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The lungs play a critical role in supplying the
body’s cells with oxygen and in removal of waste
products. The lungs are continually exposed
to inhaled gases, particulates, and airborne
pathogens as a result of daily inhalation of tens of
thousands of liters of air. Despite these expo-
sures, the lower airways are able to remain sterile
due to the remarkable and efficient host defense
systems of the pulmonary mucosal surface. This
surface consists of epithelial cells and other cells,
such as T cells and dendritic cells, that are able to
respond to microbial exposures by activation of
humoral and cell-mediated immune responses
and the production of inflammatory mediators
(i.e., cytokines, chemokines, and antimicrobial
peptides). A breakdown in these host defenses,
especially when the lungs are exposed to highly
virulent organisms or an overwhelming inocu-
lum, can result in an infection of the respiratory
tract. Infections of the lung typically occur by
aspiration of upper airway resident flora, inhala-
tion of aerosolized material, and metastatic
seeding of the lung by infectious agents systemi-
cally. This chapter describes the common viral
causes of respiratory tract infections and the
pulmonary mucosal immunologic response to
common respiratory viruses.

Common Viral Causes of Respiratory
Tract Infections

Many viruses can infect the respiratory tract.
Respiratory viruses target the ciliated respira-

tory epithelium. In most cases, viral infection is
limited to the upper airways; however, infections
of the lower airway regions occur in a significant
number of infected individuals. Worldwide,
approximately 90% of the cases of the “common
cold” are caused by viruses and most are seen in
the winter months. These viruses are spread
from person to person and commonly during
hand-to-hand contact. This chapter focuses on
the common viral causes of respiratory tract
infections: adenovirus, coronavirus including
severe acute respiratory syndrome-associated
coronavirus (SARS-CoV), influenza virus, rhi-
novirus, and respiratory syncytial virus (RSV)
(Table 6.1). This chapter describes the pathogen,
epidemiology, clinical syndromes, pathogenesis,
diagnosis, and treatment of each virus.

Adenovirus

In 1953, adenovirus was discovered after the
removal of adenoids and tonsils from children
yielded a transmissible cytopathic agent after it
was cultured for several weeks (1). Serially passed
epithelial cells produced enlarged rounded cells
with strands connecting each other from 2 to 5
days after infection. Adenovirus has also been
isolated from adenoidal tissues and pulmonary
secretions of adults with respiratory tract symp-
toms of military recruits, and from the eyes
of shipyard workers with conjunctivitis. Aden-
ovirus causes approximately 5% of all upper
respiratory infections in children younger than
5 years and 10% of pneumonias of childhood.
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Table 6.1. Common viral causes of respiratory tract infections

Virus
Adenovirus

Coronavirus
including
SARS-
associated
coronavirus
(SARS-CoV)

Influenza virus

Rhinovirus

Respiratory
syncytial
virus

EIA, enzyme immunoassay; RT-PCR, reverse-transcriptase polymerase chain reaction; SARS, severe acute respiratory syndrome.

Epidemiology

Primary infection
takes place in the
first few years
of life. Seasonal
patterns occur in
winter, spring,
and summer.

Seasonal pattern
occurs in winter
and spring.
SARS-CoV has
first described in
November 2002
in Guangdong
Province of
China causing
>8000 cases
and 800 deaths.

An average attack
rate is 10-20%
but may be as
high as 50% in
the young and
the elderly; 31
pandemics have
occurred. The
1918-1919
pandemic
resulted in 21
million deaths
worldwide.

Primary infection
takes place in
the first few
years of life.
Seasonal pattern
occurs in fall,
spring, and
summer.

Primary infection
takes place in the
first few years of
life. Seasonal
pattern occurs in
the winter and
spring. Risk
factors include
young age, male
sex, and lower
socioeconomic
status.

Clinical syndrome
Bronchiolitis, pneumonia,

pharyngoconjunctival fever,
hemorrhagic cystitis, diarrhea,
central nervous system
disease

Upper and lower respiratory

disease, fever, headache,
chills, mucopurulent nasal
discharge, sore throat, cough,
diarrhea, and neurologic
syndromes; SARS-CoV causes
similar symptoms. SARS-CoV
has an overall case-fatality of
7-17% and up to 50% in
persons with underlying
medical condition or age over
65 years.

Fever, chills, headaches, dry

cough, pharyngeal pain, nasal
obstruction, hoarseness,
myalgia, malaise, anorexia,

and ocular symptoms; myositis,
cardiac complications, toxic
shock syndrome, and central
nervous complications can
occur. A secondary bacterial
infection can complicate
influenza infection.

Nasal, pharyngeal, or lower

respiratory tract involvement;
median duration of
symptoms is 7 days and up
to 2 weeks in 25% of
infected persons.

Bronchiolitis, croup,

tracheobronchitis, and
pneumonia; central nervous
system and cardiovascular
symptoms, and rashes are
uncommon manifestations.

Pathogenesis

Lytic, latent, or
chronic infection
or oncogenic
transformation

SARS-CoV can cause
pulmonary
hyaline
membrane
formation,
interstitial
infiltration, and
desquamation
of pneumocytes.

Hemagglutinin and
neuraminidase
are surface
antigens. M1 and
M2 are integral
membrane
proteins. The
incubation
period is 18 to
72 hours. Diffuse
inflammation of
the upper and
lower respiratory
mucosa.

Incubation period
is 8-10 hours.
Only slight
damage to the
mucosal
epithelium
occurs.

