid-resistant asthma may also feature a neutrophil-dependent
component (Louis & Djukanovic, 2006). In fact, neutrophils are largely steroid insensitive,
and corticosteroids inhibit neutrophil apoptosis (Cox, 1995; Schleimer et al., 1989), perhaps
explaining the increase in neutrophilia in severe and steroid resistant asthmatics. Another
key neutrophil protease, MMP-9, is a primary MMP enhanced in asthmatics, and the level of
MMP-9 correlates with asthma severity (Cundall et al., 2003; Wenzel et al, 2003).
Furthermore, IL-17 increases MMP-9 level via recruitment of neutrophils to the lung (Prause
et al., 2004).

Yet, the role of IL-17 and Th17 cells in COPD remains largely speculative, although the
importance of IL-17 in stimulating chemokine production and the role of neutrophils and
macrophages in promoting COPD pathogenesis have led to great deal of interest on their
interrelationship (Curtis, 2007). In addition, another possible link derives from IL-17’s ability
to drive MMP-9 production, which may directly link to tissue destruction observed in
COPD (Prause et al., 2004).

Taken together, these observations suggest a role of neutrophils in mediating severe and
steroid-resistant asthma (Foley & Hamid, 2007; Kamath et al., 2005; Louis & Djukanovic,
2006), indicating the therapeutic potential of blockade of IL-17 for the control of severe and
steroid resistant asthma such as overlap with COPD.

4.4 Regulation of lipid mediators

To date, the only mediator antagonists currently used in therapy for airway inflammatory
disorders are anti-leukotrienes, which block cysteinyl leukotriene (cysLT) type 1-receptors.
Although these drugs are much less effective than ICS, a recent study has revealed that
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cysLTs are implicated in sub-epithelial fibrosis, one of structural changes in airway
remodeling, in asthmatic airways through the induction of IL-11 expression (Lee et al.,
2007). Several other drugs that inhibit receptors or synthesis of lipid mediators are currently
in development. Among them, some novel 5-LO and 5-LO-activating protein (FLAP)
inhibitors are more effective in patients with neutrophilic inflammation because they block
the production of leukotriene (LT)B4. However, an LTB4 receptor (BLT1) antagonist had no
effect in mild asthma (Evans et al., 1996).

4.5 Phosphodiesterase (PDE) inhibitors; targeting PDE4

PDE4 inhibitors have been in development for many years. Interest in this class of
compound arose in the 1980s when it became clear that methylxanthines such as
theophylline, which had been widely used for its bronchodilator action since the 1930s, were
difficult to use and could be dangerous because of its side effects. As a consequence, safer
substitutes have been sought. At the same time, it was discovered that theophylline is an
nonselective inhibitor of PDEs. There are multiple families of PDEs; one of these families,
PDE4, is expressed in ASM and in immune and pro-inflammatory cells (Torphy, 1988, 1990,
1991, 1998). PDE4 inhibitors have a wide spectrum of anti-inflammatory effects, inhibiting T
cells, eosinophils, mast cells, ASM cells, epithelial cells, and nerve cells, and are very
effective in animal models of asthma (Chung, 2006). In accordance with these findings, an
oral PDE4 inhibitor, roflumilast, has an inhibitory effect on allergen-induced responses in
asthma and also reduces symptoms of asthma and lung function, similar to low doses of ICS
(Bousquet et al., 2006). In addition to asthma, COPD is also the target airway disorder of
PDE4 inhibitors with improving FEV1 and preventing the acute exacerbation (Calverley et
al., 2007, 2009; Rabe et al., 2005). Therefore, PDE4 inhibitors are expected to use for treating
COPD associated with asthma or patients at risk of transient overlapping situation such as
acute exacerbation.

4.6 Adenosine receptor inhibitors

One inflammatory mediator common to both airway diseases is adenosine, making its
receptor signaling pathway to be a therapeutic target for asthma and COPD. Adenosine
levels have been shown to increase in patients with asthma and COPD and in animal
models having features of chronic airway disease (Zhou et al., 2009). Moreover, inhalation of
adenosine induces bronchoconstriction in patients with asthma and COPD (Caruso et al,
2007). A non-selective adenosine receptor antagonist, theophylline, improves lung function
and symptoms in asthma and COPD (Caruso et al, 2007; Zhou et al., 2009). Furthermore,
adenosine receptors are expressed on most, if not all, inflammatory and stromal cell types
involved in the pathogenesis of asthma and COPD. Extracellular adenosine elicits its effects
by interacting with four adenosine receptors: AIR, A2AR, A2BR, and A3R (Polosa &
Blackburn, 2009). Adenosine receptor signaling systems are complex, displaying different
and specific actions in various inflammatory responses. Studies with animal models of
airway disease have suggested that Al, A3, and A2B antagonists may be useful for the
treatment of asthma and COPD, although their therapeutic efficacy remains to be fully
evaluated. Various selective adenosine receptor antagonists are under preclinical or clinical
studies with patients of asthma and/or COPD.
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4.7 Kinase inhibitors: Nuclear factor (NF)-xB, mitogen-activated protein kinase
(MAPK), and phosphoinositide-3 kinase (PI3K) signaling pathways

Generally, kinases are a pivotal component of biological actions in living things. In airway
inflammation, a tremendous number of kinases are implicated and play critical roles. NF-xB
regulates expression of various inflammatory genes that are involved in airway diseases
(Adcock et al., 2006). Indeed, small molecule inhibitors of the key enzyme IKK2/IKKb
(inhibitor of kB kinase) block inflammation induced by NF-kB activation and are now in
preclinical test (Karin et al., 2004). In addition, p38 MAPK activates similar inflammatory
genes to NF-«xB, and is activated in cells from patients with severe asthma (Bhavsar et al.,
2008). Several small molecule inhibitors are now in clinical study for the treatment of
inflammatory diseases (Cuenda & Rousseau, 2007). Most of all, PI3K signaling is the most
anticipated target of future drugs for asthma and COPD. In particular, the major focus of
interest has been PI3Ky and & isoforms in respiratory disorders including asthma. PI3Ky is
important for chemotactic responses, and selective inhibitors are in development, whereas
PI3K§ activation results in reduced steroid responsiveness through reducing histone
deacetylase (HDAC)2 activity, thus PI3KS inhibitors could potentially reverse corticosteroid
resistance in severe asthma (To et al., 2010). In addition, selective inhibition of the PI3K3
signaling pathway suppresses IL-17 expression through regulation of NF-«B activity in
asthma (Park et al, 2010). These findings suggest that PI3Ky/$ targeting agent can be a
promising therapeutic tool for the treatment and prevention of severe asthma having COPD
natures and acute exacerbation.

4.8 Targeting regulatory T cells

Regulatory T cells in patients with corticosteroid resistance produce less IL-10 but this can
be restored with vitamin D3 supplementation in vitro (Xystrakis et al., 2006). Additionally, in
corticosteroid-resistant patients with asthma, intake of vitamin D3 enhances IL-10 secretion
from regulatory T cells in response to dexamethasone (Xystrakis et al., 2006). However, the
therapeutic effects of vitamin D3 and its analogue 1a,25-vitamin D3 (calcitriol) on refractory
or steroid resistant asthma remains unclear and need to test in large-scaled clinical trials.

5. Conclusion

Despite the distinct clinical phenotypic features of asthma and COPD, there is considerable
overlap of symptoms and pathogenesis, and several hypotheses have been proposed
regarding the status of asthma and COPD as a single disease entity. Overlapping features
may occur not only in a permanent form but also as a transient symptom, as in exacerbation.
In accordance with this, recent therapeutic approaches have concentrated on a target
common to the pathogenesis of both asthma and COPD. Classic pharmacologic agents are
innovating as new drugs to avoid significant side effects and to cover the patients at risk
frequent exacerbation and refractory severe disease status in asthma and COPD. Novel
candidate targets include various kinase pathways, adenosine receptors, lipid mediators,
and PDE4, and almost of them are under preclinical or clinical trials. However, it still
requires enormous efforts to develop novel classes of drugs overcoming the limitations of
pre-existing medicines and to investigate the mechanisms and treatment of overlapping
asthma and COPD.
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1. Introduction

The World Health Organization (WHO, 2003, 2011) estimated that at international level
approximately 1.3 million people currently smoke cigarettes or other products. Almost one
billion men and 250 million women, and about 6 million people die each year from diseases
related to smoking. Related diseases comprise different types of cancer (lung, larynx, oral
cavity), cardiovascular (atherosclerosis, stroke), respiratory diseases (acute and chronic),
alterations in the reproductive system, dental problems (leukoplakia, gingivitis, among
others), peptic ulcer and some diseases of eye, diabetes.

In the last two decades different interventions have been developed for smoking cessation,
resulting from the World Health Organization Framework Convention on Tobacco Control
(abbreviated WHO FCTC), in which emphasize among other actions, the importance of
scientific research to develop programs for smoking cessation and for the treatment of
nicotine addiction (WHO, 2003). Such interventions include non-pharmacological
(psychological) and pharmacological approaches (nicotinic and non-nicotine treatments).
Some authors point out that the combination of a psychological intervention with any
pharmacological intervention significantly increases the likelihood of success for quitting,
however, the results are not conclusive (Ingersoll & Cohen 2005; Prochazca, 2000). In this
sense, there have been different clinical trials with the purpose of evaluate systematically
and empirically the effectiveness of the combination of these interventions.

2. Psychological interventions for smoking cessation

Different studies showed that psychological treatments, specifically those that employ
behavioral and cognitive-behavioral techniques are effective for smoking cessation
(Lancaster & Stead, 2011). These techniques include control of stimuli, cue exposure, the
handling of contingencies, smoking fast, gradual reduction of ingestion of nicotine and tar
(GRINT) technique, nicotine fading, self- control techniques and coping skills (prevention of
relapses, skills training), solution of problems and social support (Dodgen, 2005; Fiore, et al.,
2000; Foxx & Brown, 1979). Behavioral cognitive interventions focus on cognitive and
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emotional processes associated to the consumption of tobacco. Recognizes the existence risk
situations in which it is likely the person smokes, and identify them. These risk situations
could include cognitive aspects, and/or emotional expectations, as well as places, friends or
holidays. The identification of situations of risk provides training in coping skills, which can
also be cognitive and emotional (cognitive dissonance, restructuring of thought, relaxation),
and/or behavioral (avoidance of the situation, social skills, etc.).

3. Nicotine Replacement Therapies (NRT)

Nicotinic replacement therapies seek to reduce smoking and the withdrawal symptoms,
consequently increase the probability of remaining abstinent. Reviews of various clinical
trials indicate that all types of nicotine replacement therapy (nicotine gum, transdermal
nicotine patch, nasal spray, inhaler, and sublingual tablets / pills) can help the people who
try to quit smoking to increase the likelihood of maintaining abstinence and all are superior
to placebo (Einsenberg, Filion & Yavin (2008)). Also remarks that the effectiveness of
nicotine replacement therapy does not increase with the inclusion of some support program
as a psychological intervention (Stead, et al, 2011). Some clinical trials in this regard,
incorporate in experimental conditions the combination of a psychological intervention with
some nicotine replacement therapy mainly with nicotine patch and gum with nicotine.

Richmond, Kehoe and Almeida (1997) analyzed different clinical trials showing that the
combination of nicotine replacement therapy and cognitive behavior intervention is more
effective. The purpose of the study was to determine the effectiveness of transdermal
nicotine patch in combination with a cognitive-behavioral program. Participants (305)
were randomly assigned to two groups: the active nicotine patch or the placebo patch
group. The subjects of the active group received weekly patches until completing 10
weeks, 21 mg of nicotine / day for 6 weeks, followed by a dose of 14 mg/day for two
weeks, and 7 mg of nicotine / day in the past two weeks. All subjects attended to a
multicomponent cognitive behavioral program designed to promote the attitude and
behavioral change in smokers, consisting in-group sessions of 2 hours/ week for five
consecutive weeks. All measures (point prevalence, continuous and prolonged
abstinence), abstinence rates at 12 months were consistently twice higher for those who
wore nicotine patch compared with placebo.

Another clinical trial shows that telephone counselling in addition to NRT also increases
abstinence rates. In this clinical trial 854 smokers were assigned to NRT (nicotine
transdermal patches 21 mg, 14 and 7 mg for 10 weeks) alone or NRT and telephone
counselling (5 sessions spaced according to a relapse-sensitive call schedule). Abstinence
rates were significantly higher in participants receiving telephone counselling than among
those not receiving telephone counselling at both 3 and 6 months. In addition, abstinence
rates at 6 months were significantly higher for participants receiving counseling. The
combination of telephone counselling and NRT was superior compared with NRT alone (in
28 continuous day abstinence at 3 months, 1.6% vs. 25.1%, and at 6 months 30.1% vs. 22.4%)
and for 90 continuous day abstinence at 6 months 26.7% vs. 18.6 % (Macleod, Arnaldi &
Adams, 2003).

Alterman, Gariti and Mulvaney (2001) evaluated the efficacy and cost of three levels of
medical-behavioral treatment intensity in combination with NRT. A low-intensity group
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received eight weeks of NRT and one advice and education session, a moderate-intensity
group received NRT and four advice and education sessions, and a high-intensity group
received the combination of NRT, four advice and education sessions, and 12 weeks of
individualized cognitive-behavioral therapy. Abstinence rates confirmed biochemically at
week 9, 26 and 52 after the beginning of the treatment, were higher for the treatment of
high-intensity (45 %, 37 % and 35 %, respectively), followed by low-intensity (35 %, 30 %
and 27 %, respectively) and moderate intensity (27 %, 12 %, 12 %, respectively). The cost
calculated for the treatment of low-intensity was $308, for the moderate intensity $338 and
for the high-intensity $582. The results showed that better abstinence rates confirmed
biochemically after a year occurred in the groups that received the high and low intensity
interventions. Similar results were obtained for African American smokers (Webb, et al.,
2010). In such study, 154 smokers using transdermal nicotine patches for eight weeks (four
weeks with 21 mg, two weeks with 14 mg, and 2 mg for seven weeks), were randomly
assigned to one of two groups, either cognitive-behavioral therapy or general health
education. Results showed that 7-day point prevalence abstinence was higher for cognitive
behavioral therapy than for general health education, after the intervention (51% vs. 27%), at
three (34% vs. 20%) and 6 months (31% vs. 14%).

However, different clinical trials have found negative results. In one study, the effectiveness
of NRT alone and in combination with behavioral interventions was evaluated on a
population of smokers from a New England Veterans Affairs Medical Center. Participants
(2,054 smokers) were assigned to one of four conditions: stage-matched manuals (the
manuals were consistent with their stage of readiness to change; NRT (16 hrs / 15 mg for 6
weeks) and manuals; expert system, NRT and manuals; and automated counselling, NRT,
manuals, and expert system. The effectiveness at 30 months of stage-matched manuals was
of 20.3%. Intervention did not increase with the addition of NRT (19.3%), nor expert system
interventions (17.6%), or automated telephone counselling (19.9%) (Velicer et al., 2006), it is
interesting to note that in this study the participants were ready to quit.

The effectiveness of cue exposure treatment in smoking relapse prevention in addition to
other NRT, nicorette gum 2mg, and cognitive behavioral intervention was at evaluated 1, 3,
6 and 12 months. A sample of motivated smokers received a counselling session and was
randomly assigned to one of the four treatments for the prevention of relapses: a) brief
intervention; b) cognitive behavioral intervention and gum nicotine; c) cognitive behavioral
intervention and cue exposure; and d) cognitive behavioral intervention, cue exposure and
nicotine gum. The addition of NRT to the standard treatments did not increase abstinence
rates; no differences were observed for the cue exposure conditions, however the same
authors questioned the imaginal cue exposure paradigm used (Niaura et al., 1999).

4. Non nicotinic pharmacological therapies

Non nicotinic pharmacological treatments are one option for people who want to quit
smoking and need medical prescription. One of the options for this type of treatment is the
use of antidepressants, like bupropion, doxepin, fluoxetine, imipramine, moclobemide,
nortriptyline, paroxetine, selegiline, sertraline, tryptophan and velanfaxine. Hughes, Stead
and Lancaster (2011a) reviewed the results on the effectiveness to quit smoking with the
administration of antidepressants finding that bupropion and nortriptyline have long-term
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positive effects similar to nicotine replacement therapy, while fluoxetine, a selective
serotonin reuptake inhibitor, had minor effects.

Different reviews coincide with the efficacy of the different non-nicotinic pharmacological
treatments, being varenicline and bupropion the most effective to increase abstinence rates
(Hughes, Stead & Lancaster, 2011a), and varenicline with higher effectiveness (Einsenberg,
Filion & Yavin (2008)). Cytisine is an agonist of nicotinic receptors that has been used to
treat tobacco dependence for 40 years in Eastern Europe (Etter, 2005) and varenicline is an
analog of cytisine (Coe et al., 2005).

Varenicline (Chantix or Champix) is a partial nicotinic receptor agonist that also inhibits
dopamine, and it was suggested for smoking cessation (Coe et al., 2005). Reviews of its
effectiveness conclude that increases the chances of quitting successfully in the long term
between two and three times in comparison with the attempts to quit smoking without
pharmacological aid. In addition, varenicline seems to be more effective than bupropion, but
the effectiveness compared with nicotine replacement therapy has not fully studied (Cahill,
Stead & Lancaster, 2011). Bupropion (Zyban Wellbutrin, Zyban, Voxra, Budeprion) is a non-
tricyclic antidepressant that inhibits norepinephrine and dopamine reuptake, and acts as a
nicotinic acetylcholine receptor antagonist (Dwoskin et al., 2006; Richmond & Zwar, 2003).
Clinical studies showed that bupropion was as effective as the standard antidepressants
used at that time in the treatment of major depression, and it was helpful in patients
resistant to typical antidepressants (James & Lippmann, 1991). Some reports demonstrated
its efficacy in the treatment of smokers (Ferry & Burchette, 1994; Ferry et al., 1992).
Bupropion has also been evaluated in combination with psychological interventions under
the assumption that in combination with cognitive behavioral therapy abstinence rates are
increased. Tonnesen et al. (2003) conducted a randomized, double blind, placebo-controlled
study with 707 smokers, 527 smokers received bupropion 300 mg daily for 7 weeks and
attended to a behavioral cognitive intervention, and 180 received placebo and a behavioral
cognitive intervention. The results showed that abstinence rates were significantly higher for
bupropion compared with placebo group. At 12 months continuous abstinence rates were
21% for bupropion and 11% for the placebo group. The authors conclude that bupropion in
combination with counselling increases abstinence rates compared to placebo. In addition,
McCarthy et al. (2008) conducted a clinical trial with 463 smokers who were randomly
assigned to one of four groups: 1) placebo 2) placebo and counselling, 3) bupropion and 4)
bupropion with counselling. Counselling sessions were focused in: a) preparation for
quitting, b) cope abilities and problems solution (identification of triggers for relapse,
analysis of past relapses and relapses in current attempts to quit smoking, and providing
psycho education in relation to the distraction and coping), c) relapse prevention (planning
long-term relapse) d) social support (empathy, support), e) keep the motivation to quit
smoking by encouraging the participants to identify and record the reasons for quit smoking
and developing strategies to remind themselves these reasons after they quit smoking.
Prolonged abstinence rates obtained at the end of the treatment, at 6 and 12 months were for
placebo group 25.1%, 16.8%, 14.2%; for bupropion (50%, 25% and 18.1%), and for bupropion
and counselling (50%, 25% and 18.1%). The authors concluded that the group that received
bupropion was more effective than the groups receiving placebo, and the inclusion of
counselling plus bupropion did not increased abstinence rates significantly.
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The combinations of bupropion with cognitive behavioral interventions of different
intensity have been evaluated. In a randomized clinical trial, 1524 smokers were randomly
assigned to one of four groups: 1) bupropion (150 mg) and moderate behavioral counselling
(telephone program based on cessation strategies), 2) bupropion (150 mg) and minimal
counselling (self-help mailed materials), 3) bupropion (300 mg) and moderate behavioral
counselling, or 4) bupropion (300 mg) and minimal behavioral counselling. Three month
follow up shows that groups of bupropion with doses of 300 mg and minimal and moderate
behavioral counselling had higher abstinence rates (35% and 26.7% respectively) than the
groups that received bupropion (150 mg) and minimal and moderate behavioral (24.4% y
24.2% respectively). At 12 months the abstinence rates changed mainly in the groups of
moderate behavioral intervention; groups that used bupropion 150 and 300 mg with a
moderate behavioral program had higher abstinence rates (31.4 % and 33.2 %, respectively)
than with the bupropion 150 mg and 300 mg groups with a minimal behavioral program
(23.4% and 25.7%, respectively) (Swan et al., 2003). The results show that there is an
advantage associated with high doses of bupropion for smoking cessation in a three months
period but not in 12 months, similarly to other clinical trials. In a similar study with 1524
participants using the same doses of bupropion in combination with behavioral
interventions of minimal intensity (tailored mailings) or moderate intensity (proactive
telephone calls), it was found that 150 mg of bupropion combined with either behavioral
intervention was the most cost effective (Javitz et al., 2004).

Venlafaxine, a reuptake inhibitor of serotonin and norepinephrine (Redrobe, Bourin,
Colombel & Baker (1998)) is another antidepressant used to quit smoking. In a study 147
participants were assigned to one of two groups, velanfaxine or placebo in combination with
cognitive behavioral intervention (nine weekly sessions: six personally, three by phone) and
nicotine patches (22 mg/day). The results showed that the inclusion of venlafaxine in a
treatment program including behavioral intervention and nicotine replacement therapy
does not improve rates of abstinence. Venlafaxine improves the abstinence of smokers who
consume less than a packet, and has positive benefits on negative affect for all smokers 6
weeks after cessation, time in which there is a greater chance of having a relapse (Cinciripini
et al., 2005).

Under the same logic, the search conducted identified two studies, which assessed the
effectiveness of the combination with the antidepressant nortriptyline and behavioral
intervention. Nortriptyline (Sensoval, Aventyl, Pamelor, Norpress, Allegron, Noritren and
Nortrilen) is a second-generation tricyclic antidepressant that inhibits the reuptake of
norepinephrine and serotonin with small effects on dopamine reuptake (Fuxe et al., 1977;
Robinson et al., 2000).

In the first study, nortriptyline (12 weeks) was more effective than placebo increasing
abstinence rates independently of depression history and alleviated a negative affect after
smoking cessation; while cognitive behavioral therapy was more helpful in participants
with a depression history. Participants were 199 smokers, stratified according depression
history and number of cigarettes; participants were randomly assigned to cognitive
behavioral treatment or health education program and one of two treatments, nortriptyline
or placebo. Nortriptyline produced higher abstinence rates than placebo, independent of
depression history. Cognitive behavioral therapy was more effective for participants with a
history of depression. Nortriptyline alleviated the negative affect occurring after smoking
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cessation (Hall et al, 1998). In the second study, the effect of long-term nortriptyline
treatment (52 weeks) in combination with a psychological intervention was evaluated. One
hundred sixty smokers were randomly assigned to four different conditions, brief
nortriptyline (12 weeks) or extended treatment with their respective placebo groups; all
participants received nicotine patches (4 weeks, 21 mg; 2 weeks 14 mg, 2 weeks, 7 mg) and
five counselling sessions. Participants in extended treatment continued with drug or placebo
until week 52 and 9 monthly additional counselling sessions. The abstinence rates were
superior for extended treatment, and superior to placebo; the authors conclude that
extended period in combination with psychological interventions induce high abstinence
rates (Hall et al., 2004).

Other clinical trials assessed two types of antidepressants with behavioral interventions. The
abstinence rates with 12 weeks of treatment with nortriptyline versus bupropion versus
placebo, and the addition of behavior therapy intervention versus medical management
involving (brief advice and counselling) was evaluated by Hall et al. (2002). In the study, 220
smokers were randomly assigned to one experimental condition: 1) placebo and medical
management, 2) placebo and a psychological intervention, 3) nortriptyline and medical
management, 4) nortriptyline and psychological intervention, 5) bupropion and medical
management and 6) bupropion and psychological intervention. Bupropion and the
nortriptyline were more effective than placebo after one year follow up; the effectiveness of
bupropion and nortriptyline was similar (bupropion, nortriptyline and placebo with
medical advice 29%, 23% and 13% respectively and bupropion, nortriptyline and
psychological intervention 29%, 23% and 21%). The authors conclude that the inclusion of a
psychological intervention or the increase of contact does not increase abstinence. Another
study carried out with 220 cigarette smokers, comparing bupropion vs. nortriptyline vs.
placebo in addition with two behavioral interventions; calculate the cost-effectiveness at 52
weeks. Nortriptyline costs was lower than bupropion, psychological intervention cost less
than the two drug treatments; however in both cases the differences were not significant
(Hall et al., 2005).

Fluoxetine (Prozac) is a specific serotonin reuptake inhibitor (SSRI) antidepressant also used
in smoking cessation interventions (Cornelius et al., 1999). Niaura et al. (2002) explored the
dose-effect of fluoxetine in smoking cessation. In a blind study, 989 smokers received nine
sessions of a cognitive behavioral therapy and were assigned to one of three treatments: 1)
fluoxetine 30 mg, 2) fluoxetine 60 mg, 3) placebo. Follow ups at four, 8, 16 and 26 weeks
were conducted to identify abstinent participants. The rates of abstinence reached were of
13% for placebo, 12% for fluoxetine 30 mg, and 14 % for fluoxetine 60 mg, at the end of the
treatment no significant differences were detected among groups, the authors suggest that
there is not enough support to consider fluoxetine as either a first- or even a second-line
treatment for smoking cessation.

In another clinical trial using fluoxetine, Saules et al. (2004) evaluated the combination of
fluoxetine, the cognitive behavioral therapy and NRT to quit smoking in 150 people aged
between 21 and 65 years. It was a double-blind, placebo controlled study, with three groups,
a group receiving treatment with fluoxetine 20 mg, a second group 40 mg and a third group
received placebo; all participants received 10 weeks of nicotine patch (20 or 40 mg/day) and
six weeks of cognitive behavioral therapy. At the end of treatment abstinence rates obtained
were of 35.4 % in the placebo group, 43.1% for the fluoxetine 20 mg group and 43.1 % for the
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group fluoxetine 40 mg. The results suggest that fluoxetine can moderate withdrawal
symptoms, but not improved abstinence rates. Thus, the results obtained by different
studies show that behavioral interventions in combination with bupropion, nortriptyline
and fluoxetine increase the probability of quitting, although the effectiveness of the first two
compounds compared with placebo is substantially higher than fluoxetine.