Surface proteins
(F, G) are integral
to pathogenesis.
Infection involves
lymphocytic
peribronchiolar
infiltration,
edema of the
bronchiole
epithelium.
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Diagnosis
Viral isolation,
antigen
detection,

PCR, or
serology

Viral isolation,
antigen
detection,
RT-PCR, or
serology

Viral isolation,
culture in
embryonated
eggs, antigen
detection,
PCR (used in
research
settings), or
serology

Viral isolation
using cell
culture systems
(WI-38, MRC-5
strains, M-HeLA
cells), PCR,
and serology

Viral isolation, EIA
(sensitivity
60-70%,
specificity 90—
95%), RT-PCR
(used in
research
settings), or
serology

Treatment
Self-limited

Self-limited;

steroids may
be of benefit
in patients
infected with
SARS-CoV.

M2-inhibitors

(amantadine,
rimantadine)
and
neuraminidase
inhibitors
(zanamavir,
oseltamivir) if
started within
48 hours of
symptoms

Self-limited

Supportive

treatment;
infants with
severe disease
may benefit
from ribavirin,
bronchodilators,
corticosteroids,
and RSV-IVIG or
palivizumab.
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Adenovirus has the unique characteristic of
possessing high oncogenic potential. This was
the first human virus to demonstrate oncogenic
potential in rodents. Modified adenovirus has
been used as vectors for the insertion of genetic
material into different types of cells for gene
therapy and for immunization against other
pathogens. Since the initial description of aden-
ovirus, there have been at least 51 serotypes of
adenovirus described based on their hemagglu-
tination pattern of red blood cells, the ability
to cause tumors in rodents, and the percentage
of guanine plus cytosine content of their DNA
(2). However, less than half of these serotypes
play a role in human disease. All serotypes have
similar morphology and nucleic acid composi-
tion, and they produce characteristic cytopathic
effect.

Adenoviruses are medium sized, nonen-
veloped, icosahedron with fiber-like projections,
double-stranded DNA viruses with a molecular
weight of approximately 23 x 10°. The fiber-like
projections from the capsomeres are rod-like
structures with knobs, and they function as an
attachment apparatus for the virus (Fig.6.1). The
adenovirus attaches to a cellular receptor named
CAR and are internalized in endosomes, where
it undergoes a process of initial uncoating. The
virus has an outer protein coat called a capsid.
The capsid contains 252 subunits, referred to as

Figure 6.1. Electron microscopy of adenovirus in which six of the 12
vertices are visible. (From www.clinical-virology.org/gallery/images/
em/adenovirus2.gif.)
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capsomeres, which are arranged in a structure
with 20 sides and 12 vertices comprising hexons.
Neutralizing antibody is directed at the major
type-specific neutralizing epitopes on both the
fiber and the hexon.

Adenovirus synthesizes several proteins,
which include a family of transforming proteins
from the E1A and E1B regions, three proteins
from the E2A and E2B regions (responsible for
replication of the viral genome), proteins from
the E3 region (which control the host immune
and cytokine response to infection), and pro-
teins from the E4 regions [which facilitate viral
messenger RNA (mRNA) transcription].

Most people have experienced a primary
infection with adenovirus during their first few
years of life (3). Infected individuals with aden-
ovirus may be asymptomatic or the infection
may result in a respiratory illness, such as pneu-
monia, croup, or bronchitis (1). Acute respiratory
disease caused by adenovirus was described
during conditions of crowding and stress among
military recruits during World War II (4). Sea-
sonal patterns of adenovirus most commonly
occur in the late winter, spring, and early
summer. Adenovirus can cause nonrespiratory
tract infections such as gastroenteritis, conjunc-
tivitis, cystitis, and rash. The incubation period
of adenovirus is 4 to 5 days. The most common
symptoms associated with adenovirus infection
are cough, fever, sore throat, and rhinorrhea.
These symptoms typically last 3 to 5 days. The
classification system of adenovirus serotypes
has clinical significance, as there is some asso-
ciation of the serotype, age, and the clinical
spectrum of disease. In infants, serotype 7 causes
fulminant bronchiolitis and pneumonia. In
children, adenovirus serotypes 1, 2, and 4 to 6
are associated with upper respiratory disease.
In young adults, particularly military recruits,
serotypes 3, 4, and 7 are associated with acute
respiratory disease, tracheobronchitis, and
pneumonia, and in immunocompromised
patients, serotypes 5, 31, 34, 35, and 39 are
associated with pneumonia and dissemination.
Transmission of adenovirus can occur by direct
contact, fecal-oral transmission, and occasion-
ally waterborne transmission. Adenoviruses are
able to survive outside of the body for a pro-
longed period of time due to their ability to
remain stable to chemical and physical agents
and adverse pH conditions.

Adenovirus is capable of a lytic infection (5),
a latent or chronic infection (1), or oncogenic
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transformation (6) during their interaction with
epithelial cells. A lytic interaction with pul-
monary epithelial cells results in cell death by
inhibition of both host macromolecular syn-
thesis and transport of cellular mRNA to the
cytoplasm. During the lytic interaction, up to
one million virions per cell can be released.
Natural killer cell and lymphocyte recognition
of infected cells elicits a cytokine response and
induction of cytotoxic T cells and neutralizing
and nonneutralizing antibodies to adenovirus.
Latent or chronic infection with adenovirus
involves lymphoid cells. Adenovirus sequences
have been found in human lymphocytes and
tonsils where a small number of viruses are
released over a period of time even in the pres-
ence of a neutralizing antibody response. Onco-
genic transformation occurs when adenoviral
DNA is integrated into and replicated with the
host cell’s DNA; however, no virions are pro-
duced. All three types of interactions with
epithelial cells result in virus-specific proteins
(T antigens), which indicate the presence of
adenovirus.

A definitive diagnosis of adenovirus infec-
tions can be made by antigen detection, poly-
merase chain reaction (PCR) assay, virus
isolation, and serology (7). Because adenovirus
can be excreted for prolonged periods of time,
isolation of adenovirus does not imply disease.
Adenovirus typing is accomplished by hemag-
glutination-inhibition or neutralization with
type-specific antisera. The virus can be cultured
from sputum, the nasopharynx, stool, urine,
or conjunctival scrapings in monolayers of
human epithelial cells. Characteristic cytopathic
changes can be visualized after 2 to 5 days. The
presence of adenovirus antigens can be detected
in samples and tested by immunofluorescence
or enzyme-linked immunosorbent assay
(ELISA). Serologic diagnosis of adenovirus
requires a fourfold rise in antibodies that fix
complement, neutralize the virus, or prevent
adenoviral hemagglutination by ELISA or by
radioimmunoassay.

Most adenovirus infections are self-limited in
immunocompetent patients. Symptomatic treat-
ment can be offered. In severe cases among
immunocompromised patients, cidofovir, rib-
avirin, vidarabine, or human immune globulin
alone or in combination have been administered
with variable success (8-10). However, the
overall efficacy of these treatment agents has not
been established or thoroughly studied.

Mucosal Immunology and Virology

Coronavirus Including Severe Acute
Respiratory Syndrome-Associated
Coronavirus

Coronavirus was first isolated from chickens in
1937. Tyrrell and Bynoe (11) passaged coron-
avirus, from nasal wash fluids of patients with
common colds, in human ciliated embryonal
trachea and nasal epithelium cells in 1965. The
medium from these cultures caused respiratory
symptoms in volunteers. At about the same time
of Tyrell and Bynoe’s descriptions of coron-
avirus, Hamre and Procknow (12,13) described
the cytopathic effect of coronavirus 229E
isolated from medical students who developed
acute respiratory illnesses. A number of animal
coronaviruses causing disease have since been
described.

Severe acute respiratory syndrome (SARS)-
associated  coronavirus (SARS-CoV) was
described in November 2002 (14). This virus was
first identified in the Guangdong Province of
China, where it subsequently spread to Hong
Kong and countries in Southeast Asia, Europe,
North America, and eventually throughout the
world with more than 8000 cases and 800 deaths
by June 2003. The SARS-CoV genome was
quickly sequenced and found to be related to
previously characterized human and animal
coronaviruses (14).

Electron microscopy of a coronavirus shows
particles that are medium sized (80 to 150 nm),
pleomorphic with an outer envelope covered
with crown-like surface proteins; hence, the
name coronavirus (Figs. 6.2 and 6.3). The family
Coronaviridae has two genera: Coronavirus and
Torovirus. Coronaviruses have a nonsegmented,
positive sense, single-stranded, 5" methylated
cap and a 3’ polyadenylated RNA. The RNA
codes for a large polyprotein, which forms
several nonstructural and structural proteins
after being cleaved by virus-encoded proteases.
The structural proteins include a surface hemag-
glutinin-esterase (HE) protein; a surface spike
glycoprotein on the virion envelope, which is
responsible for receptor binding and cell fusion
(S protein), a small envelope protein; a mem-
brane glycoprotein, which is responsible for
budding and envelope formation (M); and a
nucleocapsid protein complexed with RNA. The
S protein mediates attachment to sialic acid,
which resides in the plasma membrane of host
cells. Antibody to the S protein neutralizes viral
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Figure 6.2. Electron microscopy of an infected Vero E6 cell showing
coronaviruses within cytoplasmic membrane-bound vacuoles and
accumulating on the lining of the surface of the plasma membrane. A

infectivity. Two strains of coronavirus are able to
grow in cultured cells: 229E and OC43. Coron-
aviruses have the ability to undergo genetic
recombination if two viruses simultaneously
infect the same cell. The 5-positive sense of
coronavirus is translated to produce a viral poly-
merase, which results in a full-length negative-
sense strand. This strand is used as a template to
produce mRNA as a nested set of transcripts that
possess a 3’ polyadenated end. Assembly of the

Figure 6.3. Electron microscopy of a
coronavirus. (From www.fda.gov/fdac/
features/ 2003/403_sars.html.)

higher magnification of the coronaviruses is shown in the inset. (From
www.cdc.gov/mmwr/preview/mmwrhtml/mm5212a1.html.)

virion occurs by budding from cytoplasmic vesi-
cles from the membranes of endoplasmic retic-
ulum. Particles are then transferred to the
surface of the cell and released from the cell
when the cell dies (15).

Over 85% of adults have antibody to coron-
avirus OC43 and 229E, the two most studied
strains of coronavirus. Respiratory coronavi-
ruses are transmitted from person to person and
occur mostly in the winter and spring in coun-
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tries with temperate climates. This virus is
responsible for 15% of upper respiratory tract
infections in adults. During peak viral activity,
respiratory illness due to coronaviruses may be
as high as 35%. In the United States, strains 0C43
and 229E are commonly found as causes of large
epidemics (16,17). Half of individuals infected
with respiratory coronaviruses become ill as
evidenced by increased antibody titers. Reinfec-
tion likely occurs when there is a rapid decrease
in antibody levels after infection.