Naltrexone (Narpan, Revia, Antaxona, Depade) and naloxone (Narcan), opioid receptor
antagonists, employed mainly for of alcohol and opioid dependence are other compounds
used for the treatment for smoking cessation. There are few studies with naloxone, with
contradictory findings. For example, naloxone seems to increase craving (Krishnan-Sarin,
Rosen & O’Malley, 1999), and no significant effects on nicotine withdrawal are described
(Gorelick, Rose & Jarvik 1988; Wewers, Dhatt & Tejwani, 1998). Regarding the number of
cigarettes smoked, a decline was observed with naloxone compared with placebo group
(Gorelick et al., 1988; Karras & Kane, 1980), while also negative results are reported
(Nemeth-Coslett & Griffiths, 1986). The results obtained with naltrexone are also
ambiguous. Covey, Glassman & Stetner (1999), described significant abstinence rates at 3
and at 6 months (26.7% for naltrexone; 15.2% for placebo). The administration of naltrexone
with NRT do not induce significant effects on smoking abstinence; 100 participants were
given 12 weeks treatments: either placebo, naltrexone (50 mg daily), placebo with nicotine
patches (21 mg/24-hour during first 8weeks, 14 mg/24-hour the last 4weeks ), or naltrexone
with nicotine patches (Wong et al., 1999). The use of naltrexone and nicotine patches in
combination with cognitive behavioral treatment based on the community reinforcement
approach (CRA) was evaluated in 25 abstinent smokers (smoking 15 cigarettes daily for at
least 5 years, with 3 attempts to quit smoking in the last 5 years). The treatment lasted 8
weeks; the first week naltrexone from 5 mg to 25 mg was given orally, all participants
received nicotine patches (21 mg/ 24 hrs to 7 mg /24hrs). On week 2, naltrexone doses were
administered to four groups: 1) 25 mg of naltrexone, 2) 25 mg of naltrexone and CRA 3)
naltrexone 50 mg, and 4) 50 mg of naltrexone and CRA. The craving decreases in each
measurement and abstinence to the 3-month follow up rates were higher for groups who
received the CRA and naltrexone compared with those that only received naltrexone (46 %
and 25 %). In the 18-month follow up the abstinence rates were higher (17 % and 31 %) in
the groups receiving the combination of treatments than that using only naltrexone (Roozen
et al., 2006). The meaning of this study is questionable since the follow up was done just at 3
months, it is not a blind study and a placebo group was not included. However, since there
are few studies of its effectiveness David et al. (2011) indicate that it cannot confirm or refute
whether naltrexone helps people to quit smoking. In addition, the anxiolytics drugs do not
have empirical evidence indicating that they are effective for smoking cessation (Hughes,
Stead & Lancaster , 2011b).

5. Justification

The results of the literature support and justify the importance of conducting clinical
randomized controlled trials, given that the results of this kind of studies derive from
practice based-evidence, in other words, results show information about treatment options
which allows clinical practice supported by scientific evidence (Nathan et al., 2000).

Specifically in México, in the national survey of addiction conducted in 2008, in the
population among 12-65 years, 14 millions (18.5%) were active smokers, the 17.1%
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ex-smokers and the 64.4% were not smokers (Secretaria de Salud [SS], 2008). The total
number of annual deaths attributable to smoking by associated diseases is more than 60
thousand (daily killed 165 people). Specifically, 38% of these deaths (22 778 deaths) were
from ischemic heart disease, 29% (17 390 deaths) due to emphysema, chronic bronchitis, and
chronic obstructive pulmonary disease (COPD), 23 % (13, 751 deaths) from stroke and 10%
by cancer of lung, bronchus and trachea (6,168 deaths) (Kuri-Morales et al., 2006).

The National Council Against Addictions (Consejo Nacional Contra las Adicciones
[CONADIC], Spanish abbreviation), pointed out that in public health institutions the
programs developed and currently in use are characterized by using different theoretical
and methodological assumptions; the range include from rational emotive therapy,
hypnosis, systemic therapy, therapy, cognitive behavioral interventions to NRT (SS, 2002).

So we propose that is necessary to consider aspects related to the effectiveness of
treatments, such as: a) the systematic evaluation of interventions to stop smoking in order
to know the real impact on the consumption pattern; b) the assessment of psychological
interventions when combined with pharmacological treatments; c) the theoretical-
methodological congruence of psychological treatments; d) evaluation of abstinence rates
at the end of the treatment and follow up (for at least six months), that is, evaluate
whether abstinence rates are maintained in the long term. Therefore, the hypothesis
underlying this work is that the combination of a brief behavioral intervention with the
NRT will induce abstinence rates higher at the end of treatment and follow up (6 months)
than each one of the treatments.

5.1 Objective

Then the objective of present study was to assess the effectiveness of brief motivational
intervention for smoking cessation applied alone and combined with nicotine replacement
therapies.

5.2 Method

Participants: 71 smokers (38 man and 33 women), recruited via advertising and fliers which
attended to the Communitarian Center and wanted to participate in the study.

Inclusion criteria: Being between 19 and 60 years; signed informed consent.

Exclusion criteria: Present specific medical condition (hypertension, ulcers, diabetes, some
types of cancer, chest pain in the last month), pregnant women, and people who were taking
any medication for the diagnosis of major depression, severe anxiety or any other
psychiatric disorder.

Setting: Communitarian Center “Acasulco”, Psychology Faculty, UNAM.
Instruments and assessment tools:

- Pre-selection questionnaire: consists of ten questions related to the criteria of inclusion
and exclusion.

- Initial interview: To obtain socio demographic data, family and social history, work
history and place of residence, history of alcohol and drugs (Ayala et al., 1998).
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- Fagerstrom Test for Nicotine Dependence (FTND) (Heatherton, Kozlowski, Frecker &
Fagerstrom, 1991).

- Brief Questionnaire for Situational Confidence (BQSC) (Sobell et al., 1996; adapted by
Ayala, et al., 1998).

- Beck Depression Inventory (BDI) (Beck et al., 1988; adapted by Jurado et al., 1998).

- Composite International Diagnostic Interview (CIDI), in this study only the B section
that refers to "Disorders due to tobacco" was used (WHO, CIDI, 1990).

- Beck Anxiety Inventory (BAI) (Beck et al., 1988; adapted by Robles et al., 2001)

- The timeline follow-back (TLFB) (Sobell, Brown, Leo & Sobell, 1996; adapted by Lira,
2002).

- Stages of Change Readiness and Treatment Eagerness Scale (SOCRATESSD), (Miller,
1999; adapted by Cuevas et al., 2005).

Material used in the brief motivational intervention for smoking (BMIS)

- Brochure No. 1 "Deciding to quit”

- Brochure No. 2 "Identifying my situations related to smoking"
- Brochure No. 3 "Plans of action to stop smoking"

- Registration form of cigarettes consumption.

Procedure:

Smokers attending to the Community Center had an admission session. In this in which
several instruments were applied to select participants according to inclusion and exclusion
criteria: pre-selection questionnaire, informed consent, initial interview, FTND, and CIDL

Following the identification of the participants according to inclusion and exclusion criteria,
all participants undergoing an initial assessment from the application of the following
instruments: BQSC, BDI, BAI, TLFB, SOCRATES 8D.

Subsequent to the initial assessment participants were randomly assigned to one of five
experimental conditions: 1) BMIS, 2) nicotine inhaler, 3) gum nicotine, 4) BMIS combined
with nicotine inhaler, 5) BMIS combined with nicotine gum. At the end of the treatment and
at 6 month follow up the initial assessment instruments were applied (see Figure 1).

Brief Motivational Intervention for smokers (BMIS)

The intervention is individual and consists of an admission session, an evaluation session,
four sessions of treatment and six months follow up. In the program, the participants receive
three booklets of work and self - reports of consumption (Lira-Mandujano et al., 2009). The
BMIS is based in the social cognitive theory (Bandura, 1986), uses as main strategy the
motivational interview (Miller, 1999; Miller & Rollnick, 1991), the relapse prevention
approach (Carroll, 1999; Marlatt, Parks & Witkiewitz, 2002; Piasecki, 2006) and self-control
techniques (Cooper, Heron & Heward, 2007; Mufioz, Labrador & Crusader, 2008).

Nicotine Inhalator (10 mg)

This kind of dose NRT was used by the people according to the level of dependency
following the doses indicated by the manufacturer (Table 1). All participants were cited once
a week to register the consumption pattern and know if they were having severe
withdrawal symptoms and giving them, if necessary, more cartridges for the next week.
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Dependence Durati Nicotine gum Inhalator
Level uration 2mg 10 mg
3 weeks 2mg /1-2hr* 1 cartridge / 1 -2 hr **
Severe 3 weeks 2mg / 2-4 hr 1 cartridge / 2-4 hr
2 weeks 2mg / 4-8hr 1 cartridge / 4-8 hr
3 weeks 2mg / 2-4hrs 1 cartridge / 2 - 4 hrs
Low 3 weeks 2mg / 4-8hr 1 cartridge / 4 - 8 hr
2 weeks 2mg / 4-8 hr 1 cartridge / 4- 8 hr

* No more than 10 gums /day
** No more than 12 cartridges/day

Table 1. Doses for nicotine gum and inhalator

Nicotine Gum (2 mg)

The dose regimen of nicotine gum was according to the dependence level indicated by the
manufacturer (Table 1). All participants were cited once a week to register the consumption
pattern and know if you were having severe withdrawal symptoms and giving them, if
necessary, more gum for the next week.

5.3 Results

The results showed in Figure 1, include all 71 participants (mean age = 43.5) assigned to one
of each experimental conditions and with the initial evaluation; only 47 participants with 6
month follow up finished the treatment.

People to each of Nicotine Nicotine Brief Brief intervention Brief intervention
theeXP?”me"ta' —»| inhaler gum intervention and nicotine and nicotine gum
conditions (A) n=12 n=13 n=17 inhaler n=15
n=14
People who left
thetreatment (8) A =4 n=7 n=4 n=4 n=5
People who
completed the ——p) n=8 n=6 n=13 n=10 n=10
treatment (C)
Peoplewho
stopped smoking > = = = = =
at the end of the n=8 n=6 n=13 n=10 n=6
treatment (D)
Peoplein n=8 n=6 = =10 n=6
n=13 n
abstinenoeattheG/

month follow up
(E)

Six month follow up
n=47

Fig. 1. Number of people in each experimental condition (A); number of persons who left
the treatment (B); people who completed the treatment (C); people who stopped smoking at
the end of the treatment (D) and people at six-month follow up (E).
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In concordance analysis of results of smokers that finish the treatment, comprise:
Initial evaluation

Only the data of participants that finish the treatment and the 6 month follow up were
included. Descriptive analysis of demographic variables contained in the initial interview
and the corresponding tests were conducted to find out if the variables were homogeneous
among groups.

Independent ANOVAS were carried for each variable, age, onset of consumption, number of
years of regular smoking, as well as previous attempts to quit smoking. Significant statistically
differences were detected for age variable (Fs, 6=2.55, p=0.048); post hoc test did not detect
significant differences; a Kruskal Wallis detected significant differences for the academic level
(H (4) = 3. 806, p < 0.001) in the inhaler group compared with the other groups.

Consumption Pattern

A second data obtained were abstinence rates (percentage of smokers that completed a
specific treatment and self-declared smoking cessation) obtained at the end of each
treatment and at six month follow up. Figure 2 shows that at the end of the treatment, the
abstinence rates were higher for the BMIS plus the nicotine inhaler (30%, 40%). At the 6
month follow up a similar picture occurred, followed by BMIS (23% and 38.4 %), nicotine
gum group (16.6% and 16.6%), BMIS plus nicotine gum (10% and 20%) and nicotine inhaler
(0% and 25%).
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5 -

Experimental Condition Follow up

Fig. 2. Abstinence rates obtained in each of the experimental condition at the end of the
treatment and 6-month follow up.

A repeated ANOVA (5 x 3; experimental condition x phase of treatment) detected significant
differences (F [2.68] = 47. 429, p < 0.001) in consumption pattern for phase of treatment
(Figure 3); however, no difference were found for the experimental condition (F [4.34] = 58.
78, p > 0.05). No differences were observed for the interaction experimental condition x
phase of treatment (F [6.003, 51.024] = 2. 105, p > 0.05); for this parameter degrees of freedom
correction was applied because the data violated the sphericity assumptions. Significant
differences on consumption pattern were detected in between baseline, and treatment (p <
0.001) and with regard to the follow up (p < 0.001), but no significant differences between
treatment and follow up (p > 0.05).
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Fig. 3. Shows the mean of consumption pattern of each of the experimental groups (NI =
nicotine inhaler, NG = nicotine gum; BMIS = brief intervention, BMIS + NI= brief
intervention plus inhaler, and BMIS + NG = brief intervention and nicotine gum) in
baseline, treatment and 6 month follow up (n = 47).

Relationship between the observed variables, and the change in consumption pattern

To assess whether there was any relationship between the changes in consumption pattern,
a regression analysis was conducted to see if there was a linear relationship between the
change in consumption pattern during the treatment and follow up with regard to the
variables. The variables proposed as predictors of change are demographic variables (e.g.
sex, age, marital status, etc.), variables related to the initial pattern of consumption, level
dependence and group to which he belonged during the study; psychological state related
variables as depression and anxiety, and variables of readiness to change in recognition,
ambivalence and taking steps.

Change in consumption pattern of during the treatment

This variable was calculated as the mean difference between the initial consumption
pattern and during the treatment, regression model points out that the involved variables
explain a 59.7% (R 2 corrected =. 597, Se = 5.14) variability in the pattern of consumption
during the treatment, which is not a broad but quite acceptable percentage. In Table 2 the
standardized partial regression coefficients, the probability that these coefficients were
observed in the population and the coefficients confidence interval (95%) are presented.
As we know, the standardized regression coefficients indicate the amount of change, in
typical scores that will occur in the dependent variable for each change unit in the
corresponding independent variable (keeping constant the rest of independent variables).
Variables with more weight are more important as predictors of consumption pattern
change. In order of importance the variables are: 1) initial consumption pattern ( =. 908),
that is, when people had a high initial consumption, declined more his pattern of
consumption; 2) level of depression ( =-.884), the sign of the coefficient indicates that
when the level of depression was higher in initial evaluation, the change in the pattern of
consumption was lower; (3) with respect to the level of readiness to change in recognition
(B = 0. 542) when the initial evaluation was high, people decreased more their
consumption pattern. The level of anxiety (B = 0. 276), the level of readiness to change in
ambivalence (B = 0. 184), and the level of dependency (B = 0. 131) are similar but in much
smaller proportion. It is important to mention that belonging to the experimental
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condition variable was not significant to predict the improvement in consumption
pattern, nor readiness to change in taking before treatment.

No standardized Standardized 95% Confidence
Model Coefficients Coefficients t Sig. interval for B
Std. Std.
B Beta B
Error. Error
(Constant) 117381 5.620 3.093 0004 -28874 -5.887
Experimental 0325  0.654 0.053 0497 0062 -1.012 1.661
condition
Dependence level 1219 1.309 0.131 0931 0004 -1459 3.89
Initial consumption ) 01 ) 157 0.908 6428 0000 0557 1.077
pattern
Initial Anxiety 0186  0.083 0.276 0223 0001 -0152 0.189
Initial Depression 20656 0.098 0.884 20670 0005 -0266 0.135
Readiness to change ) 5\ 4 14, 0.542 0480 0006 -1.775 2.865
in initial recognition
Readiness tochange ) oo 156 0.184 1.674 0001 -0418 4.189
in initial ambivalence
Readiness to change ) (074 0, 0.697 0628 0535 -1549 2924

in initial taking steps

Table 2. Regression coefficients (no standardized and standardized, significance levels, and
confidence intervals), dependent variable is change of consumption during treatment.

Change of consumption pattern in follow up

This variable was calculated as the difference between the means of initial consumption
pattern and the consumption in the follow up, regression model points out that the involved
variables explain a 39.9% (R ™ 2 corrected =. 399, = 5.66) of the variability in consumption
pattern during the treatment. This means, a missing of prediction with proposed variables
between the treatments and the follow up, although the proportion explained by proposed
variables is still appropriate, additionally the weight of independent variables differed from
the previous analysis. Table 3 shows the standardized and no standardized regression and
error estimation, the confidence interval and significance levels. The significant coefficients
with more weight are: 1) initial consumption pattern (f = 0. 769), 2) level of readiness to
change in taking steps before treatment (p=0,290), 3) level of readiness to change in
ambivalence before treatment (f = 0, 229), 4) initial level of depression (3 = 0, 220), 5) level of
dependence (B = 0, 052), and 6) level of readiness to change in recognition before to
treatment (B = 0, 038), the coefficients in this analysis are much smaller than previously.
Both analyses met the assumptions of regression, both in independence as in the non-
collinearity among the variables involved in the analysis.

Changes in anxiety, depression, and readiness to change by experimental condition
- Anxiety scores

The analysis of anxiety was carried out with global scores; however, the descriptive statistics
was done account for each assessment period. Analysis of variance shows that there are
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Coefficients(a)
No .
Standardized Séi)tfigz?elitej
Coefficients
B Std. Beta
Error
(Constant) -12,191 6,184
Initial consumption 0,624 0,140 0,769
pattern

Readiness to change in
initial taking steps
Readiness to change in
initial ambivalence

2,398 1,159 0,290

2,112 1,240 0,229

Initial depression -0,147 0,108 -0,220
Group 0,402 0,719 0,073
Dependence level 0,435 1,441 0,052

Readiness to change in
initial recognition
Readiness to changein o763 1203 0,030
initial taking steps

Initial Anxiety 0,007 0,092 0,012

0,342 1,248 0,038

-1,97
4,457

2,069

1,704

-1,36
0,559
0,302

0,274

0,219
0,078

Sig.

0,058
0,000

0,048

0,010

0,018
0,058
0,008

0,008

0,828
0,094

95% Confidence
interval for B

Std.
B Error
-24,838 0,457

0,337 0,910
0,028 4,768

-0423 4,647

-0,368 0,073
-1,069 1,873
-2,511 3,382

-2,211 2,895

-2,198 2,724
-0,181 0,195

Table 3. Regression coefficients (no standardized and standardized, significance levels, and
confidence intervals), dependent variable is change of consumption during follow up.
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Fig. 4. Shows the mean of anxiety scores for each experimental condition (NI = nicotine
inhaler, NG = nicotine gum; BMIS = brief intervention, BMIS + NI= brief intervention plus
inhaler, and BMIS + NG = brief intervention and nicotine gum) in baseline, treatment and

6 month follow up.



Motivational Intervention and Nicotine Replacement
Therapies for Smokers: Results of a Randomized Clinical Trial 113

differences dependent on the assessed period (F [2.68] = 13. 54, p < 0.001), the Bonferroni
test post hoc demonstrated that there are differences in the baseline with respect to the
phase of treatment (p < 0.001) and on follow up (p < 0.001). No differences for experimental
condition (F [4.34] = 0. 748, p > 0.05) or for the interaction between experimental condition
and the phase of treatment (baseline, treatment and follow up) ([5.37, 45.66] F = 24. 85, p >
0.05) were detected (Figure 5).

- Depression scores

With the use of an ANOVA again significant differences were found for phase of assessment
(F [2.68] = 12.59, p < 0.001), significant differences were detected in initial depression scores
and phase of treatment (p < 0.05) and in the follow up (p < 0.05); but not between the phase
of treatment with regard to the follow up. No difference for experimental conditions (F
[4.34] = 0. 74, p > 0.05), and for the interaction of both factors ([6.06, 51.54] F = 0. 888, p >
0.05) (Figure 5).

‘ Moderate

Mild

Minimal

Fig. 5. Shows the mean of anxiety scores for each experimental condition (NI = nicotine
inhaler, NG = nicotine gum; BMIS = brief intervention, BMIS + NI= brief intervention plus
inhaler, and BMIS + NG = brief intervention and nicotine gum) in baseline, treatment and
6 month follow up.

Stages of Change Readiness and Treatment Eagerness Scale (SOCRATES 8D)
a. Readiness to change in recognition

According to Prochaska and DiCemente (1983) readiness to change in recognition refers to
people who directly acknowledge that have problems related to the consumption of
cigarettes, these people have a tendency to express a desire for change and perceive that the
damage will continue if they do not do any changes. Analysis of variance did not detect
significant differences for experimental condition (F [4.34] = 2.19, p > 0.05), changes in the
level of readiness to change depending dependent on phase of evaluation ([1.68, 7.29] F =
1,196, p > 0.05), or for the interaction between the two factors.
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Fig. 6. Shows the mean of stages of change readiness and treatment eagerness scale scores
for recognition in each experimental condition (NI = nicotine inhaler, NG = nicotine gum;
BMIS = brief intervention, BMIS + NI= brief intervention plus inhaler, and BMIS + NG =
brief intervention and nicotine gum) in baseline, treatment and 6 month follow up.

b. Readiness to change in ambivalence

The ambivalence factor of readiness to change, according to the stages of change proposed
by Prochaska and DiClemente (1983) refers to the person that is at a point in which knows
that smoking can bring adverse consequences on their health, economy and social but find
advantages for smoke. The analysis of variance showed differences for ambivalence relying
on the time of evaluation, at the beginning, the the end of the treatment or follow up ([2.68]
F = 6. 36 p < 0.05); Bonferroni test was used to identify the differences in pairs of variables
(Figure 7), differences were found between the baseline and the treatment (p < 0.05) as well
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Fig. 7. Shows the mean of stages of change readiness scores for ambivalence factor in each
experimental condition (NI = nicotine inhaler, NG = nicotine gum; BMIS = brief



Motivational Intervention and Nicotine Replacement
Therapies for Smokers: Results of a Randomized Clinical Trial 115

intervention, BMIS + NI= brief intervention plus inhaler, and BMIS + NG = brief
intervention and nicotine gum) in baseline, treatment and 6 month follow up.

as between the baseline and the follow up (p < 0.05), but there no differences between
treatment and follow up; no differences were obtained for experimental condition (F [4.34]
=.37.5, p > 0.05), or fo the interaction between variables (F [5.66,48.13] = 1.07, p > 0.05).

c¢. Readiness to change in taking steps

Analysis of variance for the level of readiness to change in action showed that there are
significant differences for the moment in which the instrument was applied (F [2.68] = 8.36,
p < 0.001), Bonferroni test detected differences between the baseline with regard to
treatment (p < 0.05) and six months follow up (p < 0.05), but not between the treatment and
the the follow (Figure 8). No differences were found for groups (F [4,348] = 0.765, p > 0.05),
or due to the interaction between variables (F [5.95,50.59] = 0.23, p > 0.05).
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Fig. 8. Shows the mean of stages of change readiness scores for action factor in each
experimental condition (NI = nicotine inhaler, NG = nicotine gum; BMIS = brief
intervention, BMIS + NI= brief intervention plus inhaler, and BMIS + NG = brief
intervention and nicotine gum) in baseline, treatment and 6 month follow up.

One of the specific purposes of the present investigation was to know if there was any
relationship between the changes in the pattern of consumption during the treatment and
follow up with regard to the observed variables (demographic, initial pattern of
consumption, level dependence, group to which it belonged, depression, anxiety and
willingness to change in recognition, ambivalence and action). The results obtained from
regression analysis showed that no sociodemographic variable (age, sex, marital status) was
predictive for reducing tobacco use. However, from a regression analysis, it was noted that
the pattern of initial consumption, depression and anxiety as well as the readiness to change
in recognition were good predictors to modify the consumption pattern but not to maintain
it in the follow up, since their predictive power was lost. Variable with greater weight to
change consumption from the baseline to treatment was the initial consumption pattern, i.e.
when people had an initial high consumption, after treatment more decreased their
consumption pattern.
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5.4 Conclusions

Present study assessed the effectiveness of BMIS alone or combined with NRT in the
consumption patterns of people who want to quit smoking. The results showed that
abstinence rates (Hughes et al., 2003) for inhaler experimental condition combined with
BMIS, was much higher at the end of the treatment and at 6 month follow up, followed by
the BMIS experimental condition. This is consistent with a previous finding where BMIS has
proven to be effective because the people learn a set of skills that allows addressing the
specific factors that trigger the consumption of cigarettes (Lira-Mandujano et al., 2009). In
the case of the inhaler, different studies have shown its effectiveness to relieve withdrawal
symptoms because the absorption of nicotine depends on the administration route
(Schneider et al., 2001). In other words, considering only abstinence rates, the hypothesis
that increase abstinence rates when combined therapies (NRT and BMIS) are employed, can
be accepted.

Clinical trials of last ten years combining NRT with a psychological intervention, show that
nicotine patches in combination with a psychological intervention induce higher abstinence
rates than the nicotine patch alone (Macleod et al., 2003) and when compared with a placebo
group (Richmond et al., 1997). In present study significant differences were not observed
between nicotine gum and inhalator in present study, results consistent with last Cochrane
review that concludes that all NRT are equally effective and are better than no treatment
(Stead et al., 2011).

The effectiveness of the BMIS observed in present study is similar to the reviews indicating
the effectiveness of psychological interventions (Becofia, 2004). For all these reasons, the
BMIS showed that is equally effective as the NRT. Then present study validates the
technique previously used empirically and support the idea that the integrative model is
useful for clinical and public health studies.

The brief motivational intervention for smokers initiate by obtaining baseline data related to
the history of consumption, factors associated with the consumption of tobacco (depression,
anxiety, and willingness to change consumption patterns). Subsequently, the results of such
data are provided in order to give a personalized feedback that allows undertaking a
decisional balance and thus choosing the technique that the user wants for abstinence. From
the delivery of results and choice of technique to achieve abstinence, the user must register
their daily consumption and withdrawal symptoms. Then, in the four treatment sessions,
where the therapist applies motivational interviewing strategies (express empathy, show
reflective listening, support and promote a sense of self-efficacy, develops discrepancy,
avoid discussions and arguing) will work the following aspects:

1. Identify the three main triggers of the consumption of cigarettes (situations, states of
mood, places, and people), the positive and negative consequences of the consumption
of the user from a functional analysis of behavior.

2. With the three main triggers of the consumption, the user set up three strategies to
implement them and to reach the abstinence. With the support of the therapist a viable
and feasible strategy is selected to cope with the triggers.

3. The user develops an action plan that includes a specific description of how the strategy
chosen is going to be applied prior to the trigger.
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4. Later, the user must apply the action plan to evaluate the proposed strategies and in
this form to apply them to other triggers or to change them to identify the strategies
that turn out to be effective to stop smoking.