SARS-CoV causes severe, acute atypical pneu-
monia in persons who have a clear history of
exposure either to a SARS patient or to a setting
in which SARS-CoV transmission is occurring
(i.e., China, Hong Kong, Hanoi, Taiwan, or
Singapore). Epidemiologic studies identified
numerous cases occurring in hospitals that
involved health care workers, visitors, patients,
and family members who had direct contact
with infected persons with the SARS-CoV. At
the end of the epidemic, in June 2003, the
overall case-fatality rate ranged from 7% to 17%.
Among elderly individuals (over the age of 65
years) and persons who had underlying medical
conditions, the mortality rate was as high as
50%.

Persons infected with coronavirus develop
upper respiratory tract illness and cold symp-
toms such as fever, headache, malaise, cough,
sore throat, mucopurulent nasal discharge, and
chills (11,18). Enteric infections, neurologic syn-
dromes, and lower respiratory tract involvement
(i.e., pneumonia and pleural effusion) with coro-
navirus have also been described. The mean
duration of symptoms is 7 days with a range of
2 to 18 days. Reinfection occurs because of the
antigenic heterogeneity of coronaviruses, and
immunity is serotype specific. The elderly are
more susceptible to severe respiratory infection
compared to younger adults. In persons infected
with SARS-CoV, the most common symptoms
include fever, headache, malaise, myalgia, non-
productive cough, dyspnea, and diarrhea.
Rhinorrhea and sore throat are not commonly
reported symptoms among patients with SARS.
In 25% of patients, especially patients over 50
years of age or have some underlying medical
condition, pulmonary disease progresses to
acute respiratory distress syndrome (ARDS)
(19), which has an estimated mortality rate of
10%. Patients infected with the SARS-CoV often
have abnormal laboratory values such as lym-
phopenia, as well as elevated creatine kinase,
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lactic dehydrogenase, and aspartate aminotrans-
ferase levels.

Respiratory coronavirus including SARS-CoV
infect a variety of mammals and birds. The
number of serotypes of antigenic variation is
unknown because most coronavirus isolates
cannot be grown in culture. Aerosols of respira-
tory tract secretions result in coronavirus attach-
ment to the epithelium of the nasopharynx
by a virus-receptor interaction. Coronavirus
replicates in epithelial cells, resulting in a
cytolytic effect on ciliated epithelial cells and
release of cytokines and chemokines such as
CXCL10/interferon-y (IFN-y)-inducible protein
10 and CCL2/monocyte chemotactic protein 1
(20). These inflammatory mediators are respon-
sible for many of the respiratory symptoms that
occur with infection. The incubation period and
viral shedding of coronavirus ranges from 3 to 5
days (18). The incubation period of SARS-CoV
ranges from 4 to 7 days, with viral shedding
reported in some cases over several weeks (21).
The pulmonary histology of SARS-CoV infec-
tion has been described by the presence of
hyaline membrane formation, interstitial infil-
tration with lymphocytes and mononuclear
cells, and desquamation of pneumocytes in the
alveolar spaces (22).

Respiratory coronaviruses are isolated from
clinical specimens from tracheal or nasopharyn-
geal epithelium. These viruses can be rapidly
detected by antigen detection methods that
utilize immunofluorescence of respiratory cells,
or enzyme immunoassays of respiratory secre-
tions, or reverse transcriptase PCR (RT-PCR)
(23,24). Some strains, such as 229E and OC43,
can be grown in human diploid fibroblast cells
lines. SARS-CoV can be isolated from the
upper and lower respiratory tract, blood, and
stool and urine specimens by RT-PCR and can
be grown in the respiratory tract specimens
in Vero E6 and fetal rhesus monkey kidney
cells. Serum antibodies to SARS-CoV in a
single serum specimen or a fourfold or greater
increase in SARS-CoV antibody titer between
acute- and convalescent-phase serum specimen
tests has been used to detect infection with
SARS-CoV (25). Immunoglobulin M (IgM) can
be detected in cases for a limited period of time
and IgG can be detected after the first week of
infection. IgA antibody is probably the primary
mediator of resistance to coronavirus infections
since these infections are initiated in the
nasopharynx.
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The treatment of coronaviruses is self-limited
and supportive. For the SARS-CoV, anecdotal
reports suggest that steroid treatment may be of
benefit (26). Interferons have shown in vitro
activity against the SARS-CoV but ribavirin has
not. SARS-CoV is currently being tested against
various antiviral drugs to determine if effective
treatment can be found.

Influenza Virus

One of the first descriptions of an influenza virus
outbreak was that of Sydenham in 1679;
however, it was not identified until 1933 (27).
Influenza attack rates have been reported as high
as 40%. A recurrent epidemic of febrile respira-
tory disease due to influenza virus occurs every
1 to 3 years, and a worldwide pandemic every
10 to 20 years (28). Epidemics typically occur
during the winter months and have a character-
istic pattern where outbreaks in children are
usually followed by influenza-like illness among
adults, which is then followed by increased hos-
pital admissions for patients with pneumonia,
exacerbation of chronic obstructive pulmonary
diseases, and congestive heart failure. An average
attack rate of an influenza epidemic is approxi-
mately 10% to 20%, but in certain populations
the attack rates may be as high as 50%. Rates
of infection are highest among children, and
serious illness and death are highest among
persons =65 years and persons with underlying
medical conditions. Influenza is responsible for
approximately 36,000 deaths annually in the
United States. Pandemic influenza has occurred
31 times thus far, with the greatest pandemic
occurring in 1918-1919, causing between 20 and
40 million deaths worldwide (29).