In the last session of treatment, information related to the consumption of tobacco is
obtained to compare with the data obtained initially and a graph is presented where the
daily consumption pattern from the baseline and during the treatment sessions to evaluate
the advances reached at the end of the intervention and a follow up session is settled. In the
session of follow up new information is obtained again with respect the application of
strategies to new triggers, to the development of new strategies and for the identification of
strategies that already were ineffective, and for the maintenance of the abstinence, for the
lapses and relapses.

The analysis of present results suggests that is necessary to include new instruments in the
BMIS. The factors inducing the smokers to quit the treatments, like the side effects (e. g.
headache, dizziness, nervous, etc.) and the presence of withdrawal symptoms like
irritability, anxiety, depression, etc. (Kenford et al., 2002) to different populations, need to be
assessed. The literature only identifies seven scales in which the person registers the
withdrawal symptoms: 1) Cigarette Withdrawal Scale (Etter, 2005), 2) Mood & Physical
Symptoms Scale (West & Hajek, 2004), 3) Profile of Mood States Manual (McNair, Lorr &
Droppelman, 1992), 4) Shiffman Jarvik Withdrawal Scale (Shiffman & Jarvik, 1976), 5) Smoker
Complaints Scale (Schneider & Jarvik, 1984), 6) Wisconsin Smoking Withdrawal Scale (Welsch,
Smith, Wetter, Jorenby, Fiore & Baker, 1999) and 7) Scale to use on a hand-held computer
(Shiffman, Paty, Gnys, Kassel & Hickcox, 1996).

It is important to develop and instrument equivalent to the Drug Taking Confidence
Questionnaire (DTCQ; Annis, Sklar & Turner, 1997) focused on the consumption of
tobacco in the Mexican population. One of the components in the relapse prevention
model is to identify risk situations and according to this to implement a personalized
intervention to prevent relapse that allow maintaining long-term abstinence. That is, this
kind of instrument may be included in the package of instruments of the initial
component of the BMIS.

Another aspect to assess is the cost effectiveness of the BMIS and the NRT. It has been
reported that psychological interventions are more expensive for the training cost and
requires much time (Hall et al., 2005). Hall et al. (2005) showed that the psychological
intervention was more cost-effective than the nortriptyline, bupropion, but the differences
were not statistically significant. However in the case of BMIS, capacitating the personnel is
inexpensive and the number of sessions require just 8 sessions. Therefore is important to
perform a cost effectiveness analysis of BMIS in order to know which has better cost
effectiveness between BMIS and pharmacological treatments. In a preliminary analysis
considering only the cost of NRT for 8 weeks, and the material used, the BMIS showed a
better cost-effectiveness ratio. It will be important to evaluate the cost effectiveness for new
compounds like varenicline (Jorenby et al., 2006; Tonstad et al., 2006), in combination with
behavioral interventions.

And finally, an aspect not analyzed but that would be necessary to include are the
measurement of biological markers (carbon monoxide in expired air, cotinine concentration



118 Respiratory Diseases

in urine or plasma). This will increase the motivation respect of initial consumption, during
and after the intervention and also will help to verify the pattern of consumption reported
by the users (Benowitz et al., 2002).

A limitation of present study is the difference in the number of participants in each group at
the end of the study, because two factors were not considered. The first factor was the use of
a simple random assignment for allocate the participants. The second one was the number
of people that abandoned the study. Based on the results obtained in present study, in
future clinical trials it would be essential to pay attention in the method of randomization
and as a consequence in the number of people assigned to each condition for of a clinical
trial.

Lazcano Ponce et al. (2004) proposed the method of randomization of balanced blocks. In his
method a series of blocks are assembled, consisting of a certain number of cells, which
include the different types of treatment. The number of blocks is determined by the number
of participants to be included in the study and the number of cells decided to be included in
each block. "Each block will contain in each cell of treatment alternatives and within each
block must be a balanced number of possible treatments" (p.569).

In present study data obtained in the initial assessment were used to match groups with
regard to the level of dependency to nicotine, age, sex, previous attempts to quit smoking,
the use of any NRT, so the groups were homogeneous in regard of these variables. An
alternative is identified through the systematic or narrative literature review, in consultation
with experts or of the same experience, those factors or variables that at any given time
could modify the impact of the treatment on the outcome variable; depending on the
feasibility of the size of the sample decide how many layers set up as a priori the allocation
of the maneuver (Lazcano-Ponce et al., 2004) and to use the method of stratified
randomization, which guarantees treatment balance on these known predictive variables,
allowing easy interpretation of outcomes without adjustment.

Finally, an essential methodological aspect regarding the measure of abstinence is to explain
the results in terms of: 1) prolonged abstinence (continuous abstinence after an initial grace
period or the period of continuous abstinence in two follow ups) as a main measure; (2) the
use of the term continuous abstinence only to refer to the prolonged abstinence without
grace period; (3) not to use the term of sustained abstinence; (4) include the use of tobacco
products other than cigarettes in the definition of failure; (5) do not include the use of
nicotine (e.g. the use of NRT) in the definitions of failure and 6) present the results of the
analysis of the history of survival (Hughes et al., 2003).

The variable group or experimental condition in relation to the treatment used to quit
smoking, was not a good predictor, perhaps by the sample size or because it is interacting
with all the other variables and this interaction interacting blur its action. The group
CONSORT (Consolidated standards of reporting trials) indicates that would be important to
address in the clinical trial the size of the sample, randomization, statistical methods,
instrumentation, flow of participants, recruiting and reporting of results (Moher, Schulz &
Altman, 2001).

Depression was found to be a predictive variable of change in consumption pattern during
treatment, when the level of depression was higher in the initial assessment, the change in



Motivational Intervention and Nicotine Replacement
Therapies for Smokers: Results of a Randomized Clinical Trial 119

the pattern of consumption was lower. In other words, there is a relationship between the
presence of increased symptoms of depression and more difficult to reduce consumption or
smoking cessation (Brody, Hamer & Haaga, 2005; Paperwalla, Levin, Weiner & Saravay,
2004; Vazquez, Becofia & Miguez, 2002). Vazquez and Becofia (1999) previously reported
that subjects who continued smoking in 12 month follow up presented depressive
symptoms in the initial assessment with the Beck Depression Inventory. In addition,
Kinnunen et al. (1996) conducted a research with the idea of examine if smokers with high
symptoms of depression were less likely to succeed in the treatment to quit smoking than
smokers with minor symptoms of depression. The results showed that depressive
symptoms were an obstacle to the success of abstinence from smoking.

Theoretically, this is in agreement with the assumption that smoking cessation induces
depressive symptoms, since smoking modulates negative affection. People with depressive
symptoms are more likely to smoke (this happens more often in women) and when smokers
with depressive symptoms are trying to quit smoking have higher probability of not
maintaining abstinence (Moreno-Coutifio & Medina- Mora, 2008). For this reason in present
study, people with medical diagnosis of major depression where not included, however,
some participants showed severe depression according to the BDI. Nevertheless in some
cases they stopped smoking or decreased their consumption, therefore in forthcoming
studies would be necessary to measure the depression during treatment and obtain
abstinence data for more than six months.

A second particular aim of this study was to compare the level of anxiety, depression, and
the readiness to change in the application of NRT and the brief intervention alone and
combined. The results showed that there were no significant differences among treatments
in these variables; only significant differences were detected for phases (baseline, treatment
and follow up). Specifically in depression and anxiety significant differences were found
between baseline and treatment and between baseline and follow up; in readiness for
change in ambivalence existed changes from baseline to treatment and baseline and follow
up, and readiness for taking steps action between baseline and treatment. Not any treatment
resulted in a significant reduction in depression and anxiety. These results confirm that NRT
do not lessen the symptoms of depression and anxiety by which have been used
antidepressants and anxiolytics for smoking cessation (Hughes, Stead & Lancaster, 2005a;
Hughes, Lancaster & Stead, 2005b; Hughes, Stead, Lancaster, 2008a; Hughes, Stead,
Lancaster, 2008b).

Different reports show that there is a strong association between a history of depression and
anxiety, and difficulty to smoke cessation (Becofia, 2003; Scheitrum & Akillas, 2002).
Goldstein (2003) explains that for people with depression and anxiety antecedents that want
to quit smoking and decide to use some NRT, it would be important to use an
antidepressant or anxiolytic during the attempt to quit smoking, and for those who despite
this combination fail in their attempt to quit would be advisable to combine bupropion with
NRT or bupropion with other antidepressant; however, should be assessed its effectiveness
(Hughes et al., 2005b; Hughes et al., 2008b).

In present study, the BAI was used to assess anxiety, however, would be important to use
the instrument "Anxiety, trait and State" (Spielberger et al., 1998 in, Becoiia, 2003) to know if
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the people who want to quit smoking and present anxiety trait or state have higher rates of
abstinence when they employ a NRT, when they attend to any psychological therapy or
when treatments are combined. In addition it is important to investigate whether the anxiety
trait or state is a predictor of treatment abandonment or relapse in the follow up. People
who stopped using nicotine gum reported that the taste was unpleasant, that they did not
feel better and that they continued with craving so they were not interested in continue
using it; a possible explanation could be that 2 mg nicotine gum did not decrease
withdrawal symptoms, perhaps with the use of nicotine gum of 4 mg effectiveness could
increase.

Taken together, the results of this clinical trial including the BMIS and NRT show that the
effectiveness for this program did not differ of the effectiveness of NRT, implying that it is
just as effective to stop smoking with nicotine gum and nicotine inhaler. Present study is one
of the first trials evaluating the effectiveness of the combination inhaler with a psychological
intervention.
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1. Introduction

Airborne contaminants occur in the gaseous form (gases and vapours) or as aerosols.
Aerosols may exist in the form of airborne dusts, sprays, mists, smokes and fumes. In the
occupational setting, all these forms may be important because they relate to a wide range of
occupational diseases. Airborne dusts are of particular concern because they are well known
to be associated with classical widespread occupational lung diseases such as the
pneumoconiosis, chronic obstructive pulmonary disease, occupational asthma, etc.
Occupational exposure to dust particles occurs everywhere but is especially prevalent in
low- and middle-income countries. Table 1 shows some examples of the types of dust found
in the work environment.

TYPE OF DUST EXAMPLES \
mineral dusts free crystalline silica, coal and cement dusts
metallic dusts lead, cadmium, nickel, and beryllium dusts
other chemical dusts many bulk chemicals and pesticides
organic and vegetable dusts flour, wood, cotton and tea dusts, pollen
biohazards viable particles, moulds and spores

Table 1. Common types of dust in the work envrionment

2. Commonest type of occupation dust particles
2.1 Silica

Silica, also known as silicon dioxide (SiOy), is formed from silicon and oxygen atoms. It has
a melting point of 1,600°C and is a colorless, odorless, and noncombustible solid. Since
oxygen and silicon make up about 75% of the Earth, the compound silica is quite common in
surrounding environment!. Silicates comprise about 25% of known minerals, nearly 40% of
the common minerals, and well over 90% of the earth’s crust[1]. It is found in many rocks,
such as marble, sandstone, flint and slate, and in some metallic ores. Silica can also be in soil,
mortar, plaster, and shingles.

Silica occurs in three forms: crystalline, microcrystalline (or cryptocrystalline) and
amorphous (non-crystalline). "Free" silica is composed of pure silicon dioxide, not combined
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with other elements, whereas silicates (e.g. talc, asbestos, and mica) are SiO, combined with
an appreciable portion of cations. Crystalline silica exists in seven different forms
(polymorphs), depending upon the temperature of formation. The main 3 polymorphs are
quartz, cristobalite, and tridymite. Quartz is subdivided into alpha and beta forms. In
nature, most quartz is alpha-quartz and alpha-quartz comprises the bulk of crystalline silica.
Quartz is the second most common mineral in the world. Amorphous forms of silica, such
as opal, diatomaceous earth, silica-rich fiberglass, fume silica, mineral wool, and silica glass
(vitreous silica), are generally considered as less harmful[2].

Occupational exposure to crystalline silica can occur in any workplace situation where
airborne dust, containing a proportion of crystalline silica, is generated. Industries where
crystalline silica is present include quarrying, mining, mineral processing (eg drying,
grinding, bagging and handling), slate working, stone crushing and dressing, foundry work,
brick and tile making, some refractory processes, construction work, including work with
stone, concrete, brick and some insulation boards, tunnelling, building restoration and in the
pottery and ceramic industries. Figure 1 shows some of the job processes that generate and
disperse large quantities of respirable silica dusts into the air. Silica dust is an inhalation
hazard. Workers may be at risk of silicosis from exposure to silica dust when high-velocity
impact shatters the sand into smaller, respirable (< 0.5 to 5.0 pm in diameter) dust particles.
From recent reports, more than 23 million workers are exposed to crystalline silica in China

Fig. 1. Job processes that generate and disperse respirable silica dusts into the air
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and more than 10 million in India, as well as over 3 million workers in Europe and at 1.7
million in the United States[3].

2.2 Asbestos

Asbestos is a set of six naturally occurring silicate minerals exploited commercially which
possess high tensile strength, flexibility, resistance to chemical and thermal degradation,
and electrical resistance. Six minerals are defined by the United States Environmental
Protection Agency as "asbestos" including those belonging to the serpentine class chrysotile
and those belonging to the amphibole class amosite, crocidolite, tremolite, anthophyllite and
actinolite[4]. They have different physical and chemical properties but share a fibrous form.
Mineralogists have taken a particle with a length-to-breadth ratio (aspect ratio) of 10:1 or
more to be a fibre. In milled asbestos most of the particles have aspect ratios that range from
5:1 to 20:1 or more and, in the case of chrysotile , mostly greater than 50:1. In medical and
environmental literature a regulated fibre has been defined as a mineral particle with a
length which is at least three times greater than its diameter, of length greater than 5
micrometers and diameters less than 3 micrometres. There are essentially two major
varieties of asbestos viz. serpentine and amphibole. Table 2 shows the species and
varieties[5].

SPECIES \ VARIETY \
Chrysotile Serpentine
Anthophyllite Amphibole
Amosite Amphibole
Actinolite Amphibole
Tremolite Ampbhibole
Crocidolite Amphibole

Table 2. Asbestos

Asbestos is used for insulation in buildings and as ingredient in a number of products, such
as roofing shingles, water supply lines, fire blankets, plastic fillers, and medical packing, as
well as clutches and brake linings, gaskets and pads for automobiles. Table 3 illustrates
certain kinds of work involve high exposure to asbestos. All forms of asbestos are

work involve high exposure to asbestos

asbestos mining and milling manufacture of asbestos tiles
building demolition manufacture of asbestos fabrics
manufacture of brake linings drywall installation
shipbuilding trades drywall removal
insulation work in construction other asbestos removal
plasterers firefighting
pipe fitters asbestos tile setters
railroad workers aluminum plant workers

Table 3. Certain kinds of work involve high exposure to asbestos
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carcinogenic to humans, and may cause mesothelioma and cancer of the lung, larynx and
ovary. Asbestos exposure is also responsible for other diseases, such as asbestosis (fibrosis of
the lungs), pleural plaques, thickening and effusions.

Currently, about 125 million people in the world are exposed to asbestos at the workplace.
According to the most recent WHO estimates, more than 107 000 people die each year from
asbestos-related lung cancer, mesothelioma and asbestosis resulting from exposure at work.
One in every three deaths from occupational cancer is estimated to be caused by asbestos. In
addition, it is estimated that several thousand deaths annually can be attributed to exposure
to asbestos in the home[6].

2.3 Coal mine dust

Coal is a valuable and plentiful natural global resource. It is found throughout the world.
Coal is classified into four main types or ranks (anthracite, bituminous, subbituminous, and
lignite), depending on the amounts and types of carbon it contains and on the amount of
heat energy it can produce. Coal is mined by two methods: surface mining and
underground mining. The choice of mining method is largely determined by the geology of
the coal deposit. Underground mining currently accounts for a bigger share of world coal
production than opencast. Coal mine dust is a mixture that contains more than 50
substances. The mineral content depends on the particle size of the dust and the coal seam.
The most commonly found minerals in coal mine dust include kaolinite, illite, calcite, pyrite
and quartz (silica). Dust from high rank coals usually contains more silica particles than
dust of lower rank coals. Most workplace exposure to coal dust occurs during mining;
however exposure can also occur during handling of the mined product during cleaning
and blending processes or bulk handling at large coal fired facilities[7].

3. Main respiratory diseases related to occupational dust particles
3.1 Pneumoconiosis

Pneumoconiosis is an occupational lung disease and a restrictive lung disease
caused by the inhalation of dust. A longer, factitious term is
pneumonoultramicroscopicsilicovolcanoconiosis. Depending upon the type of dust, the
disease is given different names:

=

Coal worker” pneumoconiosis(CWP): caused by inhaling coal dust;

Asbestosis: caused by inhaling asbestos;

Berylliosis: caused by inhaling beryllium;

Kaolin pneumoconiosis: caused by inhaling china clay;

Siderosis: caused by inhaling iron oxide;

Silicosis: caused by inhaling silica dust;

Metallic pneumoconiosis: caused by inhaling barium, cobalt, tin, tungsten dust;

Talc pneumoconiosis: caused by inhaling talc dust;

Popcorn pneumoconiosis: caused by inhaling fumes produced when manufacturing
microwave popcorn

O 0N PN

Some more types of pneumoconiosis include graphite pneumoconiosis, carbon black
pneumoconiosis, talc pneumoconiosis, cement pneumoconiosis, mica pneumoconiosis,
aluminosis, electric welder pneumoconiosis, foundry worker's pneumoconiosis.
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3.2 Silicosis

Silicosis is a form of pneumoconiosis caused by inhalation of crystalline silica dust, and is
marked by inflammation and scarring in forms of nodular lesions in the upper lobes of the
lungs[6] (Figure 2).

Fig. 2. Silicosis showing as nodular mass on a chest x-ray

Silicosis is the commonest occupational lung disease worldwide. It occurs everywhere but is
especially prevalent in low- and middle-income countries. China is the country with the
largest number of silicosis patients, with more than 500,000 cases in records from 1949 to
2010. During 1991 to 2010, more than 6,000 new cases and more than 24,000 deaths occurred
annually. The problem is particularly acute in small-scale mines in China[3]. High risk of
silicosis also reported in other countries. The proportions of gold miners with silicosis
increased from 0.03 to 0.32 for black miners and from 0.18 to 0.22 for white miners in a 33-
year period in South Africa. Among ornamental stone carvers in Brazil, the prevalence of
disease remains over 50 percent. Although U.S. silicosis mortality declined between 1968
and 2002, silicosis deaths and new cases continue to occur, even in young workers[6].

The most common form of silicosis (chronic) will often develop between 15 to 45 years after
first exposure, but certain rare forms of the disease can occur after a single heavy dose or
heavy exposures to a very high concentration of silica in a short period of time. Workers
with Silicosis may have following symptoms: Shortness of breath following physical
exertion, severe and chronic cough, fatigue, loss of appetite, chest pains and fevers.

Silicosis is generally divided into three types as below:

1. Acute Silicosis: Occurs after heavy exposure to high concentrations of silica. The
symptoms can develop within a few weeks or as long as 5 years after the exposure.

2. Chronic Silicosis: Occurs after long term exposure (over 10 years) of low concentrations
of silica dust. This is most common form of the disease, and is often undetected for
many years because a chest X-Ray often will not reveal the disease for as long as 20
years after exposure. This type of the disease severely hinders the ability of the body to
fight infections because of the damage to the lungs, making the person more susceptible
to other lung illnesses, including tuberculosis.

3. Accelerated Silicosis: Occurs after exposure to high concentrations of silica. The disease
develops within 5 to 10 years after exposure.
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The development of silicosis is associated with content of free silica in the dust, type of silica,
concentration of dust, dispersion, years of exposure, prevention and individual factors. The
cumulative dose of silica (respirable dust concentration x crystalline silica content x exposure
duration) is probably the most important factor for the development of silicosis[8].

Pathology

Pathological varieties of silicosis include simple (nodular) silicosis, progressive massive
fibrosis, silicoproteinosis (acute silicosis) and diffuse interstitial fibrosis.

Alveolar macrophages engulf inhaled free silica particles and enter lymphatics and
interstitial tissue. The macrophages cause release of cytokines (tumor necrosis factor-a, IL-
1), growth factors (tumor growth factor-p), and oxidants, stimulating parenchymal
inflammation, collagen synthesis, and, ultimately, fibrosis.

When the macrophages die, they release the silica into interstitial tissue around the small
bronchioles, causing formation of the pathognomonic silicotic nodule. These nodules
initially contain macrophages, lymphocytes, mast cells, fibroblasts with disorganized
patches of collagen, and scattered birefringent particles that are best seen by polarized light
microscopy. As they mature, the centers of the nodules become dense balls of fibrotic scar
with a classic onion-skin appearance and are surrounded by an outer layer of inflammatory
cells. In low-intensity or short-term exposures, these nodules remain discrete and do not
compromise lung function (simple chronic silicosis). But with higher-intensity or more
prolonged exposures (complicated chronic silicosis), these nodules coalesce and cause
progressive fibrosis and reduction of lung volumes (total lung capacity, ventilatory
capacity) on pulmonary function tests, or they coalesce, sometimes forming large
conglomerate masses (called progressive massive fibrosis).

Silica quartz crystals in lung tissue can be observed under polarised light microscopy.
Figure 3 illustrates a slide under polarised light microscopy of lung tissue containing
crystalline silica quartz. The white spots represent silica crystals in the specimen of lung
tissue. The silica crystals present in the lung tissue are of different size and represent

Fig. 3. Lung tissue observed under polarized light microscopy containing crystalline silica
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therefore a typical picture of silica crystal distribution in lung tissue of a worker exposed to
crystalline silica.

The primary feature that develops in lungs of silica quartz exposed workers is nodule
formation in the upper zones of the lung[9]. Nodule formation is usually the result of many
years of exposure to relatively low levels of dust that contain silica quartz[10]. Figure 4
represents a photo of silicotic nodule. The classical silicotic nodule is usually located in the
area of the respiratory bronchiole.The nodule is composed of reticulin fibres in the
periphery and collagen fibresin the center. Fibroblastic activity is usually evident around the
periphery of the concentric lesion[11].

Fig. 4. A microscopic photo of a typical silicotic nodule containing collage fibres in a
whorled pattern

The airway and blood vessels are frequently destroyed by being entrapped in the fibrotic
nodule. Silica particles are difficult to identify in tissue section by polarized light
microscopy. Therefore, special techniques involving high resoluton microscopy are
required. It appears that the extent of lesion bears little association with amount of silica
present[11].

Diagnosis

The diagnosis of silicosis generally rests upon history of substantial exposure to silica dusts
and compatible radiological features, together with the exclusion of other competing
diagnoses, like miliary tuberculosis, fungal infections, sarcoidosis, idiopathic pulmonary
fibrosis, other interstitial lung diseases, or carcinomotosis.

History: The individual may report a history of exposure to silica dust. Although initially
there may be no symptoms, symptoms may eventually include difficulty breathing,
shortness of breath, a cough (either dry or productive), and/or chest tightness.
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Physical exam: Auscultation (listening to breath sounds through a stethoscope) may reveal
changes in breath sounds that may indicate obstruction in the upper lobes of the lung.
Wheezing only occurs when other conditions such as bronchitis or asthma are present. In
chronic complicated silicosis or subacute silicosis, right-sided heart failure (cor pulmonale)
may be noted. Rales are often heard.

Tests: Lung tissue changes in progressive silicosis are often detected by chest x-ray before
they cause any symptoms. Pulmonary function tests will be used to evaluate lung function
and confirm the presence of lung disorders. These may include spirometry and lung volume
measurement to detect any restriction of normal lung expansion or obstruction of air flow,
peak flow measurement to detect narrowing of the airways, and diffusing capacity to assess
the efficiency of gas absorption into the blood. Arterial blood gases (ABGs) are performed to
assess the efficiency of gas exchange in the lungs by measuring oxygen and carbon dioxide
(CO2) in arterial blood. CT scanning may also be useful for identifying lung nodules. It's
generally accepted that the advent of high-resolution computed tomography (HRCT) has
been the major diagnostic technique which is more sensitive than conventional radiography
in detecting nodular lung parenchymal changes, progressive massive fibrosis, bulla,
emphysema, pleural and hilar changes in silicosis. Qualitative and quantitative parameters
on HRCT may also be used as indirect measures of functional impairment in silicosis.
Therefore, HRCT has been widespread used. Sputum (phlegm) may be cultured to identify
any causative organisms and to rule out tuberculosis.

Treatment

Damage to the lungs from silicosis is irreversible; there is no standard treatment other than
reducing symptoms and treating complications. Lung tissue changes due to silicosis are
often detected by a chest x-ray before they cause any symptoms. If dust exposure is stopped
at this point, further progression of the disease can sometimes be prevented.

The disease is otherwise treated symptomatically. Appropriate drug therapy may be given
to control symptoms; these may include drugs to reduce inflammation (anti-inflammatory),
antibiotics to treat or prevent infections, and drugs to widen the airways in the lungs
(bronchodilators). Sleeping in a semi-upright position may help reduce shortness of breath.
Because smoking can aggravate the symptoms of silicosis and increase the risk of lung
cancer, people with the condition who smoke cigarettes are urged to quit. In severe or
advanced cases, a lung transplant may be required[12].

Prevention

Silicosis are preventable. In 1995, the ILO/WHO Global Program for the Elimination of
Silicosis (GPES) was established by a joint ILO/WHO committee. GPES is encouraging and
supporting countries with silica hazard to establish their national action programs to control
silicosis.

It is recommended to assess the potential of silica exposure before a job begins, especially in
the industries where silicosis cases were reported before[13]. Periodic respirable silica
monitoring should be performed in all industries involving silica exposure. Currently
enforced or suggested permissible exposure limits (PEL) for respirable silica are between
0.025 mg/m3 and 0.35 mg/m3 in different countries [14-16]. The current standards have not
been confirmed by epidemiology studies to be fully protective. For example, the
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quantitative risk assessments by NIOSH predicted excess lifetime risks of 19/1000 for lung
cancer mortality, 54/1000 for lung disease other than cancer and 75/1000 for radiographic
silicosis with exposure at the current US Occupational Safety and Health Authority standard
for respirable cristobalite dust (about 0.05 mg/m3) over 45-year working lifetime[17].