Influenza viruses belong to the family of
Orthomyxoviridae and are classified as
influenza A, B, and C based on their antigenic,
structural, genetic, and epidemiologic differ-
ences. Influenza A has been most studied and is
further characterized into subtypes based on its
two surface antigens—hemagglutinin (HA) and
neuraminidase (NA). The nomenclature for
influenza strains includes the influenza type,
place of initial isolation, strain designation, and
year of isolation. Influenza virus contains eight
separate segments of linear negative-sense
single-stranded RNA, and has a ribonucleopro-
tein core arranged as a helical nucleocapsid that
is surrounded by a lipid-containing envelope
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Figure 6.4. Electron microscopy of influenza A virus. (From www.
virology.net/Big_Virology/BVRNAortho.html.)

covered with about 500 surface projections that
possess HA or NA activity (Fig. 6.4). The HAs
extend out from the lipid envelope as a globu-
lar rod-shaped head and are involved with
attachment of the virus to neuraminic acid-
containing mucopolysaccharide receptors on the
cell surface membrane. There are at least 15
described antigenically distinct HAs and at least
nine distinct NAs. The NA is mushroom shaped
and functions as an enzyme that catalyzes the
removal of terminal sialic acids from sialic
acid-containing glycoproteins during the early
stages of penetration of the virus. Other integral
membrane proteins include the M2 protein
present in the viral envelope and the M1 protein
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present in the matrix of the virus. Eight discrete
nucleocapsid segments exist within the envelope
that are associated with viral nucleoprotein and
three polymerase proteins (PB1, PB2, and PB3),
which are important targets for cross-reactive,
viral-specific cytotoxic T lymphocytes.

Influenza causes respiratory-related illnesses
that follow a U-shaped epidemic curve with
attack rates greatest among the young and the
elderly who have lower antibody levels (30).
Children are commonly infected due to crowd-
ing of children in schoolrooms where aerosol
spread is efficient. Influenza epidemics occur
mostly in October to April in the Northern
Hemisphere and May to September in the South-
ern Hemisphere. Influenza pandemics are quite
variable and occur when there is an emergence
of a new virus to which the overall population
does not have immunity. Underlying medical
disease, such as cardiovascular and pulmonary
conditions, diabetes, renal dysfunction, hemo-
globinopathies, and immunodeficiencies, are
risk factors for severe influenza (31).

A reason for the continued threat of influenza
epidemics and pandemics is the unique ability
of this virus to alter its antigenic structure,
referred to as antigenic variation, of two exter-
nal glycoproteins HA and NA. The genes that
code for HA and NA of influenza A are relatively
unstable and continuously undergo mutations
that alter their antigenic structure. New in-
fluenza variants develop from small antigenic
variations known as antigenic drift and large
antigenic variations known as antigenic shift.
Antigenic drift occurs when relatively minor
antigenic changes or an accumulation of point
mutations during viral replication occurs at the
major antigenic sites on the HA or NA molecule
(32). Influenza A virus undergoes antigenic drift
more rapidly than influenza B viruses. Antigenic
shift results in a new virus to which the popula-
tion has no immunity. Major antigenic shifts can
lead to pandemic influenza.

Infection with the influenza virus occurs by
inhalation of small particle aerosols (<10um)
that contain virus. The aerosols are created by
sneezing, coughing, and talking. In experimental
conditions, nasal drops are infectious at doses of
137 to 300 times the median tissue-culture infec-
tive dose (TCIDs) and 0.6 to 3.0 TCIDs, by the
aerosol route (33,34). The incubation period for
influenza is 1 to 4 days, although viral multipli-
cation is detectable within 24 hours. Virus shed-
ding in respiratory secretions disappears after 5
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to 10 days in most individuals but can occur
up to several months in severely immunocom-
promised persons. These particles are relatively
stable at different temperatures and humidity,
although its survival is favored by lower rela-
tive humidity and lower temperatures (35).
The histopathology of individuals with typical,
uncomplicated acute inflammation is character-
ized by diffuse inflammation (hyperemia and
edema) of the mucosa of the larynx, trachea,
and bronchi with vacuolization of columnar
cells and desquamation of the ciliated columnar
epithelium down to the basal layer of cells.
Individual cells may show shrinkage, pyknotic
nuclei, and a loss of cilia. Viral antigens are
found in the epithelial cells but not the basal
layers. Lymphocytes and histiocytes are also
found in areas with epithelial damage.

In individuals with severe disease, histologic
findings include extensive necrotizing tracheo-
bronchitis, with ulceration and sloughing of
the bronchial mucosa, extensive hemorrhage,
hyaline membrane formation, and a paucity of
polymorphonuclear cell infiltrations. Viral repli-
cation occurs intracellularly and leads to death
of the host cell through decreased host-cell
protein synthesis, degradation, and blockage of
translation of cellular mRNAs, degradation of
coexpressed proteins, and apoptosis (36,37). Cell
death due to apoptosis is related to the induction
of the Fas antigen by double-stranded RNA
during viral replication or poisoning of the mito-
chondria by a protein PB1-F2, which is encoded
by a second reading frame in the PBI gene (38).
The incubation period of influenza virus is 18
to 72 hours. Influenza virus is released several
hours prior to cell death and infects nearby
epithelial cells and peripheral blood mononu-
clear cells. Infection of epithelial cells and
peripheral blood mononuclear cells elicits
release of cytokines that are responsible for sys-
temic symptoms. Infection of peripheral blood
mononuclear cells, such as polymorphonuclear
leukocytes, lymphocytes, and monocytes, re-
sults in defects in these cells’ chemotaxis
and phagocytosis and a decreased proliferation
and co-stimulation by mononuclear cells
(39,40). Defects in peripheral blood mononu-
clear cells are related to virus replication and to
the direct toxic effects of certain virus proteins
such as the HA, NA, and nucleoprotein.