For workers in workplaces with high dust levels, administrative measures can also be used
to reduce exposure to silica dust e.g., by cutting short their working hours or job rotation.
Exposure control at the worker level includes training and education on work practices, and
personal protection. Personal protection equipment such as respirators is a good solution for
short duration tasks. Respirators can be used in combination with engineering controls.
However, they should only be considered as the last resort for routine full shift protection.
They cannot be heavily relied upon because they may not be fully effective in workplaces
with high dust concentrations. NIOSH recommends the use of half-facepiece particulate
respirators with N95 or better filters for exposure to crystalline silica at concentrations less
than or equal to 0.5mg/m?3[18].

Regular medical evaluation may detect adverse health effects among exposed workers
before disease reaches advance stages[13].Medical evaluation commonly includes
respiratory questionnaires, physical examination, chest radiography and spirometry. There
is no universal standard as to how frequent such evaluation should be performed, because
the decision may be influenced by past and current respirable silica concentration, dust
particulate characteristics and economic conditions. The WHO recommends routine
evaluation every 2-5 years, ideally ‘life-long’ for workers exposed to silica dust[19].
American College of Occupational and Environmental Medicine (ACOEM) recommended
evaluation at baseline and after 1 year, then 3-yearly for the first 10 years and 2-yearly
thereafter when silicosis is the major concern and respirable silica levels are below 0.05
mg/m3[20]. Biomarkers of early disease could potentially benefit prevention efforts and
clinical diagnosis. While a number of biomarkers have shown some promising results, none
of them have been validated fully for clinical use so far[21]. The occurrence of a new case of
silicosis is a sentinel health event to prompt a thorough evaluation of silica exposure levels
and control measures in workplace[22]. In addition to reporting new cases, occupational
health doctors or hygienists should periodically analyze health records from all workers in
an industry or plant and assess the effects of prevention activities.

3.3 Chronic obstructive pulmonary diseases

In the past few years a new definition has been presented by Global Initiative on
Obstructive Lung Disease (GOLD) and by a Task Force of the American Thoracic Society
(ATS) and the European Respiratory Society (ERS). Both GOLD and ATS/ERS state that
“COPD is a disease state characterized by airflow limitation that is not fully reversible. The
airflow obstruction is usually both progressive and associated with an abnormal
inflammatory response of the lungs to noxious particles and gas.” The ATS/ERS definition
also state that COPD is both preventable and treatable and that COPD is systemic
disease[23].

Epidemiology

According to WHO estimates, 80 million people have moderate to severe chronic
obstructive pulmonary disease (COPD). More than 3 million people died of COPD in 2005,
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which corresponds to 5% of all deaths globally. In 2002 COPD was the fifth leading cause of
death, and expected to become the third leading cause of death globally by 2030, trailing
only ischemic heart disease and cerebrovascular disease[24].

During 2000--2005, COPD was the underlying cause of death for 718,077 persons overall
aged >25 years in the United States. In 2005, approximately one in 20 deaths in the United
States had COPD as the underlying cause[25]. COPD has a prevalence of 4 to 10 percent in
adults in populations in whom lung function has been measured. The National Health
Interview Survey, an annual survey of approximately 40,000 United States households, has
yielded an estimate of 10 million adults in the United States with a physician-based
diagnosis of COPD. Other estimates, such as that from the Third National Health and
Nutrition Examination Survey (NHANES III), that included spirometry along with
questionnaires and a physical examination, done between 1988 and 1994, have yielded even
more impressive prevalence figures. According to NHANES III, COPD affects 23.6 million
adults in the United States, of whom 2.4 million have severe disease. Thus, approximately 10
percent of the United States adult population might be classified as having COPD, and of
this group about 10 percent have advanced disease[23].

According to data published by the Chinese Ministry of Health, COPD ranks as the fourth
leading cause of death in urban areas and third leading in rural areas [16]. The overall
prevalence of COPD in China was 8.2% (95% Cl, 7.9-8.6) according to GOLD diagnostic
criteria. The crude prevalence of COPD was the highest in Chongqing and lowest in
Shanghai among urban areas and was highest in Guangdong and lowest in Liaoning and
Shangxi among rural areas. The COPD prevalence was significantly higher in rural areas
compared with urban areas[26]. Both crude and age-adjusted COPD mortality rates have
fluctuated but have displayed a decreasing trend from 1990 which is probably because of
improved management of COPD, upgraded technologies, and awareness of the
disease[24].

Risk factors

There are two types of risk factors for COPD: host factor and exposures (table 4).

ENVIRONMENT EXPOSURES HOST FACTORS

Smoking Genetic mutations
Occupational exposures Airway hyperresponsiveness
Air pollution Reduced lung growth

Childhood respiratory infections
Low socioeconomic status

Table 4. Common risk factors for COPD

Cigarette smoking is the major risk factor for COPD. However, relevant information from
the literature published within the last years, either on general population samples or on
workplaces, indicates that about 15% of all cases of COPD is work-related[27]. A 1989 study
of black goldminers showed that the risk of chronic airflow limitation increases with
duration of underground exposure and is an effect that is independent of the presence of
silicosis. A study of white South African gold miners showed that the forced expiratory
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volume in one second (FEV1), and the FEV1/FVC ratio, adjusted for age, height, and
tobacco smoking, decreased with increasing cumulative respirable dust exposure, in both
smokers and non-smokers. The average cumulative dust exposure attributables loss in lung
function[28].

Pathology

COPD includes two main diseases: bronchitis - in which inflammation of the bronchi (tubes
carrying air to and from the lung) both narrows them and causes chronic bronchial
secretions. Chronic bronchitis is defined by the presence of cough and sputum production
on most days for three or more months of the year for two or more consecutive years[29];
and emphysema - a permanent destructive enlargement of the airspaces within the lung
without any accompanying fibrosis of the lung tissue. Asthma may also be included within
the term COPD if there is some degree of chronic airway obstruction.

In COPD, inflammation causes direct destruction of lung tissues and also impairs defense
mechanisms used to repair damaged tissues. This results in not only destruction of the lung
parenchyma, but also mucus hypersecretion, and airway narrowing and fibrosis.

A wide range of inflammatory cells and mediators are involved in the pathogenesis
of COPD, namely neutrophils, macrophages, and CD8+ T cells in different areas of the
lung.

Overall, COPD pathogenesis can be summarized as resulting from a combination of genetic
susceptibility combined with environmental exposures which lead to inflammatory
processes that disrupt the balance of proteases and antiprotease. These abnormal
inflammatory mechanisms result in tissue destruction, airway inflammation and
remodeling, and ultimately airway limitation. These imbalances and the presence of
inflammation may result in a “positive feedback loop,” in which inflammation induces these
imbalances, and the imbalances promote more inflammation. Once the inflammatory
responses are set in motion, three types of damages to the lung occur: disruption of the
alveolar walls, mucus hypersecretion contributing to airway obstruction, and fibrosis of the
bronchioles.To support the inflammation mechanism further, a study shows there is a
stepwise increase in alveolar inflammation has been found in surgical specimens from
patients without COPD versus patients with mild or severe emphysema. As part of the
peripheral airway system, the bronchioles are the major site of airway obstruction in
COPD[30].

Diagnosis

The diagnosis of COPD, classification of its severity, and progression of the disease can be
monitored with spirometry. A test that measures the forced expiratory volume in one
second (FEV1), which is the greatest volume of air that can be breathed out in the first
second of a large breath. Spirometry also measures the forced vital capacity (FVC), which
is the greatest volume of air that can be breathed out in a whole large breath. Normally, at
least 70% of the FVC comes out in the first second (i.e. the FEV1/FVC ratio is >70%). A
ratio less than normal defines the patient as having COPD. More specifically, the
diagnosis of COPD is made when the FEV1/FVC ratio is <70%. The GOLD criteria also
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require that values are after bronchodilator medication has been given to make the
diagnosis, and the NICE criteria also require FEV1%. According to the ERS criteria, it is
FEV1% predicted that defines when a patient has COPD, that is, when FEV1% predicted is
< 88% for men, or < 89% for women[31]. Once airflow obstruction is established, the
severity of the disease is classified by the reduction of FEV 1 compared with a healthy
reference population. Table 5 shows the widely used GOLD classification of COPD
severity based on the FEV1.

CHARACTERISTICS

I Mild COPD FEV, 80% predicted

IT Moderate COPD FEV150% - 79% predicted

III Severe COPD FEV130% -49% predicted

IV Very Severe COPD FEV1 < 30% predicted or < 50% predicted with room air
Pao; < 60 mmHg (8.0KPa)

Table 5. Classification of COPD severity

On chest x-ray, the classic signs of COPD are overexpanded lung, a flattened diaphragm,
increased retrosternal airspace, and bullae[32]. A high-resolution computed tomography
scan of the chest may show the distribution of emphysema throughout the lungs and can
also be useful to exclude other lung diseases.

Treatment

Directions about the management and prevention of work-related diseases [33-35], can be
applied to COPD as well. Physicians should attempt to understand the patient's
occupational exposure and whether he/she has been adequately trained in the dangers of
these exposures and how to manage them. Removal of the respiratory irritants and
substitution of non-toxic agents are the best approach because they eliminate the work-
related COPD hazard. If substitution is not possible, ongoing maintenance of engineering
controls, such as enclosure of the industrial process and improving work area ventilation,
are useful. Administrative controls (e.g., transfer to another job or change in
work practices), and personal protective equipment (e.g., masks or respirators)
should be mentioned, although less effective in decreasing exposures to respiratory tract
irritants.

3.4 Asthma

Occupational asthma is a lung disorder in which substances found in the workplace cause
the airways of the lungs to swell and narrow, leading to attacks of wheezing, shortness of
breath, chest tightness, and coughing.

Causes and prevalence

Though the actual rate of occurrence of occupational asthma is unknown, it is suspected to
cause 2 - 20% of all asthma cases in industrialized nations. In the USA, OA is considered the
most common occupational lung disease[33]. At present, over 400 workplace substances
have been identified as having asthmagenic or allergenic properties. Their existence and
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magnitude vary from region to region and the type of industry and can be as varied as
wood dust (cedar, ebony, etc.), persulfates (Hairsprays), zinc or even seafood like prawns. In
south-eastern Nigeria, a study was done to determine the magnitude of the problem among
woodworkers exposed to high level of wood dust. Five hundred and ninety one
woodworkers were selected using a stratified random sampling. The prevalence of
occupational rhinitis was 78%, while that of asthma was 6.5%. As period of woodwork
increased the prevalence of rhinitis and asthma increased (rhinitis: chi2 trend = 53.015, df =
1, P = 0.000; asthma, chi2 trend = 19.721, df = 1, P = 0.000). It demonstrates that the
prevalence of rhinitis and asthma in woodworkers was high and significantly increased
with years of working as a woodworker[34].

Occupations at risk

The riskiest occupations for asthma are: adhesive handlers (e.g. acrylate), animal handlers
and veterinarians (animal proteins), bakers and millers (cereal grains), carpet makers
(gums), electronics workers (soldering resin), forest workers, carpenters and cabinetmakers
(wood dust), hairdressers (e.g. persulfate), health care workers (latex and chemicals such as
glutaraldehyde), janitors and cleaning staff (e.g. chloramine-T), pharmaceutical workers
(drugs, enzymes), seafood processors, shellac handlers (e.g. amines), solderers and refiners
(metals), spray painters, insulation installers, plastics and foam industry workers (e.g.
diisocyanates), textile workers (dyes) and users of plastics and epoxy resins (e.g.
anhydrides)[35].

Mechanism

Even if the precise causative mechanism of occupational asthma is unknown, several
mechanisms have been proposed, i.e. immunological, pharmacological and genetic
mechanisms, and airway and neurogenic inflammation. More than one mechanism may
be operative in occupational asthma. Whether various mechanisms are involved in
occupational asthma induced by different agents is also unknown. An agent which causes
asthma may be considered as "inducer" (i.e. causing reversible airway bronchoconstriction
associated with long-lasting airway hyperresponsiveness to nonspecific and/or specific
agents) or as "inciter" (i.e. triggering asthma attacks)[36]. Among the mechanisms
proposed in the pathogenesis of occupational asthma, the immunological one plays a key
role[35].

Diagnosis

Diagnosis of OA is a process and has to be done over a period of time. First, the patient’s
occupational and clinical history is taken and his symptoms are charted (Charting is usually
done at the end of a typical work week and within 24 hours of the occurrence of symptoms
in order to get objective information). Once this has been established, the following
diagnostic methods are used:

1. Blood tests to look for antibodies to the substance;

2. Bronchial provocation test (test measuring reaction to the suspected allergen);
3. Chest x-ray;

4. Complete blood count;
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5. Peak expiratory flow rate;
6. Pulmonary function tests.

Treatment

According to the Canadian Centre for Occupational Health and Safety (CCOHS), better
education of workers, management, unions and medical professionals is the key to the
prevention of OA. This will enable them to identify the risk factors and put in place
preventive measures like masks or exposure limits, etc.

Avoiding exposure to the substance which causes you asthma is the best treatment. The best
option is to change your jobs, or using a respiratory device to protect yourselves is an
alternative option.

Anyone diagnosed with Asthma will have to undergo medical treatment. This is
complementary to either removing or reducing the patient’s exposure to the causal
agents.

3.5 Pulmonary tuberculosis

Pulmonary tuberculosis, or TB, is a communicative disease caused by the bacterium
Mycobacterium tuberculosis and, less frequently, M.bovis. Lesions most often occur in the
lungs.

Species of Mycobacterium are characterized by unusual “acid fast” staining properties,
slow growth, relative resistance to chemical disinfectants, and ability to survive for
decades with cells in the infected animal. The few studies of TB as an occupational hazard
suggest that physicians, nurses, medical laboratory workers, and miners are at increased
risk of TB.

The symptoms of active TB of the lung are coughing, sometimes with sputum or blood,
chest pains, weakness, weight loss, fever and night sweats. Tuberculosis is treatable with a
six-month course of antibiotics.

Epidemiology

Roughly a third of the world's population has been infected with M. tuberculosis, and new
infections occur at a rate of one per second. In 2007, an estimated 13.7 million people had
active TB disease, with 9.3 million new cases and 1.8 million deaths; the annual incidence
rate varied from 363 per 100,000 in Africa to 32 per 100,000 in the Americas[37]. In 2007, the
country with the highest estimated incidence rate of TB was Swaziland, with 1200 cases per
100,000 people. India had the largest total incidence, with an estimated 2.0 million new
cases[37]. According to the statistic data released by the Chinese Ministry of Health in July
2011, the recorded cases of pulmonary tuberculosis is 112647 which is the second in the
recorded cases of notifiable disease, and 170 deaths.

However, few studies of TB incidence among various occupational have been reported.
Therefore, only general and somewhat unsatisfactory comments can be made about TB as an
occupational hazard.
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Miners and others who work in poorly ventilated areas are more likely to be infected by a
fellow worker who has TB than a person who works in a well-ventilated areas[38].

Silicotuberculosis

Both silica dust exposure and silicosis are risk factors for TB. Tuberculosis in a person with
established silicosis is termed silicotuberculosis. The risk of developing TB increases with
duration of exposure to silica dust even in the absence of silicosis. The presence of silicosis
increases the risk of pulmonary TB approximately four fold, with the risk rising as
radiological become more severe. This increased risk of TB associated with silicosis is
lifelong, continuing after silica exposure ceases.

The presence of silicosis in the lungs can be modify the natural history of TB and may alter
its radiological appearance. The interaction of TB and silicosis is very damaging to the lung,
unless the TB is diagnosed and treated early.

Pathology

Infection with Mycobacterium tuberculosis results most commonly from infected aerosol
exposure through the lungs or mucous membranes. In immunocompetent individuals, this
usually produces a latent/dormant infection, only about 5% of these individuals later show
evidence of clinical disease.

TB infection begins when the mycobacteria reach the pulmonary alveoli, where they invade
and replicate within the endosomes of alveolar macrophages[39]. The primary site of
infection in the lungs is generally located in either the upper part of the lower lobe, or the
lower part of the upper lobe[39]. Bacteria are picked up by dendritic cells, which do not
allow replication, although these cells can transport the bacilli to local (mediastinal) lymph
nodes. Further spread is through the bloodstream to other tissues and organs where
secondary TB lesions can develop in other parts of the lung (particularly the apex of the
upper lobes), peripheral lymph nodes, kidneys, brain, and bone[40].

Workers exposed to silica are more likely to have TB because silica interferes with the
function of the pulmonary macrophages[38].

Diagnosis and Treatment

The diagnosis of tuberculosis is confirmed by the growth of Mycobacterium tuberculosis from
culture of sputum, CSF, urine, lymph nodes, or other infected tissue. If necessary, the
patient should have a positive tuberculin shin test.

The goal of treatment is to cure the infection with drugs that fight the TB bacteria. Treatment
of active pulmonary TB will always involve a combination of many drugs (usually four
drugs). All of the drugs are continued until lab tests show which medicines work best. The
most commonly used drugs include: Isoniazid, Rifampin, Pyrazinamide and Ethambutol.

Prevention

Transmission of TB can be prevented by the rapid identification and treatment of persons
with disease and by the identification and treatment of those persons infected but not yet
diseased.
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As indicated above, chronic inhalation of dust particles has been linked for decades with
lung diseases such as silicosis and silicotuberculosis. Also studies have suggested that dust
particles may increase risk of lung cancer as well as some other diseases.

4. References

[1] James A . Merchant, M.D., Dr. P.H., Silicate pneumoconisis. Occupational respiratory
diseases, September 1986: p. 243.

[2] Pannett B, K.T., Toikkanen ] et al, Occupational exposure to carcinogens in Great Britain in
1990-93: preliminary results. Carex: International Information System on
Occupational Exposure to Carcinogens. Helsinki, Finland: Finnish Institute of
Occupational Health. , 1998.

[3] NIOSH Hazard Review. Health Effects of Occupational Exposure to Respirable Crystalline
Silica. DHHS 2002-129: p. 5.

[4] Berman, D.W.C., Kenny S, Final draft:technical support document for a protocol to assess
asbestos-related risk. . Washington DC: U.S. Environmental Protection Agency., 2003:
p. 474.

[5] R. Guild, R.ILE., Airbone pollutants: asbestos. Occupational health practice in the South
African mining industry. , 2001: p. 88.

[6] Organization, W.H., Elimination of Silicosis. The global Occupational Health Network
Issue No.12-2007.

[7] Coal Dust at the Work Site. CH063 — Chemical Hazards. Government of Alberta, April
2010.

[8] NIOSH., Health Effects of Occupational Exposure to Respirable Crystalline Silica. DHHS
(NIOSH) Publication No. 2002-129. Cincinnati, OH, USA, 2002.

[9]1 M., L., Interspecies comparisons of particle deposition and mucociliary clearance in the
tracheobronchial airways. ] Toxicol.Environ.Health., 1984. 13441-69.

[10] MM, F., Silica, silicosis, and lung cancer: a risk assessment. Am.J] Ind.Med, 2000. 38(1):8-18.

[11] James A. Merchant, M.D., Dr. P.H., Pneumoconiosis: Slicosis. Occupational respiratory
diseases, 1986: p. 230.

[12] preventing silicosis. Centers for Disease Control and Prevention. U.S. Department of
Health and Human Services., October. 2004.

[13] NIOSH., A guide to working safety with silica: If it is silica, it is not just dust. Washington,
DC, 1997.

[14] NIOSH., Health Effects of Occupational Exposure to Respirable Crystalline Silica. DHHS
(NIOSH) Publication No. 2002-129. Cincinnati, OH, USA, 2002. No. 2002-129.
Cincinnati, OH, USA.

[15] American Conference of Governmental Industrial Hygienists. Cincinnati: ACGIH, 2009.

[16] Occupational exposure limits for hazardous agents in the workplace part 1: chemical hazardous
agents in China. Beijing: People's Medical Publishing House, 2007.

[17] NIOSH., High impact: silica, lung cancer, and respiratory disease quantitative risk. Cincinnati,
OH, DHHS (NIOSH) Publication, 2010. No. 2011-120.

[18] NIOSH., Respiratory Protection Recommendations for Airborne Exposures to Crystalline
Silica. Washington D.C.: DHHS Publication, 2008. No. 2008-140.



Respiratory Diseases Among Dust Exposed Workers 147

[19] Wagner G, W.S., Screening and surveillance of workers exposed to mineral dust. Geneva:
World Health Organization, 1996.

[20] Raymond, L.W. and S. Wintermeyer, Medical surveillance of workers exposed to crystalline
silica. ] Occup Environ Med, 2006. 48(1): p. 95-101.

[21] Gulumian, M., et al., Mechanistically identified suitable biomarkers of exposure, effect, and
susceptibility for silicosis and coal-worker's pneumoconiosis: a comprehensive review. ]
Toxicol Environ Health B Crit Rev, 2006. 9(5): p. 357-95.

[22] Aldrich, T.E. and P.E. Leaverton, Sentinel event strategies in environmental health. Annu
Rev Public Health, 1993. 14: p. 205-17.

[23] Fishman, A.P., Chronic Obstructive Pulmonary Disease: Epidemiology, Pathophysiology, and
Pathogenesis. Fishman's Pulmonary Diseases and Disorders: p. 707.

[24] Fang, X., COPD in China : The Burden and Importance of Proper Management. Chest., 2011.
10-1393: p. 920-929.

[25] Deaths from Chronic Obstructive Pulmonary Disease --- United States, 2000--2005. Centers
for Disease Control and Prevention. U.S., November 2008.

[26] Zhong, N., Prevalence of Chronic Obstructive Pulmonary Disease in China A Large,
Population-based Survey. AMERICAN JOURNAL OF RESPIRATORY AND
CRITICAL CARE MEDICINE, December 2006: p. 753-760.

[27] Boschetto, P., Chronic obstructive pulmonary disease (COPD) and occupational exposures.
Journal of Occupational Medicine and Toxicology, June 2006. 1:11.

[28] Hnizdo, E., Chronic obstructive pulmonary disease due to occupational exposure to silica dust:
a review of epidemiological and pathological evidence. Occup Environ Med, August
2002. 60: p. 237-243.

[29] R. Guild, R.ILE., Ocupational lung diseases. Occupational health practice in the South
African mining industry, 2001: p. 131.

[30] D., P., The pathogenesis and pathology of COPD: identifying risk factors and improving
morbidity and mortality Advanced Studies in Medicine, November 2004. 4: p. 744-
749.

[31] Alleman, J.E., Asbestos Revisited. Scientific American November 2010. 54-57.

[32] M., T., Evaluation of the acutely dyspneic elderly patient. Clin. Geriatr. Med, May 2007. 307-
25.

[33] Bonauto, D., Diagnosing Work-Related Asthma. American College of Occupational and
Environmental Medicien, 2006.

[34] Aguwa, EN., T.A. Okeke, and M.C. Asuzu, The prevalence of occupational asthma and
rhinitis among woodworkers in south-eastern Nigeria. Tanzan Health Res Bull, 2007.
9(1): p. 52-5.

[35] C.E. Mapp, M.S., Mechanisms and pathology of occupational asthma. Eur Respir ], July 1993.
7: p. 544-554.

[36] Dolovich, ]J. and F. Hargreave, The asthma syndrome: inciters, inducers, and host
characteristics. Thorax, 1981. 36(9): p. 614-44.

[37] Global tuberculosis control: epidemiology, strategy, financing. World Health Organization
November 2009: p. 6-33.

[38] James A . Merchant, M.D., Dr. P.H., Tuberculosis as an occupational disease. Occupational
respiratory diseases, 1986: p. 709.



148 Respiratory Diseases

[39] Kumar V, A.A., Fausto N, Robbins Basic Pathology Saunders Elsevier: p. 516-522.
[40] Herrmann J, L.P., Dendritic cells and Mycobacterium tuberculosis: which is the Trojan horse?.
. Pathol Biol 53 (1): p. 35-40.



Part 5

Asthma






7

Oxidative Damage and Bronchial Asthma

Eva Babusikova, Jana Jurecekova, Andrea Evinova,

Milos Jesenak! and Dusan Dobrota

Comenius University in Bratislava, Jessenius Faculty of Medicine in Martin,
Department of Medical Biochemistry

Department of Paediatrics

Slovakia

1. Introduction

All organisms live in the environment that contains oxygen which is vital for all aerobic
organisms, and reactive oxygen species (ROS) which are formed in cells as a consequence of
aerobic metabolism. Moreover mitochondrial respiration (a base of energetic production in
all eukaryotic organisms) is associated with an inevitable electron leak, resulting in a non-
stop production of reactive oxygen species, such as superoxide anion radical, hydrogen
peroxide and hydrogen radical. Universal nature of reactive oxygen species is underlined
by the presence of one enzyme - superoxide dismutase. This enzyme occurs in all aerobic
organisms and it is responsible for dismutation of superoxide anions into oxygen and
hydrogen peroxide. Genes involved in detoxification of reactive oxygen species are highly
conserved among eukaryotes and their deficiency could be limit of several diseases and life
span. Oxidative stress is a unique pathophysiological condition resulting from the
disrupted balance between oxidants and antioxidants. Increased level of reactive oxygen
species may cause oxidative damage of all biomolecules: nucleic acids, proteins, lipids,
saccharides. A progressive grow of oxidative damage is the result of increasing production
of reactive oxygen species or an insufficient antioxidant defence system and this damage
may contribute to the origin and development of several diseases including bronchial
asthma, but on the other hand oxidative damage can be the consequence of them as well

(fig. 1).

The lungs have the highest exposure to atmospheric oxygen. This organ is vulnerable to
oxidative damage by oxygen and pollutants (tobacco smoke, ozone, silicon, asbestos, oxides
of nitrogen and sulphur) because of its location, anatomy and function. The large
endothelial surface (100 m?) makes the lungs a major target site for circulating oxidants and
xenobiotics. Bronchial asthma is the most frequent chronic respiratory disease in children. It
is characterized by on-going airway inflammation commonly associated with airway
remodelling. Oxidative damage is not only result of non-controlled airway inflammation
but it can be a significant factor in the provoking of asthma exacerbations and in the
maintenance of asthmatic symptoms, and may play one of the essential roles in the
development and persistence of bronchial asthma. Oxidative damage may represent a
potential target of the treatment of bronchial asthma.
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Endogenous production of ROS occurs in vivo as by-products of enzymatic redox chemistry
and traces of the iron and other metals catalyse oxidative reaction in vivo. Production of
highly reactive oxygen species causes progressive, causal damage of nuclear DNA,
mitochondrial DNA, RNA, enzymes, other proteins as well as unsaturated fatty acids and
phospholipids. These kinds of damage may lead to a cell damage, changed cell function,
and finally to a cell death.

Normal state Stress, disease

Minimal oxidative damage Oxidative stress, increased
oxidative damage, accumulation
of oxidative damage, disease

Fig. 1. Reactive oxygen species in the development of disease. As a consequence of
disturbed equilibrium between reactive oxygen species (ROS) and antioxidants (AO) on the
side of ROS, oxidative stress is increased. This causes increased oxidative damage of
biomolecules, its accumulation, and the development of several diseases.

2. Origin of reactive oxygen species

Higher eukaryotic organisms cannot exist without oxygen. Molecular oxygen is essential for
energy production in its diatomic basic state (3)g-O, or O;). During a lot of primary
intracellular reactions in which oxygen is necessary, reactive oxygen species are produced.
Oxygen and reactive oxygen species have destructive properties that can explain wide
palette of medical states which become during origin and duration of many diseases. Single
oxygen is not extremely reactive. Oxygen has two unpaired electrons which have parallel
spin quantum number and they are localized in different molecular orbital and therefore
oxygen molecule is quantified as diradical. If oxygen wants to accept two electrons both of
them could have antiparallel spin. This criterion is executed very rarely in a typical electron
pair. Therefore oxygen accept electrons for one in time and in vivo it is typical two- or four-
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electron reduction of oxygen using coordinating, serial enzymatic catalysed one-electron
reductions (Beckman & Ames, 1998).

Reactive oxygen species are created in the organism under normal physiological conditions
after controlled stimulation like by-product of some biological processes. There are several
sources of exogenous oxidant production as well (fig. 2). Four from the endogenous sources
(mitochondria, phagocytes, peroxisomes, and cytochrome Pys0 enzymes) are responsible for
origin of the majority of oxidants produced by cells (Ames et al. 1993).

Endogenous sources of
reactive oxygenspecies

Cytochrom P 45,
NADFPH oxidases

Nitrogen oxide svnthase
Xantine oxidase
Endoplasmic reticuhunm
Heme proteins

Excessive physical exercise

Feactions of metal 1ons (Fe,

[} ] A, 4 3, [h AN, A

Exogenous sources of
reactive oxygenspecies

Cigarette smoke
Ultraviolet light
Ionizing radiation

Foluttants

Dzone
Chemotherapeutic agents
Pesticides
Organicsolvents
Alcohol
Metals

Fig. 2. Endogenous and exogenous sources of reactive oxygen species.

The main endogenous source of reactive oxygen species are mitochondria which produce
reactive oxygen species continuously. The main mitochondrial function is energy
production. In normal aerobic respiration mitochondria utilize oxygen that is reduced by
serial steps whereby is produced water (H2O). Mitochondria are the major producer of
reactive oxygen species via incomplete reduction of oxygen by electrons leaked out of the
respiratory chain in the animal and human cells. It has been demonstrated that NADH-
coenzyme Q oxidoreductase (Complex I) and ubiquinol-cytochrome c reductase (Complex
III) of the respiratory chain are the major sites that generate reactive oxygen species in
animal mitochondria. Mitochondrial oxidative damage can lead to the release of greater
amount of reactive oxygen species and cause increased oxidative damage of mitochondrial,
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cytoplasmic and nuclear components what subsequently may lead to dysfunctional
mitochondria. Damage of mitochondrial electron transport may be an important factor in
the pathogenesis of many diseases.

Phagocytig cells are another important endogenous source of oxidants. The main function
of phagocytosis is the defence of host organisms against pathogens, conditionally
pathogenic micro-organisms and foreign as well as body own particles bigger than 0.1 um.
Neutrophils and another phagocytes attack pathogens by mixture of reactive oxygen
species: singlet oxygen (O,*-), nitric oxide (*NO), hydrogen peroxide (H>O,), hypochlorous
acid (HCIO) (Pollack & Leeuwenburgh, 1999). Chronic virus, bacterial or parasite infection
results in chronic increased phagocyting activity and finally chronic inflammation, which is
a main risk factor for development of several diseases (Ames et al., 1993), and raising
oxidative damage.

Peroxisomes are organelles from the microbody family and are present in almost all
eukaryotic cells. They participate in the B-oxidation of fatty acids and in the metabolism of
many others metabolites. Certain enzymes within peroxisome, by using molecular oxygen,
remove hydrogen atoms from specific organic substrates, in an oxidative reaction,
producing hydrogen peroxide. Hydrogen peroxide is degraded by catalase, another enzyme
in peroxisome (Beckman & Ames, 1998). Peroxisomes contain also xanthine oxidase which
produces singlet oxygen and hydrogen peroxide.

Microsomal cytochrome Ps50 enzymes are a very large and diverse superfamily of
hemoproteins identified from all lineages of life including humans, mammals, birds, fish,
plants, bacteria. They form one of the primary defence system against xenobiotic compounds
usually plant origin. Human cytochrome P50 enzymes are primarily membrane-associated
proteins, located in the inner mitochondrial membrane or in the endoplasmic reticulum of
cells. They modify thousands of endogenous and exogenous compounds by univalent
oxidation or reduction. Induction of these enzymes protects from acute oxidative effects of
foreign compounds or chemicals but also results in production of oxidants.

The main cellular sources of ROS in the lung include neutrophils, eosinophils, alveolar
macrophages, alveolar epithelial cells, bronchial epithelial cells and endothelial cells
(Kinnula et al., 1992, 1995).

2.1 Types of reactive oxygen species

Reactive oxygen species are chemical units which are divided into two groups: free radicals
and non-radical compounds (fig. 3). Free radical or radical is an atom, molecule or
compound which has, contrary to non-radical atoms, one or more unpaired electrons.

One of the basic properties of reactive oxygen species is their extreme reactivity. Reactive
oxygen species oxidize molecules and therefore they are named oxidant. They can also act
as a reducing factor, can be electron neutral but also can have positive or negative charge.
Radicals are predominantly high reactive and they initiate complex line of consequential
reactions by which other new reactive oxygen species are formed. Results of these series
reactions are chemical modification of amino acids, peptides, proteins, nucleotides, nucleic
acids, fatty acids, lipids and saccharides. Structural changes of biological molecules, which
are situated in the proximity of their reactive species cause change of their biological
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function. Reactive oxygen species participate on regulation of several physiological
functions of cells and organisms such as cell signalling, neurotransmission and regulation of
neurotransmitters release, gene expression, metabolism, cell proliferation and grow cells,
immunity answer, and control of contraction and relaxation of smooth muscles,
respiration, cell death (Chan, 2001; Halliwell and Gutteridge, 1999; Hanafy et al., 2001;
Kroncke, 2001). Control of signal (Chan, 2001; Kroncke, 2001) and metabolic pathways
(Halliwell and Gutteridge, 1999; Hanafy et al., 2001) through reactive oxygen species has
meaning not only during physiological state of organism but supposes that during
definite conditions deregulation of reactive oxygen species production participate on
various kinds of diseases.

OXIDANTS

superoxide anion H, O, hvdrogen peroxide

lwvdrosvl vadacal L pochlorous acid

alkvl hvdroperoxide radical 10, singlet oxygen

alkoxv] radical Oy OZone

FS*  tluyl radical HNO,  mutrous acid

NO natric oxide M0y dmitrogen trioxide

ML ubrogen dioxade NCr matroxyl smuon

ONOCr peroxyritrite FROOMNO  alkvl peroxviutrite

UL tchloromethyvlradical

Fig. 3. Examples of reactive oxygen species.

2.2 Antioxidant defense

Reactive oxygen species are necessary for human life. Many vital events are mediated by
radical reactions in organism. Reactive oxygen species serve as signal molecules in low
concentrations but if they are produced in oversize amount evoke harmful, destructive
effects (Dhalla et al., 2000). Toxicity connected with inadequate production of these species
is prevented by antioxidant defence systems that provides healthy cell environment. Cells
possess enzymatic and non-enzymatic defence systems (dietary antioxidants, extracellular
compounds that have antioxidant activity) (fig. 4) (Bergendi et al., 1999; Pollack &
Leeuwenburgh, 1999).



156 Respiratory Diseases

Superoxid dismutase (SOD, EC 1.15.1.1) is universal enzymatic antioxidant. This enzyme is
extremely efficient and catalyses the neutralization of superoxide anion to oxygen and
hydrogen peroxide. There are three major families of superoxide dismutase, depending on
the metal cofactor: Cu/Zn (which binds both copper and zinc), Fe and Mn types (which
bind either iron or manganese), and the Ni type (which binds nickel). In humans three form
of SOD are present: cytoplasmic Cu/Zn-SOD (SOD1), mitochondrial Mn-SOD (SOD2), and
extracellular Cu/Zn-SOD (ECSOD, SOD3).

ANTIOXIDANT DEFENCE MECHANISMS

Superoxide dismutase - SOD Vitamin A, vitaman C, vitamn E
20, + 2H — H,0, + O,
Beta-carotens

Catalase - CAT Coenzyme

Ulric acid

Glutathione peroxidase - GTPx —
2GSH + H,0, — GSSG+ 2 H,0 Flavonoids

Sulphyvdev] groups
2G5H + FOOH — G55G + ROH+

2H,O Thicether compounds

Fig. 4. Antioxidant defence systems in organism. O,*-, superoxide anion; GSH, glutathione;
GSSG, glutathione disulfide; ROOH, alkyl hydroperoxide.

Catalase (CAT, EC 1.11.1.6) is a common antioxidant enzyme responsible for controlling
hydrogen peroxide concentrations in cells. It is ubiquitous to most aerobic cells and is
situated in the lungs as well (macrophages, fibroblasts, and pneumocytes) (Kinnula et al.,
1995). Catalase as an intracellular antioxidant enzyme catalyzes the decomposition of two
molecules of hydrogen peroxide into one molecule of oxygen and two of water and its
activity is genetically determined.

Glutathione peroxidases (GPXs, EC 1.11.1.9) are family of enzymes ubiquitously
distributed which have peroxidase activity whose a main biological role is to protect the
organism from oxidative damage. Glutathione peroxidases reduce hydrogen peroxide to
water and reduced glutathione and lipid hydroperoxides to their corresponding alcohols,
water and reduced glutathione. Four type of GPXs have been identified: cellular GPX,
gastrointestinal GPX, etracellular GPX, and phospholipid hydroperoxide GPX (Tappel,
1984).
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Glutathione reductase (GR, EC 1.8.1.7) participates on maintenance of intracellular
concentration of glutathione.

Other an essential part of defence mechanism is a super-family of enzymes called
glutathione transferases (GSTs, EC 2.5.1.18). These enzymes are involved in the cellular
detoxification of various electrophilic xenobiotic substances such as chemical carcinogens,
environmental pollutants, and antitumor agents. Glutathione transferases inactivate
endogenous a,B-unsaturated aldehydes, quinone, epoxides, and hydroperoxides formed as
secondary metabolites during oxidative damage. GSTs may reduce reactive oxygen species
to less reactive metabolites and protect organism against consequences of lipid peroxidation.
Glutathione transferases are of interest to researchers because they provide targets for
antiasthmatic and antitumor drug therapies (Ruscoe et al., 2001).

Glutathione (GSH, y,L-Glutamyl-L-cysteinylglycine) is an important antioxidant which
reduces organic hyperoxides and protect organs from lipid peroxidation.

Heme oxygenase (heat shock protein 32, HO; EC 1.14.99.3) plays an important role in
organism defence to oxidative stress (Paredi et al., 1999) and inflammation (Otterbien &
Choi, 2000). There are known tree isoforms of HO: HO-1, HO-2, and HO-3. HO-1 is
activated by a lots of inflammatory mediators, reactive oxygen species and by another
stimuli (proinflammatory cytokines: interleukin-1p, interleukin-6, interferon-y, tumor
necrosis factor-a, bacterial toxins; airway viral infection; heme; hemin; reactive oxygen
species: superoxide, peroxynitrite, hydrogen peroxide and reactive nitrogen species) (Nath
et al., 2001; Sardana et al., 1981). HO-1 is expresses mainly in epithelial cells and endothelial
cells of air system (Paredi et al., 1999).

Although cells possess complex net of antioxidant defence, the defence is not completely
effective. Small fractions of oxidants escape from elimination and cause molecular damage.
Some of these damages are irreversible therefore they are accumulated in time and they
make base of functional decline. At specific conditions production of reactive oxygen species
is increased and thereby balance between reactive oxygen species and defence systems is
disrupted. In consequence, imbalance between oxidants and antioxidants in favour of
oxidants and their harmful effects, oxidative damage is increased. Oxidative damage of
biomolecules is a major contributor factor to many diseases such as cardiovascular and
neurological diseases, lung diseases, ischemia-reperfusion injury, cancer and cataracts
(Ames at al., 1993) and to physiological processes such as ageing and protein turnover
(Fukagawa, 1999; Stadtman, 1993).

3. Bronchial asthma

Bronchial asthma (BA) is a lung disorder characterized by inflammation and airway
hyperresponsiveness. The causes and pathogenic mechanisms of BA are poorly understood,
and available treatments do not reverse and stop the disease process. Bronchial asthma has a
significant global impact, affecting approximately 300 million individuals worldwide. The
prevalence of bronchial asthma increases significantly during past years, especially in
children. Asthma has become more common in both children and adults around the world
in recent decades. The increase in the prevalence of asthma has been associated with an
increase in atopic sensitization, and is paralleled by similar increases in other allergic
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disorders such as eczema and rhinitis. Asthma is a complex and heterogeneous chronic
inflammatory disease of airways that involves the activation of many inflammatory and
structural cells, all of which release inflammatory mediators that result in the typical
pathophysiological changes in asthma (Barnes at al, 1998). Bronchial asthma is
characterized by recurrent episodes of airway obstruction that resolve spontaneously or as a
result of treatment, which occurs in individuals who may periodically have normal airway
function. The airway mucosal inflaimmatory response in asthma is characterized by
increased vascular permeability with oedema of airway walls, mucus hypersecretion with
small airway plugging and infiltration by inflammatory cells, typically eosinophils.
Prominent symptoms include wheezing, breathlessness, chest tightness, and cough,
particularly at night and/or early in the morning.

Asthma has been recognized as a disease since the earliest times; Hippocrates used the
term “ad0pa”’. The pathogenesis of BA is complicated and at present poorly understood.
Asthma is a disorder involving all bronchial structures and depends on a complex
interaction between the respiratory tract and inflammatory cells, mediators and adhesion
molecules. Release of mediators primes both activation and migration of inflammatory
cells that cause various degrees of airway obstruction, alternations in the mucociliary
system and hyperreactivity o the bronchial smooth muscles. The cells infiltrating the
bronchial mucosa in patients with asthma produce also reactive oxygen species
(Andreadis at al., 2003). Oxidative damage plays an important role in the development of
bronchial asthma. Increase production of reactive oxygen species leads to mutagenic
alternations resulting in many pathological processes and can be implicated in
pathogenesis of asthma.

Oxidative damage

Accumulation of
damage/changes

ASTHMA

Oxidative damage

Osadabive stress

Fig. 5. Participation of oxidative damage in the bronchial asthma origin.

Protein oxidation, DNA modification and lipid peroxidation, all of these oxidative changes
can be cumulated in airway and may participate to bronchial asthma persistence and lead to
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further release of mediators from epithelium resulting in further increase of oxidative
damage which can again participate in asthma pathogenesis (fig. 5). Oxidative damage
represents dynamic balance between a degree of oxidative damage and a degree of repair of
this damage. Changes are not happened only in consequence of oxidative damage of
biomolecules but also in consequence of damage of repair mechanisms.

Direct evidences of a causal role of reactive oxygen species in asthma are limited. Reactive
oxygen species can influence airway cells and initiate lipid peroxidation, protein oxidation,
DNA modification, enhancing release of arachidonic acid from cell membranes, contracting
airway smooth muscle, increasing vascular permeability, increasing airway reactivity and
airway secretion, as well as the synthesis and release of chemoattractants, inducing the
release of tachykinins and neurokinins, decreasing cholinesterase and neutral
endopeptidase activities, and impairing the responsiveness of (-adrenergic receptors
(Barnes, 1994; Barnes et al., 1998; Rahman & MacNee, 2002). Increased oxidative damage can
contribute to the origin and development of respiratory disease including bronchial asthma.

3.1 Oxidative damage in bronchial asthma

Oxidative damage has myriad effects and can negatively influence metabolic pathways
including amplifying the inflammatory process. Changes in levels of oxidants, antioxidants
and markers of oxidative damage can be determined in bronchoalveolar lavage fluid (BAL),
plasma, serum, tissue and as well as in exhaled breath condensate. Our measurements are
still limited by low concentration of reactive oxygen species, their extreme reactivity and
short lifetime and therefore a determination of biomarkers which can reflect existence of
reactive oxygen species predominates over direct evidences of increased origin of reactive
oxygen species.

The ability to collect and analyse exhaled condensate has allowed the direct assessment of
reactive oxygen species in allergic respiratory diseases. Higher concentration of hydrogen
peroxide (Emelyanov et al., 2001; Horvath et al., 1998), superoxide anion radical (Jarjour &
Calhoun, 1994; Sedgwick et al., 1990; Teramoto et al., 1996), nitric oxide (Ashutosh, 2000;
Banovcin et al., 2009) was observed in asthmatic patients. Data about normal physiological
value of ROS and oxidative damage biomarkers of DNA, proteins and lipids are missing or
very rare in adults or in children population and therefore an implication of relevant
conclusion can be uncertain.

3.1.1 Protein oxidative damage

A prominent marker of oxidative damage is oxidative damage of proteins. Endogenous
proteins are very sensitive to modification by reactive oxygen species. Oxidized proteins can
loss their biological function as result of extensive complex protein chemical modifications.
These proteins may be changed to proteins which are more sensitive to intracellular
proteolysis (Davies, 1987) and are very quickly degraded by endogenous proteases
(Stadtman & Bertlet, 1997). Protein oxidation by reactive oxygen species may lead to
oxidation of side chains of amino acids residues and proteins can contain new functional
groups (hydroxyl and carbonyl groups) (Fu et al., 1998), to cleavage of peptide bounds, to
form new protein-protein cross bounds (Stadtman & Berlett, 1997). These changes can
result in secondary modifications such as protein fragmentation, aggregation, unfolding



160 Respiratory Diseases

(Davies, 1987) whereby these processes are connected with change or loss protein activity
and protein function (Stadtman, 1993). Children with bronchial asthma had higher level of
protein carbonyls compared to the healthy children (Szlagatys-Sidorkiewicz et al., 2005).
There was observed a trend for higher concentrations in protein carbonyls in atopic
asthmatic children compared with control subjects (Schock et al., 2003). Increased level of
protein carbonyls was observed also in BAL of atopic asthmatic children (Foreman et al.,
1999). We observed plasma protein modification in our group of asthmatic children
(Babusikova et al., 2009). The total concentration of sulfhydryl groups was decreased
during asthma. The value was lower in asthmatic group of children compared to the healthy
subjects. Asthmatic patients with atopy had significantly lower amount of sulfthydryl groups
than non-atopic patients. Nadeem et al. (2005) observed significant different in total
sulfhydryl groups content between acute and stable asthmatics. Buss et al. (2003) observed
3-chlorotyrosine in tracheal aspirate in significantly higher amounts in preterm infants with
respiratory distress than in control infants. Nitrotyrosine was increased in exhaled breath
condensate in patients with mild asthma (Hanazawa et al., 2000), in children (Baraldi et al.,
2006) and in airway epithelial lining fluid of asthmatic children (Fitzpatrick et al. 2009).

In asthmatic children was observed increased level of eosinophils and mast cells compared
to the healthy children (Schock et al., 2003). Several studies observed an increased level of
eosinophils in adults with bronchial asthma in peripheral blood, in tissues and in exhaled
breath condensate (Venge, 1995; 2010). In asthmatic children, the number of inflammatory
cells in BAL fluid correlated significantly with the concentration of protein carbonyls
(Schock et al., 2003). Increased respiratory burst can reflect increased oxidative stress,
phagocyte auto-oxidation and subsequent intracellular oxidant release leading to additional
inflammatory and lung damage in asthmatic children. Tissue damage and phagocyte
activation can contribute to increased reactive oxygen species production. Activated
phagocyte, neutrophils, eosinophils, monocytes and macrophage generate large amount of
superoxide anion radical.

3.1.2 Lipid peroxidation

Lipid peroxidation is example of oxidative damage of biological membranes, lipoproteins
and another lipid containing structures. It can be a very destructive process in a living
system. Damaged biological membranes have changed biophysical properties. Proteins and
lipids have limited mobility in membrane and membrane fluidity is decreased (Kaplan et al.,
2003). Peroxidation of membrane lipids leads to the production of isoprostanes.
Isoprostanes are chemical stable substances and they can contribute to the
pathophysiological changes seen in asthma. They are generated in vivo and are specific for
lipid peroxidation (Pratico et al., 2001). Increased level of 8-isoprostanes was observed in
exhaled breath condensate (Baraldi et al., 2003; Caballero Balanza et al., 2010; Montuschi et
al., 1999), in plasma (Wood et al., 2000), as well as in urine and BAL (Dworski et al., 1999) of
asthmatic patients. Ethane can reflect changes that are happened in consequence of lipid
peroxidation (Kneepkens et al., 1994). Increased level of ethane which is produced following
lipid peroxidation in exhaled breath was observed in adult with bronchial asthma (Paredi et
al., 2000). Other markers of lipid peroxidation are thiobarbituric acid-reactive substances
(TBARS) measuring the concentration of malondialdehyde, an end product of the oxidation
of polyunsaturated fatty acids. Oxidative stress can cause accumulation of TBARS. We
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observed increased levels of hiobarbituric acid-reactive substances in asthmatic children
(Babusikova et al., 2009). Concentration of TBARS was significantly higher in exacerbated
asthmatic children compared to controlled asthmatics and in atopic children levels of
thiobarbituric acid-reactive substances enhanced compared to non-atopic as well. Increased
level of TBARS was observed also in exhaled breath of asthmatic patients (Antczak et al.,
1997) and in plasma of asthmatic patients (Shanmugasundarasn et al., 2001). Concentration
of malondialdehyde was higher in exhaled breath condensate in asthmatic children (Corradi
et al., 2003, Kalayci et al., 2000). Increased level of malondialdehyde was observed also in
BAL and peripheral blood sample of adult patients (Ozaras R et al., 2000).

3.1.3 Antioxidant changes

Antioxidant deficiencies have been frequently reported in patients with BA. The data are
inconsistent, possibly due to variation in disease severity, diet, and ethnic, using techniques
and using human fluids for measurement. Activities of enzymatic antioxidants have been
reported increased, decreased, and unchanged as well. In children with asthma was
observed increased activity of superoxide dismutase in erythrocytes and serum (Liao et al.,
2004; Szlagatys-Sidorkiewicz et al., 2005). Decreased and unchanged levels of antioxidant
enzymes such as superoxide dismutase, catalase and glutathione peroxidase were observed
(Combhair et al., 2000; Novak et al.,, 1991; Powell et al.,, 1994; Shanmugasundarasn et al.,
2001). Decreased activity of salivary peroxidase was found in children (Bentur et al., 2006).
Total antioxidant capacity in serum of asthmatic children was decreased (Liao et al., 2004).
Asthmatic patients with severe exacerbation of their disease have decreased serum total
antioxidant status (Katsoulis et al., 2003). Concentration of glutathione peroxidase was not
changed in asthmatic children (Marcal et al., 2004). Glutathione transferase shared catalytic
properties for reaction of glutathione with reactive substrates. GST enzyme family is critical
for protecting cells from reactive oxygen species because enzymes can utilize a wide range
of products of oxidative damage as substrates. Members of glutathione transferase
superfamily play an important role in the lungs during various physiological and
pathophysiological conditions (Gilliland et al., 2002a, b, c). Peripheral blood lymphocyte
glutathione concentration may potentially serve as a convenient marker of lung
inflammation. The increase demand for glutathione production in the face of ongoing
inflammation suggests a potential role for supplementation with cysteine donors (Lands et
al., 1999). GSTM1 can be an important susceptibility factor for children with bronchial
asthma after exposure during the fetal period (Gilliland et al., 2002a). Polymorphism within
GSTP1 does not represent a major genetic factor in the development of bronchial asthma in
children (Nickel et al, 2005). Variants of glutathione transferase confer risk to the
development of asthma when the children are exposed to smoke (Kabesh et al., 2004). A
significant decreased level of a-tocopherol, B-carotene, and ascorbic acid was detected in
serum and erythrocytes of asthmatic children (Shanmugasundarasn et al., 2001; Kalayci et
al., 2000). Composition of diet can also contribute to the increased development of bronchial
asthma. Pulmonary functions are affected by intake of fresh fruit. Low intake of fruit rich in
vitamin C is associated with an increased frequency of wheezing symptoms in children.
Lung function parameters were lower in children with inadequate antioxidant vitamin
intake (Gilliland et al., 2003). Decreased concentration of vitamins can suggest imbalance
between antioxidant/oxidant status and it can be related with chronic airflow limitation.
Diets and oxidative stress play a role in adults (Ochs-Balcom et al., 2006). Changes in
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antioxidant-oxidant balance in BAL fluid in children with asthma may be an indicator of
ongoing inflammatory event in symptom-free periods. This inflammation is associated with
the increased production of reactive oxygen species or oxidative stress in lung.

Individual parameters of oxidative damage influence reciprocally and together participate
in the development of bronchial asthma (fig. 6). Estimation of all kind of markers of
oxidative damage (proteins, lipids, DNA), together with estimation of antioxidant defence
status, production of reactive oxygen species and genotype of relevant genes in the same
time in asthmatic patients can be helpful for the selection the best treatment.

Polvmorplasm of l Activity of
antioxidants antioxidant enzyvmes

Endo- Activationof Il Markers of ASTHMA

EX0genous antioxidant mechanisms
factors
Production of reactive hMarkers of exadative
OXVEeIL SPecies damage

Fig. 6. Participation of oxidative damage factors in origin of bronchial asthma. Oxidative
damage results from polymorphism of antioxidant genes (influencing enzyme activity),
activation of antioxidant pathways, and polymorphism of prooxidant genes and production
of reactive oxygen species (influencing increased oxidative damage).

oxidative damage

3.1.4 Genetic changes in bronchial asthma related to oxidative damage

Environmental and genetic factors play a role in the development of asthma; however, the
exact mechanisms of these factors are not fully determined. A prominent aim of BA research
is to understand the genetic and environmental triggers for bronchial asthma. Asthma
clusters in families and twin studies suggest a strong genetic component to bronchial
asthma. Having a parent with asthma doubles a child's risk of asthma, and having two
affected parents increases the risk 4-fold (Gilliland et al., 2001). Many genes as well as gene-
gene interactions are associated with asthma (fig. 7).