Infection with influenza virus elicits a
humoral and cell-mediated immune response,
which is vital in recovery from infection and
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resistance to reinfection (41). There are variable
degrees of protection within subtypes but not
protection across subtypes. The production of
interferon and the generation of cytotoxic
lymphocytes best correlate with the recovery
from acute influenza. Immunity to reinfection
and reduction of the severity of disease with
influenza viruses is mediated by antibodies in
the serum and the respiratory tract secretions. A
systemic antibody response of IgM, IgG, and IgA
to influenza virus results in the development
of antibody to the glycoproteins HA, NA, and
matrix and nucleoproteins (42). Serum IgG neu-
tralizing antibody is the primary mediator of
resistance to influenza virus infection. However,
antibody to one influenza virus type confers
limited or no protection against another
influenza virus type. Peak antibody responses
are found at 4 to 7 weeks after infection. Anti-
neuraminidase antibody parallels that of hemag-
glutinin-inhibiting antibodies (HAI) (43) and is
the primary method of detecting antigenic
relatedness among hemagglutinins of influenza
virus. Some studies suggest that a serum HAI
titer of 21:40 or a serum neutralizing titer
of 21:8 is associated with protection against
infection. Antibody to NA can be measured by
NA inhibition or ELISA. Anti-NA antibody can
provide protection against influenza infection by
reducing efficient release of virus from infected
cells and decreased severity of illness (44,45).
Antibodies to internal proteins (matrix and
nucleoproteins) are cross-reactive but not pro-
tective against infection. Immunoglobulins G
and A are found in nasal secretions. The IgG to
HA in the nasal secretions is the IgG, subtype,
which is the same subtype found in the serum,
suggesting that nasal IgG, originates from diffu-
sion from the serum (46). Nasal HA-specific IgA
is the polymeric and IgA, subtype. The IgA,
subtype suggests local production and deriva-
tion from peripheral lymphoid tissue by
memory cells derived from the mucosa.
Cell-mediated responses are important in
recovery and resistance to reinfection of
influenza. Both CD4 and CD8 T cells effect
clearance of influenza A virus. Virus-specific
CD8 cytotoxic T lymphocytes recognize class I
human leukocyte antigen (HLA) and mediate
immunity through lysis of infected cells and
expression of antiviral cytokines. CD4 cells rec-
ognize epitopes on HA, matrix proteins, and
nucleocapsid proteins and stimulate B cells to
produce antibody to HA and NA and antiviral
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cytokine expression (47,48). Both animal and
human studies have found T helper (Th)1 and
Th2 responses to infection with influenza virus.
Infected epithelial cells can be lysed by anti-
body in the presence of complement, antibody-
dependent cellular cytotoxicity or by cytotoxic T
lymphocytes (49). Cytotoxic lymphocytes peak
at day 14 of infection. Class I-restricted cyto-
toxic lymphocytes are associated with reduced
duration and level of influenza A virus replica-
tion in epithelial cells (50).

Infection with influenza can present different
complications. The first signs and symptoms
of influenza infection are an abrupt onset of
fever (37.7°C) and a dry cough. Uncomplicated
influenza infection is characterized by fever,
chills, headaches, dry cough, pharyngeal pain,
nasal obstruction, hoarseness, myalgia, malaise,
anorexia, and ocular symptoms. Otitis media,
nausea, and vomiting are commonly reported
among children with influenza illness. Influenza
illness and symptoms typically resolve over
several days for most individuals. Cough and
malaise may persist for 2 weeks or more.
Primary influenza viral pneumonia and second-
ary bacterial infection are possible pulmonary
complications of influenza infection. Primary
influenza viral pneumonia occurs among sus-
ceptible persons with underlying cardiovascular
and pulmonary disease. These patients have
a relentless progression from classic 3-day
influenza and have bilateral findings on physical
examination and a normal flora sputum bacteri-
ology. Secondary bacterial pneumonia occurs
among older patients (>65 years) with underly-
ing pulmonary, cardiac, metabolic, or other
disease, followed by a period of improvement
within approximately 1 to 2 weeks and then a
recrudescence of symptoms of fever with signs
and symptoms of bacterial pneumonia. Sec-
ondary bacterial infection likely occurs from
direct physical damage to bronchial epithelium
and impairment of normal ciliary activity in
physical clearance of bacteria from the lung.
Gram stain and culture of sputum of these indi-
viduals most commonly reveal Staphylococcus
aureus,  Streptococcus  pneumoniae, and
Haemophilus influenzae. Nonpulmonary com-
plications have also been described with
influenza, such as myositis, cardiac complication
(myocarditis and pericarditis), toxic shock syn-
drome, central nervous system complications
(Guillain-Barré syndrome, transverse myelitis,
and encephalopathy) and Reye’s syndrome.
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The sensitivity and specificity of the clinical
diagnosis of influenza and influenza-like illness
compared to viral culture range from 63% to
78% and 55% to 71%, respectively. Influenza
infection is definitively diagnosed by isolation of
virus or detection of viral antigen in respiratory
secretions, nasal swab specimens, throat swab
specimens, nasal washes, or combined nose
and throat swab specimens. Incubation of the
virus onto rhesus monkey kidney, cynomolgus
monkey kidney, or Madin-Darby canine kidney
cell line can produce a characteristic cytopathic
effect. Influenza virus can be cultured on embry-
onated eggs and detected within 3 to 7 days (51).
Rapid detection of viral antigens in respiratory
secretions can be performed with enzyme
immunoassay and direct immunofluorescence—
Directigen Flu A+B (Becton-Dickenson, Cockey-
sville, MO), Flu OIA (Biostar, Boulder, CO),
QuickVue Influenza A+B test (Quide Corp, San
Diego, CA), and ZstatFlu (ZymeTX, Oklahoma
City, OK). These tests have varied sensitivities of
40% to 80% and specificities of 85% to 100%
compared to cell culture (52-55). These tests
vary in complexity and in the skill and time
required for performance and interpretation.
Sensitivity appears to be improved with naso-
pharyngeal swabs and aspirates compared with
throat swabs and gargles. Nucleic acid hybridiza-
tion and PCR amplification have been used in
the research setting and offer a higher sensitiv-
ity at the cost of being more labor intensive and
technically demanding. Serologic tests by using
complement fixation and hemagglutination
inhibition, consisting of both acute and conva-
lescent sera, are available for making a retro-
spective diagnosis of influenza.