Superoxide dismutase represents the most important part of an active antioxidant defence.
Since superoxide dismutase is decreased in asthma, and its activity is strongly related to BA
pathophysiology, it has been hypothesized that genetic variations in superoxide dismutase
may play a role in the development of asthma. The genes encoding SOD1, SOD2, SOD3 are
located in different chromosomes and in all of them polymorphisms have been described.
SOD1 is encoded on 21g22.1, SOD2 on 6q25.3, and SOD3 on 4p16.3-q21. Regulation of SOD
genes plays a crucial role in balancing the reactive oxygen species concentration. In SOD1
has been observed substitution of A to C at the non-coding position 35. This polymorphism
influence SOD1 activity (Flekac et al., 2008). Substitution T to C at position 24, resulting in a
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valine to alanine substitution at amino acid 16 has been identified in SOD2. Impairment of
the mitochondrial superoxide dismutase activity was related to bronchial asthma
pathophysiology (Comhair et al,, 2005). In SOD3 gene has been identified three single
nucleotide polymorphism: alanine to threonine substitution at amino acid 40, phenylalanine
to cysteine at amino acid 131, and finally the most studied polymorphism which represents
substitution of arginine to glycine at amino acid 213. Studies about superoxide dismutase
polymorphisms are very rare in asthmatic population. In Chinese and Finnish asthmatic
patients was not found significant differences either in allele or in genotype in SOD2
(Kinnula et al., 2004; Mak et al., 2006).
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Fig. 7. Impact of genetic and environmental factors on bronchial asthma development.

Catalase is a common antioxidant enzyme responsible for controlling hydrogen peroxide
concentrations in cells. The catalase gene is located on chromosome 11p13. There are known
different polymorphisms of this enzyme in coding regions (Goth, 1998; Kishimoto et al.,
1992) and in non-coding regions as well (Casp et al., 2002; Forsberg et al., 2001; Goth et al.,
2005; Kishimoto et al., 1992; Ukkola et al., 2001, Zhou et al., 2005; Wen et al., 1990). A
common polymorphism in the promoter region of the catalase gene consists of a C to T
substitution at position -262 in the 5' region (Forsberg et al., 2001), which is thought to result
in reduced activity. CAT polymorphism may be associated with increased risk of asthma
(Mak et al., 2006, Polonikov et al., 2009). In our study the frequency of TT genotype of
catalase -262C—T was 0.226 in asthmatic children and 0.048 in healthy children (p < 0.001)
and CAT polymorphism may be associated with increased oxidative damage in asthmatic
subjects (unpublished results).
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Glutathione transferase genes have been suggested as candidate genes for BA because they
are involved in antioxidant defence pathways and they are expressed in the lungs.
Glutathione transferases have historically also been called glutathione-S-transferases, and it
is this latter name that gives rise to the widely used abbrevation, GST. Three major families
of proteins the cytosolic, mitochondrial and microsomal (membrane-associated proteins in
eicosanoids and glutathione metabolism, MAPEG) are known. In some organisms
expression of GSTs are upregulated by exposure to prooxidants (An & Blackwell, 2003;
Desikan et al., 2001; Veal et al., 2002). Seven classes of cytosolic glutathione transferases are
recognising in mammals (Alpha, Mu, Pi, Sigma, Theta, Omega, and Zeta) (Hayes & Pulford,
1995). At least 16 cytosolic GST subunits exists in human and display polymorphisms, and
this is probably contributing factor to interindividual differences in responses to diseases
and xenobiotics. GSTM1 is one of the genes encoding the Mu class of enzymes. Gene for
GSTM1 has been mapped to glutathione transferase mu gene cluster on chromosome 1p13.3.
Three polymorphisms of GSTM1 have been identified: a substitution (GSTMIA and
GSTM1B) and a deletion (Rebbeck, 1997; Xu et al., 1998). The alleles of the substitution
variant differ by C to G transition at base position 534, resulting in a lysine to asparagine
substitution at amino acid 172 (Cotton et al., 2000; Rebbeck, 1997). There is no evidence to
date that GSTM1A and GSTMIB alleles are functionally different from one another; thus
these alleles are typically categorized together as a single functional phenotype. Other
polymorphism is a deletion - GSTM1 null variant that results in a lack of functional gene
product. The GSTT1 gene is located at 22ql11.2. Absence of both alleles for this gene
represents null variant analogous to GSTM1I. Deletion of whole gene results in the lack of
enzymatic activity (Sprenger et al., 2000). Gene for GSTP1 is one of the most intensive
studying genes of glutathione transferase family and has been mapped on chromosome
11g13 and comprising nine exons. There are known two polymorphisms of GSTPI:
substitution of isoleucine to valine at amino acid 105 and alanine to valine at amino acid 114,
demonstrating different catalytic efficiencies due to changes in the active site (Ali-Osman et
al.,, 1997). A number of studies suggest that GSTM1, GSTT1, GSTM1 polymorphisms
increase susceptibility to asthma (Babusikova et al., 2009; Hanene et al., 2007; Kamada et al.,
2007; Romieu et al., 2006; Tamer et al., 2004). GSTM1 and GSTT1 deficiency may increase the
risk for the asthma development of in utero and current smoke exposure (Kabesch et al.,
2004). People with a GSTMI null variant or GSTP1 Val/Val genotype show decreased in
lung function growth (Gilliland et al., 2002b; Imboden et al., 2007).

Nicotinamide adenine dinucleotide (phosphate) reduced:quinone oxidoreductase (NQO1,
EC 1.6.5.2) is phase Il enzyme important in response to oxidative stress. NQO1 is highly
expressed in the lungs. The gene for this protein is localised on chromosome 16q22.1. NQO1
catalyzes the two-electron reduction of quinones to hydroquinones, thus bypassing the
potentially toxic semiquinone radical intermediate (Jaiswal, 2000; Vasiliou et al., 2006) and
prevents the generation of reactive oxygen species, and protects cells from oxidative
damage. Some evidence suggest that NQO1 may also interact directly with reactive oxygen
species (Jia et al., 2008), such as hydroxyl radical and hydrogen peroxide, and may influence
the balance between oxidants and antioxidants. This enzyme can act also as an antioxidant
enzyme by reducing ubiquinone (coenzyme Qo) and vitamin E quinone to their antioxidant
forms (Beyer et al., 1996; Siegel et al., 1997) and bases on its influence on antioxidant
mechanisms NQOIL is a candidate gene. Currently, there are 22 reported single-nucleotide
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polymorphisms in the NQOI gene. Only two of these, argininel39tryptophan and
prolinel87serine (Larson et al., 1999; Traver et al., 1992) have been studied extensively. The
NQO1 gene plays an important role in asthma susceptibility (David et al., 2003; Li et al.,
2009). Functional polymorphism of NQO1 gene with conjugation of GSTM1 null variant can
have a protective effect in relation to asthma risk (David et al., 2003). For individuals already
exhibiting disease status, a decrease or loss of NQOI1 activity due to mutation, can play a
role by increasing the risk of severity (Goodrich et al., 2009). Polymorphism in NQO1 gene
may be an important factor determining the intensity of medical therapy in asthmatic
children. Asthmatic children with functional polymorphism of NQOI may require more
intensive pharmaceutical treatment to effectively control their asthma (Goodrich et al.,
2009).

Nicotinamide adenine dinucleotide phosphate oxidase (NADPH oxidase, EC 1.6.3.1) is a
membrane-associated enzyme that catalyzes the production of superoxide anion. This
enzyme is one of the main sources of superoxide anion and is highly expressed in
neutrophils and endothelial cells (Azumi et al., 1999). NADPH oxidase is multicomponent
enzyme made up from six subunits: Rho guanosine triphosphatase and five subunits of
phagocytic oxidases (phox). Gp9lphox and gp22phox are transmembrane subunits, and
p40phox, p47phox and p67phox are cytosol subunits. The gp22phox is also called
cytochrome b a subunit (CYBA) and presence of this protein in the NADPH oxidase
determines the enzyme activity and production of superoxide radical (De Keluelanear et al.,
1999). There were identified three polymorphisms in gene for gp22phox subunit at position
+242 in exon 4, which consists of a C to T substitution resulting in a histidine to tyrosine
substitution at amino acid 72; in the 3' untranslated region at position 640 A is substituted
by G, and the third polymorphism is located in the promoter region at position -930, which
consists of a A to G substitution (Dinauer et al., 1990; Moreno et al., 2003). Polymorphism of
CYBA can be an important genetic component that determines susceptibility to allergic form
of BA (Ivanov et al., 2008).

3.1.5 Antioxidant treatment

Antioxidant therapy may be a useful treatment for bronchial asthma because oxidative
damage is increased in asthmatic patients. Epidemiological studies suggest that antioxidant
have a significant effect on the incidence and severity of BA (Fogarty & Britton, 2000; Smith
et al., 1999). There are several antioxidants, including endogenous metobolites (glutathione,
N-actylcysteine, heme oxygenase 1, uric acid), natural antioxidants and other nutrients
(vitamins C and E, B-carotene, co-enzyme Q10, urate, curcumin, a lipoic acid, fish oil), and
herbal molecules and polyphenols (esculitin, sulforaphane, resveratrol, caffeic acid
phenethyl ester). Vitamin C and E are powerful antioxidants found in the lungs. Vitamin C
is hydrophilic antioxidant and acts to quench radicals within cells and regenerates vitamin
E. Vitamin E is a lipophilic chain-breaking antioxidant that acts by stopping the chain
reaction involved in lipid peroxidation. Urate is hydrophilic and has chain-breaking
properties and stabilizes vitamin C as well. Several authors observed decreased oxidative
damage in asthmatic mice treated with antioxidants (Dittrich et al., 2009; Lee et al., 2009;
Okamoto et al., 2006). Studies of antioxidant intake have provided conflicting results in
asthmatic patients. Epidemiological studies indicate that elevated dietary intake of vitamin
C may be associated with a reduced risk of asthma (Hatch, 1995; Soutar et al., 1997). On the
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other hand, many studies do not indicate any relation between asthma and vitamin C
(Fogarty et al., 2003; Troisi et al., 1995). Pearson et al. (2004) observed no benefit of dietary
supplementation with vitamin E in adults with mild to moderate asthma. Controlled studies
in humans, on both healthy subjects (Chatham et al, 1987; Samet et al., 2001) and
individuals with asthma (Trenga et al.,, 2001), have also suggested that antioxidant
supplementation (vitamin C and vitamin E) may protect against the acute effects of ozone
on lung functioning. Supplementation with antioxidants might modulate the impact of
ozone exposure on the small airways of children with moderate to severe asthma (Romieu et
al., 2002). Vitamin A supplementation early in life was not associated with a decreased risk
of asthma in an area with chronic vitamin A deficiency (Checkley et al., 2011). Diet
supplementation with omega-3 fatty acids, Zn and vitamin C significantly improved asthma
control test, pulmonary function tests and pulmonary inflammatory markers in children
with moderately persistent bronchial asthma either singly or in combination (Biltagi et al.,
2009). Dietary supplementation with vitamins E and C benefits asthmatic adults who are
exposed to air pollutants (Trenga et al., 2001).

4. Conclusion

Prevalence of bronchial asthma increases and represents very serious medical problems.
Bronchial asthma is a complex multifactorial disease in which environmental factors,
oxidative damage and genetic factors are responsible for initiating and modulating the
progression of the disease. Several markers of oxidative damage in plasma, serum, exhaled
breath, and as well as in bronchoalveolar lavage fluid are rising in patients with asthma.
Oxidative damage represents an important factor contributing to the origin and persistence
of airway inflammation in asthmatic subjects. The role of mentioned gene polymorphisms
and many others gene polymorphisms as risk factors for the occurrence of bronchial asthma
is still controversial. We still need new studies for clear determination gene polymorphisms
which are related to asthma. Moreover multiple genotype analyses are necessary as well
because a single gene polymorphism can be without relationship to increased risk of asthma
but the combination of gene polymorphisms may have a significant effect for asthma
development. Oxidative damage plays a significant role in the pathology of bronchial
asthma therefore this process may represent a potential target of the therapy in asthmatic
patients. In summary bronchial asthma is a no single disease; it is an umbrella of diseases
associated with increased oxidative stress followed by an accumulation of oxidative
damage.
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1. Introduction

Upper respiratory tract infection (URTI) is an acute infection involving nose, paranasal
sinuses, pharynx, larynx, trachea, and bronchi. It is one of the commonest infectious disease
affecting people of all age groups particularly children. In most of the cases it is of viral
origin. Viruses like myxovirus, paramyxovirus, adenovirus, picornavirus, and coronavirus
groups are some of the common viruses that cause cold and similar upper respiratory tract
illnesses in adults (Hamre and Connelly, 1966; Mims et al., 1998). URTI are frequent as there
are large numbers of different causative viruses and also re-infections may occur with the
same type of virus because of its ability for antigenic drift/shift.

There are many different antigenic types in these viruses and new strains/immunotypes are
being discovered newly especially in coronavirus group. With the use of currently available
methods of detection, the cause of approximately one third to one fourth of colds in adults
remains unknown (Makela et al., 1998). Some illnesses may be undiagnosed because of the
low sensitivity of diagnostic methods currently in use for detection of known viruses
(Monto, 1997).

The respiratory viruses have a worldwide distribution. An URTI epidemic usually tends to
occur during rainy season in the tropics and colder months in the temperate regions. Some
viruses have their own seasonality viz. rhinovirus infection has its peak in the autumn and
coronaviruses in the winter. Apart from climate variation, relative humidity plays a vital
role in survival of the viruses. Enveloped viruses survive better than non-enveloped virus in
a low relative humidity (Gwaltney 1984).

The main reservoir of respiratory viruses is the upper airway in young children. Spread of
URTI is most common in an enclosed surrounding like home, schools and daycare centers
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(Frenck RW, Glezen, 1990). The mechanisms for the spread of URTI viruses have not been
well established but possibly occur by direct contact with infectious secretions on skin and
environmental surfaces or contact with airborne droplet/droplet nuclei of respiratory
secretions suspended in the environment or its combinations. For some viruses, such as
rhinovirus and RSV, physical contact is necessary for efficient spread. Respiratory viruses
are produced primarily in the nose and are shed in highest concentrations in nasal
secretions. Effective spread is achieved when these viruses are present in hands of
adults/children (Gwaltney, 1980).

Bacterial origin of URTI is less common involving etiological agents such as beta-hemolytic
streptococci, Corynebacterium diphtheriae, Streptococcus pneumoniae, Haemophilus influenzae and
Moraxella catarrhalis (Richard and Garibaldi, 1985).

2. Pathophysiology of RSV

Respiratory syncytial virus (RSV) is an enveloped single-stranded RNA virus belonging to
family Paramyxoviridae (genus Preumovirus) and is related to the parainfluenza, mumps
and measles virus. RSV is a highly infectious, ubiquitous and is one of the most contagious
human pathogens, comparable to measles virus. The RSV outbreak was first documented in
1964 in a neonatal intensive care unit (Berkovich, 1964). RSV is a significant cause of acute
upper respiratory tract disease in individuals of all ages occurring both in normal and
immunocompromised individuals (Hall et al., 2001).

Globally, the World Health Organization (WHO, 2009) estimates that RSV causes 64 million
infections and 160,000 deaths annually. Approximately two-thirds of infants are infected
with RSV during the first year of life, and 90% have been infected one or more times by 2
years of age (Karron et al., 1999). RSV infects patients earlier in life with greater
consequences than other respiratory viruses. Rhinoviruses, influenza viruses, parainfluenza
virus commonly infect children <6 months of age but RSV causes more frequent and severe
infections because of their small size and narrow airways which is susceptible to
obstruction. The ability to infect infants very early in life increases the impact of RSV.

The risk factors for severe RSV (Welliver, 2003)

e young age (<6 months)

e  premature birth (<35 weeks of gestation)

e  bronchopulmonary dysplasia

e  congenital heart disease

¢ immunodeficiency or immunosuppression

e lowbirth weight

e low titer of RSV-specific serum antibodies

e old age increased exposure to infection in day care center, hospitalization, multiple
siblings

e genetic predisposition (family history of asthma, genetic polymorphisms in genes
encoding cytokines, chemokines)

The two major strains of RSV are A and B. The A strain is responsible for the majority of
more severe forms of RSV bronchiolitis (Martinello et al, 2002; Walsh et al, 1997). Martinello
et al. (2002) found that a subgroup of the A strain (GA3) was associated with more severe
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disease. It is also important to know that the different strains of RSV often circulate at the
same time, and season-to-season variation is found in the predominant strain (American
Academy of Pediatrics [AAP], 2003; Martinello et al., 2002).

The virus is shed in nasopharyngeal secretions; infected patients can shed the virus for up to
21 days. The portal of entry of the virus is through the mucosal surfaces of the mouth, nose,
and conjunctivae. The virus replicates in the nasopharynx with an incubation period of 2 to
8 days with replication cycle (in vitro) of 30 to 48 hours. G protein on the viral envelope
mediates attachment of the virus to the superficial cells of the respiratory epithelium
including type 1 pneumocytes in the alveoli which are major targets of infection in the lower
airway and non-ciliated epithelium and intraepithelial dendritic cells (Beeler and van Wyke
Coelingh, 1989)

RSV invades the bronchiolar epithelial cells causing inflammation and edema. The
membranes of the infected cells fuse with adjacent cells to form a large, multinucleated cell
creating large masses of cells or "syncytia" (McIntosh, 2000; Wong et al., 2003) formation due
to F (fusion) viral envelope glycoprotein which facilitates URTI to spread to lower
respiratory tract. There may be occasional proliferation of the bronchiolar epithelium,
infiltrates of monocytes and T cells centered on bronchiolar and pulmonary arterioles, and
neutrophils between vascular structures and small airways. Infection and tissue damage are
patchy rather than diffuse. There are abundant signs of airway obstruction due to sloughing
of epithelial cells, mucus secretion, and accumulated immune cells (Levine et al., 1987).

RSV URTI symptoms include coryza, cough, wheezing, low-grade fever (< 101°F), and
loss of appetite. Symptoms of LTRI are common evenin infants with mild disease. Clinical
symptoms of bronchiolitis include increased airway resistance, air trapping, and
wheezing.

Coryza (the prominent symptom) is the inflammation of the mucous membranes lining the
nasal cavity which causes nasal congestion and anosmia. The 3 stages of coryza are;

¢  Dry Prodromal Stage (initial phase): nasal drying and irritation, low-grade fever, chills,
general malaise, anorexia

e Catarrhal Stage (second stage): watery clear rhinorrhea, congestion, lacrimation,
worsening of constitutional symptoms

e Mucous Stage: thickened rhinorrhea (greenish and foul smelling if secondarily
infected), improved constitutional symptoms

Reinfection with RSV occurs at all ages; however, with recurrent infection and increasing
age, RSV infections are more limited to the URT. RSV URTI is more severe in nature than the
URTI caused by other common cold viruses. RSV can re-infect throughout life without
considerable antigenic change in sharp contrast with the ability of influenza A virus
requiring antigenic drift or shift (Falsey et al., 2005).

An uncomplicated URTI can also progress to complicated lower respiratory tract infection
(LRTTI). The pathogenesis of RSV-induced airway inflammation and hyperreactivity remain
largely unknown. There is mounting evidence suggesting that young children who contract
RSV infection are more likely to suffer from long-term respiratory complications like
reactive airway disease later in life (Shaheen, 1995). It is also observed that severe infantile
RSV and influenza virus LRT are characterized by inadequate adaptive immune responses.
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There is no effective therapeutic option currently available for the management of acute and
chronic clinical manifestations of RSV.

3. Treatment of acute URTI

Common cold is a self limiting illness and can resolve spontaneously. It has been rightly
told that “treated cold lasts for 1 week and the untreated lasts for seven days”. The
treatment of common cold is directed for alleviating the symptoms associated with it and
the infection can be taken care by body’s own immunity

Acute rhinosinusitis is most often associated with common cold and can be treated by a first
generation antihistamine and a decongestant like pseudoephedrine. Similarly acute cough
associated with common cold may be resolved by first generation antihistamine like
diphenhydramine and chlorpheniramine along with decongestants (Chest 2006). Patients
suffering from common cold are reluctant to take first generation antihistamines because of
fear of drowsiness and absence from their work and can be treated by second generation
antihistamine like cetirizine or loratadine for relief of symptoms of rhinosinusitis and acute
cough. Cough usually occurs due to viral inflammation of the throat and can also be
managed by simple home remedies like warm saline gargling and taking honey which can
reduce symptoms and improve sleep particularly in children. Other drugs which can be
prescribed for cough are dexomethorphan and codeine but these drugs can cause
drowsiness and constipation respectively.

Over the counter preparations for cough and cold has limited efficacy in relieving cough
due to URTI (Braman 2006). They may have undesirable side effects like allergic reactions,
sleep disturbances, hallucinations particularly in children and therefore they should be
avoided in children. Rest is an important factor for treating URTI but usual activities such as
working and light exercise may be advised as much as tolerated (Siamak, 2011). Increased
intake of oral fluids is also encouraged to sustain the fluid loss from running nose, fever and
poor appetite associated with URTI. (Siamak, 2011)

Other medications which can be helpful in relieving the symptoms of common cold (acute
URTI) are as follows

e  Acetaminophen or Paracetamol - It is a safe drug to be used in both adults and children
to reduce fever and body ache which are often associated with acute URTI

e NSAIDs - Non Steroidal Anti Inflammatory Drugs like ibuprofen can be used for fever
and body ache

¢ Nasal secretions can be reduced by using nasal ipratropium (topical)

e Many cough medications like dextromethorphan, guaifenesin and codeine are also
commercially available and can be used to relieve cough, if it is not reduced by saline
gargling or antihistamines and decongestants. However, these medications can cause
drowsiness and codeine can cause constipation.

¢  Oxymetazolin nasal drops can be used to reduce nasal stuffiness but for a short period.
It can cause after congestion. Very young children and infants may be relieved from
nasal stuffiness by saline drops instilled into both the nostrils.

e  Other groups of drugs indicated are bronchodilators like short acting Pragonists and
ipratropium bromide administered by metered dose inhaler (MDIs) which help reduce
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mucous in lungs and relax smooth muscles of large and medium bronchi, if URTI is
associated with wheeze and bronchospasm.

Antibiotics are not advised if the patient is otherwise healthy because the immune system
can clear the viral infection. No benefit has been demonstrated in terms of overall
improvement from the use of antibiotics compared to placebo in patients with acute URTL
(Arroll et al., 2008).

Treatment with antibiotics neither shortens the duration of illness nor prevents bacterial
rhinosinusitis and patients with purulent green or yellow secretions do not get benefit from
antibiotic treatment (Gonzales et al., 2001)

The following complications may need a course of antibiotics

e Acute bacterial rhinosinusitis - Acute bacterial rhinosinusitis may develop in only 2% of
cases (Hickner et al., 2001). Bacterial sinusitis may be present if symptoms persist for
more than 7 days and pus is localized to the maxillary sinus (Hansen et al.,, 1995).
Patients with mild symptoms need only symptomatic treatment with topical and oral
decongestants. Patients with moderate or severe symptoms may be benefited by the use
of narrow spectrum antibiotic like amoxicillin which can cover Streptococcus pneumoniae
and Hemophilus influenzae. Alternatively Amoxicillin-clavalunic acid combination, third
generation cephalosporins and for penicillin allergy, cotrimoxazole and extended
spectrum macrolide or respiratory fluroquinolone may be considered if no
improvement or worsening of symptoms after 72 hours.

e Pharyngitis may occur due to infection by group A beta hemolytic streptococci
(GABHS) and routine respiratory viruses. Antibiotics are indicated if the symptoms
persist for more than 7 days or there is increased severity particularly with GABHS
infection manifested by sore throat, fever, head ache, tonsilopharyngeal erythema and
exudates, palatal petecheae and anterior cervical lymphadenopathy and absence of
cough (Cooper et al.,, 2001). The diagnosis of GABHS may be confirmed by throat
culture and rapid antigen testing before using antibiotics.

First line therapy includes penicillin V or benzathine penicillin G
Alternative therapy may be instituted by amoxicillin, oral cephalosporins and
erythromycin incase of patients allergic to penicillin.

Duration of treatment with suitable antibiotics is usually 10 days and the treatment
guideline is same for adult as well as pediatric patients.

e  Otitis media in children - another indication for the use of antibiotics complicating
URTL In case of non severe illness, high dose of amoxicillin is the first line therapy. If
this treatment fails, the combination of amoxycillin and clavulanic acid in high doses
may be tried. Alternative therapy includes oral third generation cephalosporins and in
penicillin allergic patients macrolides. Bacterial agents complicating URTI with

e Acute bronchitis - Bacterial agents complicating are Bordetella pertussis, Mycoplasma
pneumoniae and Chlamydia pneumoniae. Uncomplicated acute bacterial bronchitis does
not need treatment with antibiotics even if the patient complains of purulent sputum.
95% of patients with purulent sputum do not have pneumonia (Diehr et al., 1984). The
evaluation and treatment of the patient should be focused on excluding severe illness
particularly pneumonia (Metlay et al., 1997). Treatment with antibiotics is reserved for
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patients having acute bacterial exacerbation of chronic bronchitis and COPD most often
in smokers. Antibiotics preferred in this group are amoxicillin, cotrimoxazole or
doxycycline. In case of B. pertussis, C. pneumoniae and M. pneumoniae erythromycin or
doxycycline can be given. (Smucny et al., 2004).

In children less than 8 years suffering from acute bronchitis and presenting with
prolonged unimproving cough lasting for more than 14 days and after exclusion of
pneumonia, macrolides may be preferred but for older children tetracyclines are
preferable. Bronchiolitis or non specific URTI characterized by sore throat, sneezing,
mild cough, fever less than 102°F for less than 3days, rhinorrhea, nasal congestion, self
limited typically 5-14days needs only symptomatic treatment with adequate fluid
intake, rest and humidifier.