The treatment of persons infected with
susceptible influenza isolates includes M2
inhibitors (amantadine and rimantadine) and
neuraminidase inhibitors (zanamivir and
oseltamivir). The Centers for Disease Control
and Prevention recommends that any person
experiencing a potentially life-threatening
influenza-related illness or any person at high
risk for serious complication of influenza and
who is within the first 2 days of illness onset
should be treated with antiviral medications
(56).Both M2 inhibitors,amantadine and riman-
tadine, have been shown to be effective in
experimentally induced and naturally occurring
influenza A virus infection. Resistant viruses
have been seen in less than 1% of unexposed
individuals (57-59). The M2 inhibitors inhibit
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the M2 ion channel activity of susceptible
viruses. The M2 ion channel is responsible for
acidifying the interior of the virus, disrupting
the interaction between the matrix and nucleo-
proteins, and allowing the ribonucleoproteins to
be transported to the nucleus where replication
occurs (60). The most common side effects of
amantadine are central nervous system related
(insomnia, dizziness, and difficulty in concen-
tration). Neuraminidase inhibitors have been
shown to be effective in human experimental
challenge models and clinical trials. Viruses with
reduced susceptibility to oseltamivir have been
isolated in 1% of adults and 6% of pediatric
children. Neuraminidase cleaves terminal sialic
acid from sialic acid-containing glycoprotein
that serves as host receptors for attachment of
influenza virus and facilitates the penetration of
virus through secretions in the respiratory tract,
which are rich in sialic acid-containing macro-
molecules (61,62). Neuraminidase inhibitors are
generally well tolerated. The most common side
effects of the neuraminidase inhibitors are
related to gastrointestinal symptoms.

Rhinovirus

The infectious nature of colds was described in
1914 by Kruse. Volunteer studies with intranasal
instillation of bacteria-free filtrates of nasal
secretions from cold sufferers into healthy sub-
jects resulted in cold-like symptoms in these
individuals (63). It was not until the 1940s that
rhinovirus was isolated from the nasal secretions
of cold sufferers (64). Rhinovirus is derived from
the Greek root rhin meaning nose. Since the
1950s, research on isolation and characterization
of rhinovirus, development of a highly sensitive
human embryonic lung cell line (65), a class-
ification system for known rhinovirus and
immunotypes (66), and epidemiologic studies
have demonstrated rhinovirus as a cause of the
common cold (67). Rhinoviruses are estimated
to cause up to 35% of all adult colds and occur
mostly in early fall, spring, and summer.
Rhinoviruses are single-stranded, positive-
sense RNA viruses, belong to the Picornaviridae
family, and contain four structural proteins that
have exterior projections that interact with neu-
tralizing antibodies VP1, VP2, VP3, and VP4.
These structural proteins from a nonenveloped
capsid with icosahedral symmetry. Rhinovirus
also contains nonstructural proteins including
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two proteases with specific viral cleavage sites,
an RNA-dependent RNA polymerase, and a
small protein covalently bound to the 5 end of
the viral RNA designated as VPg. There are 12
capsomers per nucleocapsid. A deep conserved
hydrophobic cleft on the viral surface functions
in maintaining the structural integrity of the
viral capsid and in facilitating the conforma-
tional changes for uncoating of viral RNA. The
5" end of the genome has a genome-linked
protein and the 3" end has a polyadenylated
tract. Rhinoviruses are similar to enteroviruses
with 40% to 60% homology between their
genomes. There are more than 110 distinct rhi-
novirus types reflecting the chronology of isola-
tion of the prototypic strains of each serotype
(66).

Rhinoviruses are susceptible to inactivation
by acid (pH < 5) and a higher density in
cesium chloride gradients, which distinguishes
them from enteroviruses. These viruses are
resistant to organic solvents such as ether and
chloroform, and other chemicals such as tri-
chlorofluoroethane, ethanol, and weak phenol.
Rhinovirus grows best at temperatures of 33°
to 35°C, the temperature inside the human
nose and large airways (68). Rhinovirus
serotypes are based on their receptor specificity.
The major group (80%) of rhinovirus utilizes the
leukocyte attachment protein known as inter-
cellular adhesion molecule-1 (ICAM-1, CD54)
receptor, a member of the immunoglobulin
superfamily (69). It is found on most cells of
human origin including HeLa cells, fibroblasts,
and cells in the respiratory epithelium. A minor-
ity of rhinoviruses bind to low-density lipopro-
tein receptor.