URTI arising due to influenza and RSV needs special mention. The diagnosis of influenza
may be done by abrupt onset of fever, myalgias, headache, rhinitis, severe malaise, non
productive cough and sore throat. The mainstay of treatment is supportive care to relieve
symptoms. But antiviral drugs like oseltamivir and zanamavir can decrease the duration of
illness if administered within first 36hours of onset of illness (Montalto et al., 2000)

Recently a number of studies have established RSV as a potential pathogen in certain adult
population, particularly very elderly with underlying cardiopulmonary disease and
immunocompromised individuals. But the disease remains undiagnosed in many situations
because diagnosis is difficult during acute illness. Antibiotics may be used in selected RSV
infected persons having bacterial pathogens isolated from their sputum. At present
aerosolized ribavarin is the only approved treatment for RSV infection (AHRQ 2003, Falsy
and Walsh 2000). But the use of ribavarin is controversial in case of infants and is indicated
only in high risk patients. Two immunoglobulin preparations i.e., polyclonal high titred
RSV immunoglobulin and a humanized F-specific monoclonal antibody can be used along
with ribavarin. The treatment must be instituted promptly at the onset of the illness to
effectively inhibit the replication of the virus. (Malhotra and Krilov 2000). But regular and
wide spread use of immunoglobulins is not encouraging due to their high cost of each
monthly dose and only high risk infants can get benefits from prophylactic treatment
(Cooper , 2011).

Development of RSV vaccine has been unsuccessful and previously developed vaccine
using inactivated whole virus caused infection in infants. Recently it was understood that
RSV can invade or even alter immune system. Therefore, better understanding of the
immunological role of the virus and development of either immunomodulatory drugs or a
vaccine remains the challenge for the future for the effective prevention or treatment of RSV
infection (Sorrentino et al., 2000).

4. A new strategy of management: Inmunomodulation

With the traditional knowledge available in the literature of the Siddha system of medicine
(an ancient system of complementary medical practice in India) and the intense research on
medicinal herbs done at Dr JRK Siddha Research and Pharmaceuticals Pvt Ltd, Chennai,
India, a unique polyherbal formulation (trade named as SIVA syrup) was made with the
following herbs.
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Indigofera aspalathoides
Celastrus paniculates
Corallocarpus epigaeus
Solanum trilobatum
Wrightia tinctoria
Bacoba monnieri

Piper longum

Piper nigrum

Zingiber officinale
Tinospora cordifolia
Leucas aspera

Piper betle

5. Plant details

Indigofera aspalathoides Vahl ex DC. (Papilionaceae)

Vernacular names: Tamil - Shiva malli, shivanarvembu.

Habit - Undershrubs, leaves digitately compound, flowers red, pods straight, turgid.
Distribution - South India, Sri Lanka.

Uses - Leaves, flower and tender shoots demulscent; their decoction used in cancerous
lesions and leprosy. Leaves also applied in abscesses.

Celastrus paniculatus Willd. (Celastraceae)
Vernacular names: Sanskrit - Jyothismathi; Tamil - Vaaluluvai.

Habit - Scandent shrubs with lenticellate branches. Leaves crenate-serrate. Flowers yellow
or greenish-white, in terminal panicles. Capsules sub-globose, yellow with scarlet fleshy aril
closing the seeds.

Distribution - South Asia to Australia.

Uses - Bark - Abortifacient. Seeds tonic and aphrodisiac. Seed oil used as nerve stimulant
and brain tonic; also used in rheumatic pain.

Chemical constituents - Plant contain sesquiterpene ester malkanguniol, malkangunin,
celapanine, etc. and alkaloids celastrine and paniculatine.

Corallocarpus epigaeus (Rottl. ex Willd.) Cl. (Cucurbitaceae)
Vernacular names: Sanskrit - Shukanaasa; Tamil - Agasagarudan.

Habit - Prostrate or climbing herb with tuberous roots. Leaves sub-orbicular. Flowers
unisexual; female flowers usually solitary. Fruits ellipsoid, pulpy; seeds with a reddish
margin.

Distribution - Tropics.

Uses - Roots used in chronic mucous enteritis and dysentery. It is also used as liniments for
rheumatism.
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Chemical constituents - Roots contains bitter principle bryonin.
Solanum trilobatum Linn. (Solanaceae)
Vernacular names: Sanskrit - ; Tamil - Thoothuvalai.

Habit - Much branched spiny scandent shrubs. Leaves deltoid or triangular, irregularly
lobed. Flower purplish blue, in cymes. Berry globose, red or scarlet.

Distribution - Peninsular India and Malaysia.

Uses - Roots used for consumption in the form of electuary, decoction or powder. Berries
and flowers used to relief cough.

Chemical constituents - Fruits and leaves contains alkaloid solasodine.
Wrightia tinctoria (Roxb.) R.Br. (Apocynaceae)
Vernacular names: Sanskrit - Svetakutaja; Tamil - Vetpalai.

Habit - Small deciduous tree with light grey, smooth, scaly bark. Leaves elliptic-lanceolate.
Flowers fragrant white, in lax, dichotomously branched terminal cymes. Follicle cylindrical,
acute, cohering when young.

Distribution - India, Sri Lanka.

Uses - Bark and seeds used in flatulence and bilious troubles. Seed aphrodisiac and
anthelmintic.

Chemical constituents - Bark contains -sitosterol, a- amyrin and its acetate and lupeol.
Bacopa monnieri (L.) Penn. (Scrophulariaceae)
Vernacular names: Sanskrit - Brahmi; Tamil - Neerbrahmi.

Habit - Decumbent or creeping herbs rooting at nodes. Flowers solitary, bluish or
pinkish.

Distribution - Almost all districts in Tamilnadu, India and tropics.
Uses - used in epilepsy, insanity and other nervous diseases.

Chemical constituents - Plant contains nicotine, luteolin bacogenin Al, A2, A3, betulinic
acid, bacoside A, A3, B & B-sitosterol.

Piper longum Linn. (Piperaceae)
Vernacular names: Sanskrit - Pippali; Tamil - Thippili.

Habit - Aromatic climbers with stout roots; stem jointed. Leaves ovate, cordate. Spikes
cylindrical, peduncled. Fruits ovoid, yellowish-orange.

Distribution - India, cultivated in many places.

Uses - Roots and fruits used in respiratory tract diseases, as a counter irritant and analgesic
for muscular pains and inflammations; as snuff in coma.
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Chemical constituents - Roots contains alkaloids - piperlongumine, piperlonguminine,
piperine, sesamine, piperolactum A & B. fruits yiels essential oil contains piperidine
alkaloids, piperononaline, piperundecalidine etc.

Piper nigrum Linn. (Piperaceae)
Vernacular names: Sanskrit - Maricha; Tamil - Milagu.

Habit - Much branched climbing shrub rooting at nodes. Leaves entire, cordate. Flowers
minute in spikes. Fruit ovoid or globose, bright red when ripe.

Distribution - south - west India, largely cultivated.

Uses - fruits used in fever, anaemia, cough, diarrhoea, as stimulant, in weakness due to
fever, as a stomachic, and malaria. Externally applied as rubefacient for sore throat, piles.

Chemical constituents - Stem contains sesquisabinene , piperine, hentriacontane,
[-sitosterol. Fruits contains piperine, oleoresin and volatile oil.

Zingiber officinale Rosc. (Zingiberaceae)
Vernacular names: Sanskrit - Sunthi; Tamil - Inji.

Habit - Slender aromatic rhizomatous herbs with leafy stem. Leaves linear-lanceolate,
distichous, subsessile. Flowers greenish-yellow with dark purple or purplish black tip, in
spikes.

Distribution - Extensively cultivated in many places all over the world.
Uses - Carminative and stimulant and also given in flatulence and colic.

Chemical constituents - Rhizomes contains diarylheptanoids, essential oil, zingiberene,
zingiberenol, sesqui-thujene, cumene, myrcene, limonene, gingerol, shagoal, zingerone and
paradol.

Tinospora cordifolia (Wild.)Hk.f. & Th. (Menispermaceae)
Vernacular names: Sanskrit - Guduchi; Tamil - Seenthilkodi.

Habit - Large climbing shrubs; bark greyish-brown or creamy-white, warty. Leaves
membranous broadly ovate, cordate at base. Flowers greenish-yellow, appearing when the
plant is leafless, in axillary and terminal racemes or panicles. Drupe ovoid, shining,
succulent, light red when ripe.

Distribution - India, Srilanka.

Uses - Stem is an ingredient of several ayurvedic preparations used in general debility,
dyspepsia, fever and urinary diseases. Leaf decoction given in gout.

Chemical constituents -Plant containe quaternary alkaloids - magnoflorine, tembestarine
and isoquinoline alkaloid - jatrorrizine, furanoid diterpene, clerodane, tinosporidine,
tinosporoside etc.

Leucas aspera (Wild.) Link (Lamiaceae)
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Vernacular names: Sanskrit - Dronapushpi; Tamil - Thumbai.

Habit - Erect herbs with diffuse quadrangular branches. Leaves linear-lanceolate. Flowers
white, in verticils. Nutlets oblong.

Distribution - India and Malaysia.

Uses - Juice of leaves applied externally in psoriasis, chronic skin eruptions and painful
swellings. Flowers given with honey in coughs and cold.

Chemical constituents - plant contains sterol, alkaloids, galactose, oleanolic acid, ursolic
acid etc.

Piper betle Linn. (Piperaceae)
Vernacular names: Sanskrit - Tambulavalli; Tamil - Vettrilai.

Habit - woody climber with adventitious roots. Leaves broadly ovate, slightly cordate and
often obliqual at base. Male flowers in dense spike; female spikes pendulous. Fruits black in
the fleshy spike.

Distribution - Native of Malaysia, cultivated in india.

Uses - decoction of leaves used for healing wounds. Roots with black pepper used to
produce sterility in woman. Leaves yield essential oil which is used in repiratory catarrh
and diphtheria, also as a carminative.

Chemical constituents - Leaves contains iodine, vitamin B, essential oil contains -
chavibetol, chavibetol acetate, caryophyllene, allylpyrocatechol, camphene, eugenol etc.

These plants possess properties to modulate the immune system by induction, expression,
amplification or inhibition of any part or phase of the immune response. Plants like Solanum
trilobatum, Wrightia tinctoria, Tinospora cordifolia and Leucas aspera has been extensively used
in Siddha preparations. Crude extracts of these plants possess wide range of properties like
increase in total WBC count, boosting the phagocytic index of macrophages, polyclonal B
cell activation, increase secretion of Interleukin-1 and tumor necrosis factor (TNF).
Immunomodulation through plants provide inexpensive, safe, viable and natural means of
seeking an effective alternate treatment.

6. Study methods
6.1 Virus preparation and assay

High-titer stocks of RSV were prepared on HEp2 cell monolayers. Virus titers were
determined by plaque assay on STAT1_/_ mouse fibroblasts. Equivalent number of
plaques was counted on STAT1_/_ fibroblast and HEp2 monolayers, but they appeared
much more rapidly on the knockout murine cells: 36 h versus 5 days, respectively (Gitiban
et al, 2005).

6.2 Study animals and infection

Juvenile chinchillas (Chinchilla lanigera) 3 months of age and weighing 300 to 350 g, were
used. Male and female BALB/c mice were also used for the study. Mice were infected i.n.
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following methodologies that were developed to deliver an inoculum specifically to the
upper airway using a very small volume (Johnson et al., 1996, Visweswaraiah et al., 2002).
Briefly, each mouse was mildly anesthetized, placed in a supine position, and given 103 PFU
of RSV in a 20-pl volume. Two microliters per naris were delivered at 0, 2, 7, 9, and 11 min.
Chinchillas were also inoculated in. with RSV, again delivered specifically to the upper
airway. The dosages (in total PFU delivered), 10° were administered by passive inhalation of
droplets of viral suspension delivered to the nares of chinchillas that were lightly
anesthetized with xylazine (2mg/kg of body weight) and were lying in a prone position.
(Gitiban et al, 2005).

6.3 Treatment with polyherbal formulation

The feed and water were provided to the animals ad libitum. The animals were grouped into
two groups of 3 animals each as polyherbal formulation treated and non treated control.
However, both groups were infected with RSV. The animals were infected only after 10 days
of treatment with polyherbal formulation. After 5 days of infection, the animals from both
groups were euthanized and the visceral regions were examined to assess the rate of
infection.

6.4 Lavages and recovery of tissues for quantitative viral
culture

RSV-infected mice under treatment and control groups were sacrificed at various time
points by CO, inhalation. For virus titration, lungs and nasal mucosa were immediately
frozen in liquid nitrogen. Prior to plaque assay, tissues were weighed and homogenized in 1
ml phosphate-buffered saline (PBS). Tissue homogenates were assayed as described above
(Gitiban et al, 2005).

6.5 Serum neutralization assay

RSV (500 PFU/ml) was mixed with serial dilutions of chinchilla serum and incubated at
room temperature for 30 min. These mixtures (100pl) were used to inoculate confluent
monolayers of mouse STAT1_/_ fibroblast cells grown in 24-well plates. After 1-h
incubation at 37°C, infected cells were washed and fed with growth medium plus 0.5%
methylcellulose. After 2 days, plates were stained with crystal violet and plaques counted.
The neutralizing titer was defined as the serum dilution that resulted in
50% reduction in plaque number compared to controls that had no serum (Gitiban et al,
2005).

7. Histology study

Sections through the NP of mice were obtained following formalin fixation and
decalcification. For immunohistochemistry, sections were blocked with a Vector
Avidin/Biotin blocking kit. Sections were visualized using a biotinylated mouse anti-goat
secondary antibody, streptavidin-horseradish peroxidase, the chromogen AEC and a
hematoxylin counterstaining.



190 Respiratory Diseases

8. Predisposition of Chinchilla to infection of the upper airway with
RSV following i.n. challenge

A dose-effect was clearly detectable in chinchillas inoculated with increasing doses of RSV.
At the lower dosages assayed, no signs of illness were noted at any time of post challenge.
Conversely, animals that received higher dosages of the virus without polyherbal
formulation treatment showed signs of acute respiratory tract infection. The symptoms of
viral infection like ruffling of fur and lethargic behavior were observed by day 3-4 after
challenge in all the animals that did not receive pre-treatment with polyherbal formulation.

In addition, nasal lavage fluids recovered from the RSV-infected chinchillas (control) had an
abnormal yellowish-green tint and was notably turbid. There was no such change observed
in polyherbal formulation treated group of animals. This latter observation is consistent
with histopathological evaluations that showed hypersecretion of mucus into the ET lumen
in tissues recovered from untreated chinchillas; such change was not seen in the case of
polyherbal formulation treated group. Plaque assays conducted with homogenized NP
mucosa and NP lavage fluids indicated that the chinchilla was permissive to RSV infection.
Both NP mucosal tissue homogenates and NP lavage fluid specimens were positive on days
4 and 8 after challenge. Preliminary evidence in support of restriction of viral replication to
the uppermost airway following in. challenge was supported by the absence of viral
plaques when tracheal mucosa and lung tissue recovered 4 days after challenge in the
treatment group even after receiving highest dose of RSV. This clearly indicates that the
polyherbal formulation pretreatment prevent viral multiplication within 4 day of challenge.

9. RSV infection results in goblet cell hyperplasia, hypersecretion of mucus,
and the clear presence of RSV within cells lining the ET

Examination of NP and ET mucosae from control animals showed the presence of mild
inflammation. Periodic acid-Schiff-Alcian Blue staining showed sparse mononuclear
submucosal infiltrate with eosinophils, marked goblet cell hyperplasia with mucus
hypersecretion into the lumen of the ET. However no such abnormalities were observed in
the polyherbal formulation treated animals. The relative abundance of mucus in the ET
lumen, the number of heavily stained goblet cells, and the intensity of staining of
submucosal glands in an RSV-infected chinchilla treated vs untreated with polyherbal
formulation was observed. Clear distinction in the histological findings in the treated and
control group was seen.

10. Conclusion

RSV is the chief cause of most of the upper respiratory infections in human being. The focus
of the present study was to evaluate the immunomodulatory effect of polyherbal
formulation (SIVA syrup) against RSV infection in animal model. Immunomodulatory
potential of medicinal plants have been extensively studied by several researchers. (Benny et
al., 2004; Kripa et al, 2011; Sunila & Kuttan, 2004). We have established the
immunoprotective/immunomodulating effect can be achieved using polyherbal
formulation earlier in our studies (Ranjith et al., 2010). Polyherbal formulation increases the
phagocytosis index to several times over control when tested against murine phagocytes in
vitro (Ranjith et al.,, 2008). Further, the effect of polyherbal formulation on the humoral
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antibody production in animal model by using SRBC as an antigen was also established
(Ranjith, 2009). Candidal infections are quite common when the first line of host’s defence
mechanism get abrogated. Revalidation of the immune protection effect of polyherbal
formulation in preventing experimental candidal infection in animal model was also
confirmed (Ranjith, 2009). Findings of all the above studies clearly suggest that polyherbal
formulation of medicinal plants is a very potent immunomodulator and has a significant
role in the health and well being.

Several compliments have been received from various practitioners of alternative medicines
in India for the role of SIVA in the management of upper respiratory tract infections
especially in children, particularly of viral origin. The present study clearly established that
polyherbal formulation has very specific effect of immune protection against upper
respiratory tract infection caused by RSV in animal model. Comparative viral and
hematological examinations of pretreated and control animals reveal that polyherbal
formulation offers strong protection against RSV infection.

One of the plant compounds in the polyherbal formulation is Indigofera asphalathoides which
is extremely bitter in taste. Most of the bitter principles viz., Azadirachta indica, Phyllanthus
niruri, Terminalia chebula are known to have high antiviral activity. Further the therapeutic
role of the bitter fraction in the bitter-gourd is also well known. The use of the bitter plant -
Indigofera aspalathoides in the traditional drug preparations date back to Siddha era which is
around 2000 BC. In the recent years, modern science has proved the role of bitter principles
and bitter yielding plants have high therapeutic value including antiviral activity.

The exact mode of action of polyherbal formulation on RSV is not clearly understood.
However, the protection of the polyherbal formulation treated group against the RSV
infection could be attributed to its antiviral and immunomodulatory properties of the
constituent medicinal plants in the formulation. A detailed clinical study is inevitable to
substantiate the antiviral and immunomodulatory effect of the polyherbal formulation.
Nevertheless immunomodulation would be the futuristic approach for the management of
upper respiratory viral infections.
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1. Introduction

The importance of RSV is well recognized, especially in the first few months of life. It is the
most prevalent cause of lower respiratory tract infection during infancy causing both
bronchiolitis and pneumonia. The spectrum of RSV illness varies from a mild upper
respiratory infection that is clinically similar to a cold, all the way to respiratory failure and
death from a LRTI. RSV has been demonstrated to cause dual infection both with another
virus as well as not uncommonly being associated with a bacterial infection.

Our appreciation of the variety of patterns of seasonality has improved in the last 10 to 15
years because it is more feasible to confirm the presence of RSV than it was 25 years ago.
Despite this, there are still many issues because most studies, particularly outside the USA
are with small numbers so that assumptions are made when the data is extrapolated to a
larger area. As has been demonstrated with the seasonality in Southeast Florida (see below)
this may result in misleading conclusions.

Seasonality in the majority of areas in the USA is predictable and follows a similar pattern
that is repeated fairly consistently and also is similar in temperate areas around the world.
The RSV season in these areas starts in the fall (autumn) and tends to last 4-5 months into
the winter. This pattern is evident in both Northern and Southern hemispheres. Various
factors impact the seasonality of RSV in other communities and geographic and climactic
differences likely are the reason for some of these differences.

Early onset LRTI caused by RSV has also been implicated in the development of disorders of
wheezing in children including allergic asthma.

Morbidity and mortality as a result of RSV is a complicated subject because of a multiplicity
of issues. This is especially so in the developing countries as well as the impact on the
population over 65 years of age.

2. Impact of RSV

At one year of age approximately 69% of infants will demonstrate serologic evidence of RSV
infection and by 2 years almost all infants will have been infected [1], of whom 50% will have
been infected twice [2]. Repeat infections are common throughout life as there are multiple
serologic forms and immunity is short-lived. Subsequent infections tend to be milder [1].
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During the first year of life approximately 22% of infants are diagnosed with a lower
respiratory tract infection [1]. Bronchiolitis is the most common cause of hospitalization of
infants, with more than 120,000 cases annually in the USA [3]. It is impossible to document
how many of these are truly a result of RSV infection because the etiology is often not
confirmed but more than 50% of the hospitalizations for LRTI are related to RSV [4] and
during the RSV season in some communities up to 90-95% of the hospitalizations are caused
by RSV.

The World Health Organization and the Bill and Melinda Gates Foundation funded a study
to calculate the global incidence of and mortality from episodes of LRTI due to RSV in
children younger than 5 years of age in 2005 [5]. This study was published in the Lancet in
2010. The group performed a systematic review of studies published between January 1995
and June 20009.

The major findings state that in 2005, an estimated 33.8 million new episodes of RSV-
associated LRTI occurred worldwide in children younger than 5 years with a least 3.4
million severe enough to require hospitalization [5].

The estimations were calculated based on the 36 studies reviewed and the locations are
shown in fig. 1. It can be seen from this map that there are many studies in Europe and the
USA but there are large gaps worldwide.
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Fig. 1. Global map with circles (published) and triangles (unpublished) indicating the
locations of the 36 studies.

2.1 Diagnosis of RSV

Respiratory syncytial virus is an enveloped, negative-sense, ssRNA virus that belongs to the
Paramyxoviridae family. The virus has 10 genes that result in the production of 2 separate
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proteins. The RSV attachment (G) protein mediates attachment to the host cell via cell
surface glycosaminoglycans [6]. The fusion (F) protein mediates virus entry by directing the
fusion of the virion envelope with the plasma membrane of the host cell. The F protein has
been demonstrated to activate Toll-like receptor (TLR)4 [7], and human studies have shown
a correlation between the TLR4 receptor and susceptibility to severe RSV-induced
respiratory disease [8].

There are several diagnostic assays that are used to confirm the diagnosis of RSV. The 4
primary methods include virus culture, serology, immunofluorescence antigen detection,
and nucleic acid PCR-based tests. Major hospital laboratories use the IFA/DFA which is
indirect/direct fluorescent antibody assay. This is a rapid test and so is clinically and
practically useful. There are additional tests that can be used in the office or clinic setting
using optical immunoassay, for example the BinaxNOW RSV or Clearview RSV. The most
accurate test is the PCR or polymerase chain reaction. The PCR is being used more widely
because of the accuracy, but it has to be remembered that identification of a particular virus
does not necessarily imply that it is causing disease. Samples are usually collected by swab
from the nasopharynx or by nasal wash.

Other viruses that cause respiratory infections in children include rhinovirus, coronavirus,
adenovirus and parainfluenza and influenza. The identification of viruses causing lower
respiratory infections is further complicated by the presence, uniquely or in combination, of
a number of recently recognized viruses. Most important of these is human
metapneumovirus (hMPV) that has a similar clinical profile to RSV. The two viruses may be
present at the same time but the major differences between RSV and hMPV are that the
latter produces milder disease and later in the season. Co-infection with RSV and hMPV has
been shown to increase the intensive care unit rate of admission.

hMPV was first discovered in 2001 in the Netherlands [9]. Shortly thereafter it was
described in the USA [10]. There is a range of clinical manifestations from mild upper
respiratory symptoms similar to the common cold, to severe pneumonia and respiratory
failure. Presentation is with cough, and fever may be present and wheeze and myalgia
occur.

A more recently identified virus which causes respiratory illness in children is human
bocavirus (HBoV). It was shown to have a prevalence of carriage of 3.1% among children
with lower respiratory infection [11]. A study in San Diego, California [12], which consisted
mainly of hospitalized patients, identified HBoV in 82 children, yielding a prevalence of
5.6% over a continuous 21-month period, with a peak prevalence as high as 14% in the
spring and a virtual absence of activity during the summer months. San Diego has a
temperate, dry climate. This study demonstrated a significant number of infants with
paroxysmal cough which raised the clinical suspicion of pertussis. Additionally they
reported a number of infants also had diarrhea.

2.2 Spread of infection

RSV is a virus that is easily spread from an infected individual, especially by touch and
transfer from hand to mouth, nose or eyes. People who are infected with RSV may transmit
the virus for 3 to 8 days and infants and those with weakened immune systems have the
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potential to be contagious for as long as 4 weeks. Schools, daycare centers and hospitals are
important reservoirs for spreading the virus. In addition to direct contact with infected
secretions the virus can be spread by sneezing or coughing and the virus particles that are
inhaled or spread into the mouth, nose or eyes have the potential to infect. RSV may reside
on hard surfaces for up to 24 hours or even longer.

RSV infection during the first 4 weeks of life is relatively infrequent in healthy term
newborns. Transplacentally derived RSV-specific neutralizing antibody is present in the sera
of newborns. The level of passive antibody in the term newborn is similar to the maternal
level. Preterm infants have less antibody and the earlier the baby is delivered the lesser
antibody is present.

Janssen [13] demonstrated that RSV susceptibility is complex, but that the strongest
associations were with polymorphisms in the genes of the innate immune response. This
included the transcriptional regulator Jun, alpha interferon (IFN-a), nitric oxide synthase,
and the vitamin D receptor. The more recent study of preterm children by the same group
[14] also indicated a critical association with innate immune system genes and bronchiolitis
susceptibility.

The following table (1), shows some of the risk factors for the acquisition and spread of RSV
infection.

Family size

Crowded living conditions

Older siblings in school or day-care

Attendance in day-care

Lack of breast feeding

Exposure to cigarette smoke

Birth in the months prior to the onset of the RSV season
Healthcare workers

Elderly patients in nursing homes

Genetic factors

Table 1. Risk factors for acquiring and spreading RSV.

2.3 Risk of increased severity

There are multiple factors that are associated with more severe disease including the
following list shown in Table 2.

Although prematurity is at the top of this list, there are more full-term cases of RSV
hospitalized because of the number delivered at each gestational age. Family history of
asthma and genetic factors also correlate with more severe RSV disease.

In addition infants in developing countries are at increased risk because of malnutrition and
possibly vitamin deficiency, especially vitamins A and D [15]. It also appears that repeated
infections requiring hospitalization are more common in developing countries.

RSV, influenza virus, adenovirus, human metapneumovirus, parainfluenza virus and
rhinovirus can all cause bronchiolitis, necessitating hospitalization. Second, of these viruses,
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RSV has most commonly been reported to be the main cause of hospitalization due to
bronchiolitis and increased disease severity, followed by rhinovirus and then by influenza
virus. Third, viral coinfection is relatively common, occurring in about 20% of cases.
However, there is no consensus on the effect of coinfection on disease severity. The effect
may depend upon which viruses coinfect together.

Prematurity

Age less than 3 months

Male gender

Low socioeconomic status

Multiple births

Indoor smoke pollution

Malnutrition

Chronic lung disease of infancy (bronchopulmonary dysplasia)
Hemodynamically significant congenital heart disease
Immune deficiency problems especially severe combined
immunodeficiency disorder (SCID) and HIV/AIDS

Severe neuromuscular disorders

Transplant patients

Hematopoietic transplants (bone marrow and stem cell)
Malignancy

Table 2. Factors associated with more severe disease.

3. Influenza

The influenza virus is spread rapidly from person to person. The result may be an influenza
pandemic. A pandemic implies a worldwide epidemic that infects a large proportion of the
total human population. Epidemic patterns of influenza occur most winters. The pandemic
of influenza occurs irregularly. Although the pandemic of 1918 is probably the most well-
known there have been about 3 pandemics in each of the last 3 centuries. The 1918 pandemic
is also known as the Spanish Flu and resulted in an estimated worldwide mortality of
perhaps 30 to 40 million people. Pandemics start when a new strain of the influenza virus is
transmitted from an animal species hence the designation of swine flu and bird (avian) flu in
recent times.

In February 2010 the CDC updated the recommendation for annual influenza shot to all
persons greater than 6 months of age. For persons aged 65 and older the high-dose influenza
vaccine (Fluzone), licensed in 2010, is mentioned as an option for this age group. Despite
this recommendation the number of people who regularly get a flu shot is dismally low
probably around 10%. In undeveloped countries the situation is much worse as there is no
public health infrastructure in place to vaccinate large populations.

In 1997 a new subtype of influenza was found in humans, designated H5N1. This virus had
only previously been described in birds and its effect on chickens led to the label of
“Chicken Ebola”. The population of Hong Kong found out in 1997 that it had the potential
to be just as deadly in humans. The entire poultry population of ducks, geese and chickens
in Hong Kong was destroyed.
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The H1NT1 strain of swine flu demonstrated the unpredictable nature of potential influenza
pandemics in 2009. In the Spanish Flu of 1918 the population that was most threatened by
the virus was not the usual population. Typically, the seasonal flu virus results in significant
mortality to the very young and the very old. The Spanish Flu was more devastating to the
younger adult population. The HIN1 strain also affected a different population with
pregnant patients demonstrating the highest rate of mortality.

3.1 Influenza and RSV

Despite the numbers in the young (infants) and old (greater than 65 years) population we do
not describe infection with RSV as pandemic. There is however, concern that there is
potential for greater numbers of more severe disease with the combination of RSV and
influenza virus. When HIN1 was circulating in 2009, it was noted that there was increased
RSV transmission.

A comparison was made between the impact of seasonal RSV and influenza for young
children locally and nationally [16]. In this study the impact of RSV for children less than 7
years of age was greater than influenza for emergency department visits and
hospitalizations. The study evaluated health care resources and impact for 2 winter seasons
between 2003 and 2005 in the USA. They estimated that 10.2 emergency department visits
per 1000 children were attributable to influenza and 21.5 visits per 1000 to RSV. Children
who were aged 0 to 23 months and infected with RSV had the highest rate of emergency
department visits with 64.4 visits per 1000 children. Significantly more children required
hospitalization as a result of an RSV infection compared with influenza, with calculated
national hospitalization rates of 8.5 and 1.4 per 1000 children, respectively. The total number
of workdays missed yearly by caregivers of children who required ED care was 246,965
days for influenza infections and 716,404 days for RSV infections.

4. RSV and bacterial infection

Much of the early literature relating RSV and bacterial infection considered the non-
respiratory infections. Both otitis media and urinary tract infections were evaluated and the
recommendation made that antibiotics were not routinely needed for RSV infections. In 1998
the etiology of childhood pneumonia was evaluated in children less than 5 years of age by
Heiskanen-Kosma [17] stressing the relationship of RSV and Streptococcus pneumoniae with
community acquired pneumonia. The pulmonary aspect of viral LRTI was addressed by
Hament [18] who discussed the implication that viral infections facilitate bacterial
colonization, adherence and translocation through the epithelial barrier, paving the way for
bacterial disease.

The importance of secondary bacterial infection in children with severe RSV bronchiolitis
was stressed by Thorburn [19]. The group in Liverpool followed 165 children with median
age of 1.6 months admitted to the pediatric intensive care unit. 42.4% of these children, all of
whom required mechanical ventilation, had lower airway secretions that were positive for
bacteria. Laboratory evaluation, including white cell count, neutrophil count and C-reactive
protein, did not distinguish between those who only had RSV and those who had bacterial
infection.
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5. Seasonality

The RSV season is defined in various ways. The season is most often described in the USA
as the week in which 10% of the laboratory tests are positive for RSV. Tests that are referred
for RSV testing from that community will define the season in that community. Some
studies have included a positive rate of only 5% to define the season. An alternative
approach is to define the season as the period in which there are increased hospitalizations
for LRTI especially bronchiolitis. The season usually has a defined onset, from a few or no
cases to multiple cases, and an offset which defines the end of the season.

Most communities with temperate climates have a well-defined season of 3 to 5 months
usually starting in the Northern hemisphere in October or November and continuing until
February or March. It is common for there to be a biennial change from one season to the
next whereby the subsequent season is milder or more severe than the preceding. However,
this is not predictable and the differences may be more related to climactic changes.

5.1 USA

The Center for Disease Control (CDC) in Atlanta Georgia has reported the seasonality of
RSV based on the 10% threshold. The National Respiratory and Enteric Virus Surveillance
System (NREVSS) is a voluntary laboratory-based system that tracks trends in RSV and
other viruses. They reported 4 regions of the United States from July 2, 2004 to December 3,
2005 as shown in Fig. 2. This demonstrates a clear consistent seasonal pattern with onset
between October and December and offset mid-February to April. Of note the South
demonstrated at that time an onset of at least a month ahead of the other 3 regions.
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Fig. 2. RSV season for 4 areas of USA defined by 10% positive for years 2004-2005. From
CDC (NREVSS).
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Clinicians in Florida recognized that the season for RSV was not in the same months as the
data from CDC suggested. In order to define the seasonality in Florida a retrospective
analysis of RSV surveillance data and hospitalizations was conducted for 5 regions of
Florida from 2001 to 2004 [20]. The 5 regions within the State of Florida capture data from
strategically placed laboratories in the southeast, southwest, central, northwest and north
regions. As noted, data from these regions is reported on the Florida Department of Health
website (http://www.doh.state.fl.us/disease_ctrl/epi/RSV /rsv.htm). The onset of the RSV
season for the purpose of this study was when at least 10% of the RSV specimens submitted
were positive during a surveillance week. The majority of the tests were by rapid tests
although the specific number identified by rapid test, culture or PCR is not documented.

The evaluation procedures to define RSV season are based on the reporting from regional
laboratories. Of necessity the validity of the data is dependent upon the number of samples
submitted because if the number is too low then there may be a false positive conclusion.
Also the use of hospitalization data is dependent on the accuracy of the patient discharge
records which forms the basis of most calculations. In previous studies of hospitalization
rates the International Classification of Diseases, 9th revision, clinical modification (ICD-9-
CM) codes are used. These include 466.11 - RSV bronchiolitis, 480.1 - RSV pneumonia, and
079.6 - other RSV. Review of several studies report admission rates of 13 to 40.8 per 1000
children less than 1 year of age. The majority of studies reporting national data range from
22.8 to 27.4 per 1000 births.

Information pertinent to hospitalization in the State of Florida can be obtained from The
Florida Agency for Health Care Administration (AHCA). Regional discharge sets from
AHCA for the years 2001 through 2004 were reviewed for the primary and secondary
discharge diagnosis of RSV lower respiratory illness for patients less than 12 months of age
as well as 12 to less than 24 months of age. The discharge diagnosis of RSV is only
documented if there is a positive test for RSV in the chart. The primary objective of the study
was to compare the RSV seasonal data from the laboratories with the incidence of ICD-9-CM
coded admissions for RSV lower respiratory illness.

The results of this study defined the RSV seasons for the 5 regions in Florida and the percent
monthly positive RSV tests and hospitalizations statewide are shown in Fig. 3. There were
an additional 27,140 hospitalizations caused by unspecified bronchiolitis (ICD-9-CM code
466.19) and unspecified pneumonia (ICD-9-CM code 486) during this same period. It is
likely that a portion of these were also caused by RSV.

The season for RSV varied from year to year and during the period of the study there was
circulation of RSV year round in some years and some regions. The longest season was in
the southeast and the shortest in the north and northwest. The RSV season, on the basis of
positive RSV tests and the hospitalizations for RSV illness are shown for the southeast
region in Fig. 4. This shows the prolonged RSV season and the correlation between positive
tests and hospitalization.

During this 4-year period there were more than 23,000 admissions of children less than 24
months of age of which 20,000 (86%) were less than 12 months of age. There were 23
hospitalizations yearly per 1000 live births. More than 90% of the hospital discharges
occurred during the defined RSV season.
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Fig. 4. RSV test data and hospitalization in southeast Florida.

The impact of Florida is demonstrated on the NREVSS of RSV for July 9 2005 to November
18, 2006 in Fig 5. Unlike the majority of the USA, the onset in Florida was in July, peaking in
October and offset in April. Further evaluation of the Florida data reveals that the major
contributor to the early onset is the tri-county area of Southeast Florida comprising Palm

Beach, Broward and Miami-Dade counties [20].
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The data for July 2008 to June 2009 with 10 regions and the addition of Florida and the
National average are shown in Fig. 6. 238 laboratories from 45 states are included in this
summary which included 404,798 tests of which 60,793 were positive. The national data
showed onset in the first week of November, continuing for 20 weeks. When the data from
Florida is excluded the national RSV season began 2 weeks later. These findings support the
position that individual communities need to be aware of their data and how it impacts the
onset and duration of the RSV season.
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Weekly updates which show RSV national, regional and state trends are available form the
NREVSS website: http:/ /www.cdc.gov/surveillance/NREVSS.

The most recent data from the USA and from Florida are shown in fig. 7a and 7b
respectively.
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6. Developing countries

The impact of seasonality and mortality in tropical and developing countries was reviewed
in 1998 [18] . This report was the first of many reviews that have scrutinized the literature to
demonstrate the extent of RSV in a global sense. They found that RSV was the predominant
viral cause of LRTI in childhood being responsible for 27-96% of hospitalized cases (mean
65%) in which a virus was found. Further that 39% of hospital patients with RSV were under
6 months of age.

They identified community studies and hospital-based studies. The community based
studies, ranging from 1963 to 1989 reported RSV positivity by culture and
immunofluorescence. The greatest number of patients studied was from India with less than
10% of the samples positive for RSV. The highest rates of positive RSV culture were from
South America and the Phillipines.

The hospital-based studies that they reviewed also demonstrated RSV by culture and
immunofluorescence. The studies were from South America, Asia and Africa from 1972 to
1990 with very variable rates of positivity to RSV. Of the samples tested that demonstrated a
virus, RSV contributed an average of 65% of the positive results (range 27-96%).

Trying to demonstrate rates of LRTI was difficult with the paucity of data available at that
time. The reported incidence varied from 10/1,000 children under one year hospitalized in
Israel to 198/1000 child years from birth to 18 months in a study from Colombia.

In tropical and subtropical climates with seasonal rainfall, the outbreaks of RSV were more
associated with the rainy season rather than the cold season. They found that the peak of the
RSV season occurred one to two months after the onset of the rains [21 ].

In temperate climates, as well as Mediterranean and desert climates, the RSV season
corresponds to the cold season.

In Singapore, the seasonal trends of viral respiratory infections were reviewed by Chew [22].
They reviewed the viral isolates from 1990 to 1994 and 3904 positive viral reports. RSV was
the most dominant with 72% of the total. The RSV trends were associated with higher
environmental temperature, lower relative humidity and higher maximal day-to-day
temperature variation. There was a definite season noted related to these climate features.
Although the influenza A outbreaks were not associated with meteorological factors,
influenza B isolates were positively associated with rainfall.

A larger study from Malaysia [23] included 5691 children less than 24 months hospitalized
with LRTI between 1982 and 1997. The RSV season showed a seasonal pattern with peaks in
the months of November, December and January. The rate of RSV infection appeared to
correlate with the number of rain days and inversely with the monthly mean temperature.

7. Variability of seasons

The differences in reported incidence of RSV infection are of necessity difficult to elucidate
because of the multiplicity of factors that impact the incidence.

Various studies provide information that help to evaluate the overall picture. Brazil is a
tropical and subtropical country and the RSV season peaks in the fall (autumn) and extends
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into the winter with a corresponding increase in hospital admissions for lower respiratory
illnesses. This study [24] showed that in 1995-1996 RSV was the most prominent virus
causing severe lower respiratory disease including bronchiolitis and pneumonia. It was
found in 41.8% of the cohort. A further study in the same area [25] performed indirect
immuofluorescent assay and demonstrated that RSV contributed 73% of the viruses that
were identified in the population less than 5 years of age admitted for severe respiratory
illness. Although the studies were different in terms of enrollment the point is made that
there is variability in diagnosis of viral infection in the same location at differing time
periods.

8. Climate

Year round prevalence of RSV in the USA has been reported in Florida, Hawaii, Texas and
Alaska. Certainly warm equatorial areas demonstrate a long season of RSV especially if
rainfall persists throughout the year.

To try and explain the climactic differences, this study [26] compared the data at several
large cities which are geographically and climactically diverse. The cities were 1. near
Bethel, Alaska, USA, 2. Mexico City, Mexico, 3. Delhi, India, 4. Miami, Florida, USA, 5.
Houston, Texax, USA, 6. Tucson Arizona, USA, 7. Buffalo, New York, USA 8. Winnipeg,
Canada and 9. Santiago, Chile. The sites were chosen because of their interest in defining
seasonality and climate differences between the communities.

Data concerning mean temperatures, dew point, relative humidity and precipitation was
obtained for the nine cities and is shown in Table 3.

City Lat! Temp? | Dew® | Hum* | Prec’
Mexico 192N | 225 6.3 524 163
City
Miami 258N 242 19.1 56.7 18.0
Florida
Delhi 284N 239 13.9 52 13.5
India
Houston | 54 ¢\ 204 15 495 13.0
Texas
Tueson 321N | 202 1.9 193 25
Arizona
Santiago
ohile 3325 14.4 78 66 03
Buffalo
Now York | 426N 89 32 54 9.7
Winnipeg | g5 14 3.8 715 05
Canada
Bethel
Aok 60.5 N 1.6 3.8 na 04

Latitude, 2Mean temperature, centigrade, 3Dew point *Humidity >Precipitation, mm per week

Table 3. Data concerning climate and humidity for the 9 cities.
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The cities were warm and wet (Miami, Mexico City, Delhi and Houston), warm and dry
(Tucson), cold and wet (Buffalo) and cold and dry (Winnipeg and Bethel). Santiago, Chile is
in the Southern hemisphere with intermediate weather conditions. The relationship of mean
temperature to RSV activity showed that the number of RSV cases increased when the mean
temperature was 24-300C and again when the temperature was in the range 2-60C. In
relation to humidity, RSV activity increased when the mean relative humidity was between
45 and 65% and ultraviolet B radiance was inversely related to the number of RSV cases. The
dewpoint, which indicates relative humidity, correlated significantly with RSV activity.

Published reports from prior studies were discussed in this article [26] by Yusuf and tended
to confirm their findings. In Singapore and Malaysia where temperatures are constant and
rainfall is generally heavy, there is RSV activity throughout the year. In Gambia (West
Africa) and Vellore, (India) it is hot and the rainfall is directly associated with RSV activity.
In Riyadh, which is hot and dry, RSV activity occurs in the winter when there is some
rainfall and lower temperature. In colder climates they further speculate that cold
temperatures are more important than humidity.

Interesting speculation from this article [26] propose that high humidity and stable high
temperatures enable RSV to be sustained well enough in large-particle aerosols to permit
year round transmission of the virus. Onset of drier weather appears to reduce aerosol
transmission of the virus.

9. Management of RSV bronchiolitis

The American Academy of Pediatrics convened a committee and partners to develop an
evidence-based clinical practice guideline with recommendations for diagnosis and
management of first onset RSV bronchiolitis [27].

It can be seen from Table 4 that the management is essentially supportive.

la. Clinicians should diagnose bronchiolitis and assess disease severity on the basis of
history and physical examination. Clinicians should not routinely order laboratory and
radiologic studies for diagnosis (recommendation).

1b. Clinicians should assess risk factors for severe disease such as age less than 12 weeks,
a history of prematurity, underlying cardiopulmonary disease, or immunodeficiency
when making decisions about evaluation and management of children with bronchiolitis
(recommendation).

2a. Bronchodilators should not be used routinely in the management of bronchiolitis
(recommendation).

2b.A carefully monitored trial of s-adrenergic or -adrenergic medication is an option.
Inhaled bronchodilators should be continued only if there is a documented positive
clinical response to the trial using an objective means of evaluation (option).

3. Corticosteroid medications should not be used routinely in the management of
bronchiolitis (recommendation).

4. Ribavirin should not be wused routinely in children with bronchiolitis
(recommendation).

5. Antibacterial medications should only be used in children with bronchiolitis who have
specific indications of the coexistence of a bacterial infection. When present, bacterial
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infection should be treated in the same manner as in the absence of bronchiolitis
(recommendation).

6a. Clinicians should assess hydration and ability to take fluids orally (strong
recommendation).

6b. Chest physiotherapy should not be used routinely in the management of bronchiolitis
(recommendation).

7a. Supplemental oxygen is indicated if SpO, falls persistently below 90% in previously
healthy infants. If the SpO, does persistently fall below 90%, adequate supplemental
oxygen should be used to maintain an SpO, at or above 90%. Oxygen may be
discontinued if SpO; is at or above 90% and the infant is feeding well and has minimal
respiratory distress (option).

7b. As the child's clinical course improves, continuous measurement of SpO, is not
routinely needed (option).

7c. Infants with a known history of hemodynamically significant heart or lung disease
and premature infants require close monitoring as oxygen is being weaned (strong
recommendation).

8a. Clinicians may administer palivizumab prophylaxis for selected infants and children
with CLD or a history of prematurity (less than 35 weeks' gestation) or with congenital
heart disease (recommendation).

8b. When given, prophylaxis with palivizumab should be given in 5 monthly doses,
usually beginning in November or December, at a dose of 15 mg/kg per dose
administered intramuscularly (recommendation).

9a. Hand decontamination is the most important step in preventing nosocomial spread of
RSV. Hands should be decontaminated before and after direct contact with patients, after
contact with inanimate objects in the direct vicinity of the patient, and after removing
gloves (strong recommendation).

9b. Alcohol-based rubs are preferred for hand decontamination. An alternative is hand-
washing with antimicrobial soap (recommendation).

9c. Clinicians should educate personnel and family members on hand sanitation
(recommendation).

10a. Infants should not be exposed to passive smoking (strong recommendation).
10b.Breastfeeding is recommended to decrease a child's risk of having LRTD
(recommendation).

11. Clinicians should inquire about use of CAM (option).

Table 4. Recommendations for diagnosis and management of bronchiolitis

Following the AAP Guideline there has been additional information. A promising new
development is the use of hypertonic saline inhalation. A recent trial of this treatment,
which has been successfully used for patients with cystic fibrosis, reported a reduction of
26% in the length of hospitalization for infants with acute viral bronchiolitis [28].

10. RSV Prevention

The history of development of a vaccine against RSV is complicated. Infants may respond
inadequately because of immunologic immaturity or suppression because of maternal
antibodies. In the 1960’s a formalin inactivated RSV vaccine was studied in infants.
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Unfortunately, not only did it not provide protection, but it also resulted in worse disease in
vaccinated infants. 80% of the study infants were subsequently hospitalized and 2 died
despite the fact that the RSV vaccine was an inactivated virus [29].

Palivizumab is the only FDA approved monoclonal antibody for RSV. It targets the F
(fusion) glycoprotein, inhibiting viral entry into host cells. It was approved following a
randomized, double-blind placebo-controlled trial that was conducted at 139 centers in the
USA, the United Kingdom and Canada during the 1996-1997 RSV season. The patient
population included prematurity (less than 35 weeks gestation) or bronchopulmonary
dysplasia (BPD). They were randomized to receive 5 injections of either palivizumab, 15
mg/kg or a placebo. Children were followed for 150 days and the primary endpoint was
hospitalization with confirmed RSV infection. Palivizumab prophylaxis resulted in a 55%
reduction in hospitalization for RSV (10.6% of the placebo group and 4.8% of the treated
group). Premature infants who did not have BPD had a reduction in hospitalization for RSV
(8.1% placebo, 1.8% palivizumab).

As noted above, the majority of infants admitted with LRTI caused by RSV are full-term.
More severe disease is associated with prematurity, chronic lung disease and congenital
heart disease as major co-morbidities. There continues to be controversy concerning the
optimal recommendations for the prescription of palivizumab. Several studies have been
performed to evaluate the cost effectiveness of prophylaxis with palivizumab. The selection
of infants who qualify for prophylaxis is defined in the Red Book from the Section of
Infectious Diseases of the American Academy of Pediatrics [30]. The most recent iteration of
the Red Book has this update which indicates which infants are eligible for 3 doses of
palivizumab rather than the previously recommended 5 doses (Table 5). The other issue
relates to the onset of the season that indicated the north central and southwest regions of
Florida, onset of RSV occurs in late September to early October. Regions of southeast Florida
have an onset of RSV in July. Children in these communities should receive palivizumab
during the 3-5 months when they will be most likely to need coverage against peak RSV
activity. Children with co-morbidities may require more than 3 or 5 doses because they are
at higher risk for mortality.

Infants Eligible for a Maximum of 5 Doses

Infants younger than 24 months of age with chronic lung disease and requiring medical
therapy

Infants younger than 24 months of age and requiring medical therapy for congenital heart
disease

Preterm infants born at 31 weeks, 6 days of gestation or less

Certain infants with neuromuscular disease or congenital abnormalities of the airways
Infants Eligible for a Maximum of 3 Doses

Preterm infants with gestational age of 32 weeks, 0 days to 34 weeks, 6 days with at least
1 risk factor and born 3 months before or during RSV season.

*Data taken from Table 3.60. Red Book 2009: p.560 [31]

Table 5. Criteria for eligibility for 5 or 3 palivizumab doses.

The difficulty of only permitting 5 doses relates to those infants with chronic lung and
cardiac disease that may be at risk for the first 2 years of life and perhaps even longer. In
southeast Florida the season is longer than 5 months.



Variability of Respiratory Syncytial Virus Seasonality and Mortality 211

Also infants who are at risk for severe RSV who undergo cardiopulmonary bypass and are
receiving palivizumab should receive palivizumab after surgery because the antibody will
be “washed out” during bypass.

Prophylaxis in immunocompromised children has not been studied in randomized
trials. The AAP policy states that these patients may also benefit from prophylaxis, however,
more specific recommendations are not made at this time. Although the Cystic Fibrosis
Foundation has recommended: “for infants with cystic fibrosis (CF) under 2 years of age
that the use of palivizumab be considered for prophylaxis of respiratory syncytial virus”,
the Red Book suggests that “there is insufficient data to determine the effectiveness of
palivizumab use in this patient population. Therefore, a recommendation for routine
prophylaxis in patients with CF cannot be made.”

11. Morbidity and mortality

The relationship between RSV infection in infancy and subsequent development of
wheezing disorders has also been difficult to define. Again, there are probably a multiplicity
of reasons that wheezing is impacted by RSV lower respiratory infection. Stein [32] reported
in the Tucson respiratory study that RSV LRTI was an independent risk factor for wheezing
up to 11 years of age, but not at 13 years. On the other hand Sigurs [33] showed that RSV
infection requiring hospitalization in infancy was a risk factor for allergic asthma in early
adolescence.

11.1 Mortality
Developed countries

In the developed countries the mortality from RSV induced respiratory infection in children
is less than 1%. There are specific conditions that are associated with increased mortality
and these are shown in Table 6 which is similar to Table 2 which showed the population at
risk for severe disease. The first three are most important during infancy, the next group is
important in childhood, and the population over 65 years of age is at risk for morbidity and
mortality. Older children, and adults less than 65 years of age, who have no co-morbid
conditions should not be at risk for severe RSV-associated illness.

Prematurity

Chronic lung disease (bronchopulmonary dysplasia)
Hemodynamically significant congenital cardiac disease
Immune deficiency

Complication of hematopoietic transplantation
Malignancy

Age over 65 years

Table 6. Factors associated with increased mortality.

There is significant mortality from RSV infection in both solid and hematologic transplants.
Bone marrow and stem cell transplant patients are at especially significant risk for the
development of difficult to treat RSV infection.



212 Respiratory Diseases

Intensive care units for newborns and children have lowered the mortality from RSV
associated illness in developed countries to less than 1% of severe RSV LRTI. Children with
significant lung and cardiac disease have reported mortality due to RSV LRTI of
approximately 3% of intensive care admissions and this number continues to improve.
Reported mortality rates of complications of hematopoietic transplant illness secondary to
RSV have approximated 50%.

The paediatric intensive care unit at the Royal Liverpool Children’s Hospital, U.K. admitted
406 RSV positive patients from 1999 to 2007 [34]. Of the deaths that were attributed to RSV,
all of them had pre-existing medical conditions: chromosomal abnormalities 29%, cardiac
lesions 27%, neuromuscular 15%, chronic lung disease 12%, large airway abnormality 9%
and immunodeficiency 9%. Nosocomial and hospital-acquired disease comprised a
significant proportion of morbidity and mortality related to RSV.

11.2 Globally

In 1992 the World Health Organization estimated that one third of the 12.2 million annual
deaths in children under 5 years of age are the result of acute respiratory infections
dominated by RSV, Streptococcus pneumonine and hemophilus influenzae [35]. In developing
countries calculations of mortality rates from lower respiratory tract infection are based on
extrapolations of regional studies. It is difficult to calculate the impact of RSV because there
are additional factors that are involved. Before the introduction of measles vaccination the
measles virus was responsible for considerable morbidity and mortality related to
pulmonary disease. The countries that have strong programs to provide protection against
measles have demonstrated a shift in the etiologies and outcomes of lower respiratory
infections.

Bacterial infection overshadows RSV in developing countries with Streptococcus pneumoniae,
Staphylococcus aureus and Hemophilus influenzae playing major roles in morbidity and
mortality of lower respiratory infections.

The Lancet study, discussed earlier [5], estimated that 66,000 to 199,000 children younger
than 5 years of age died from RSV associated acute lower respiratory infection in 2005 with
99% of these occurring in developing countries.

11.3 Adults

RSV is definitely one of the most important respiratory viruses in children, especially during
the first year of life. Children older than 2 years of age without confounding medical
conditions continue to be reinfected with RSV. The infection usually results in an upper
respiratory infection that is very similar to the common cold. Children who have
hyperactive airways may have wheezing associated with this upper respiratory illness. This
also applies to the healthy adult who ma