Worldwide, infections with rhinovirus occur
in early childhood and continue throughout life.
During childhood and adolescence, antibody
levels to rhinovirus are rapidly acquired; they
peak in young adulthood and begin to decline
and then remain constant throughout adulthood
(70,71). Military recruits often encounter respi-
ratory disease in the form of rhinovirus due
to the close contact with others in crowded
quarters, which allows exposure to infections
secretions over a short distance (72). Volunteer
studies have shown that effective transmission
occurs with infected nasal secretions spread
from hand to hand and exposure to fomites fol-
lowed by autoinoculation of the nasal and con-
junctiva mucosa. The aerosol route may also be
a means for rhinovirus transmission; however,

167

studies have shown that under ordinary indoor
conditions of 70°F and 40% relative humidity,
rhinovirus in aerosol is rapidly inactivated (73).
The annual seasonal pattern of rhinovirus infec-
tion peaks in the fall, with a smaller peak in
March, April, and May (70,71). These seasonal
patterns can be partially explained by changes
in living conditions, and because rhinoviruses
survive better under conditions of high relative
humidity. In some studies, rhinovirus is recov-
ered in cell cultures in 25% of patients with colds
and in up to 50% by the combination of cultures
and PCR methods (74). Infection rates of rhi-
novirus range from 1.2 infections per person-
year in children up to 1 year of age to 0.7 in
young adults (12,13). Transmission of this virus
occurs mostly in the home setting, schools, and
day-care centers by school-aged children. Sec-
ondary transmission occurs in young siblings
and mothers, and attack rates have ranged from
25% to 70% (75). Other conditions that may lead
to increased susceptibility include fatigue, emo-
tional stress, poor nutrition, smoking, or living
or working in crowded conditions.

The clinical manifestations of rhinovirus
infection can be broadly classified into nasal,
pharyngeal, or lower respiratory involvement,
and include watery eyes, malaise, anorexia, rhin-
orrhea, nasal obstructions, sore throat, cough,
sneezing, and hoarseness, but fever is uncom-
mon. The incubation period is 24 to 72 hours fol-
lowing deposition of virus in the nasopharynx.
The median duration of these symptoms is 7
days and up to 2 weeks in 25% of infected
persons. Usually virus can be shed for 7 to 10
days, but there is documentation of shedding for
several weeks.

Rhinovirus has a 95% infection rate in
volunteer challenge studies. According to these
studies, rhinovirus replicates in nasal passages
and can be detected in the nasal secretions of
volunteers as early as 8 to 10 hours, with viral
shedding peaking on the second and third day
(76). Replication of rhinovirus occurs in ciliated
epithelial cells, and cell death results in large
quantities of protein including fibrinogen
released from the mucous membrane of the
nose. Histologic examination of the nasal
mucous membranes reveals only slight damage
to the epithelium. This damage elicits release of
inflammatory mediators such as interleukin-1
(IL-1), IL-6, IL-8, and IL-16 and other mediators
such as bradykinin, lysyl-bradykinin, pro-
staglandin, histamine, and RANTES (regulated
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on activation, normal T-cell expressed and
secreted) (77). Histamine increases the blood
flow to the infected cells and causes swelling,
congestion, and increased mucus production.
Serum neutralizing antibodies IgM, IgA, and IgG
are produced in nasal passages during infection
with rhinovirus (78,79). These antibodies pro-
vide protection against reinfection with the
same serotype. IgA antibody is however the
primary mediator of resistance to rhinovirus.

Rhinovirus is usually diagnosed by clinical
suspicion. Rhinovirus can be isolated from nasal
secretions, and the yield can be improved when
the secretions are collected directly or are
washed from the mucosal surface with a physio-
logic salt solution. Definitive diagnosis of a
rhinovirus infection requires viral identification
in cell culture systems such as human embryonic
lung cell line (WI-38 and MRC-5 strains),
HEp-2, and M-HeLA cells at 33° to 34°C. The
cytopathic effect usually occurs within 2 to 6
days. Polymerase chain reaction with nucleic
acid probes is being increasingly used to identify
rhinovirus (80). Serodiagnosis of rhinovirus
infection has been done with a neutralization
test; however, this technique cannot be used on
a routine basis due to the multiplicity of rhi-
novirus types.

The treatment of rhinovirus is supportive,
with a combination of a first-generation anti-
histamine and a nonsteroidal antiinflammatory
drug (81). Supportive management also includes
rest, hydration, decongestants, saline gargles,
and cough suppressants. These supportive treat-
ments may relieve the symptoms of sneezing,
runny nose, itchy eyes, and congestion. There are
currently no antiviral therapies available for rhi-
novirus infection.

Respiratory Syncytial Virus

Respiratory syncytial virus (RSV) was first
described in 1956 by Morris and colleagues (82).
They identified a chimpanzee coryza agent
(CCA) from a chimpanzee suffering from a cold.
Later, an indistinguishable strain was isolated
from humans with respiratory illness and
increases in the specific neutralizing antibody to
CCA were found. Epidemiologic studies have
found that 95% of children have antibodies to
CCA by age 2, and the CCA virus was subse-
quently renamed respiratory syncytial virus
based on its clinical and laboratory manifesta-
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tions (83). It is the most common cause of lower
respiratory tract infection in infants. In older
children and adults, it is a common cause of
upper respiratory tract infection. Most persons
have experienced infection with this virus
within the first few years of life as evidenced by
serology. In children under 1 year of age, the
yearly attack rate for RSV lower respiratory tract
disease has been estimated to be 23 per 100 (84).

Respiratory syncytial virus belongs to the
Paramyxoviridae family. This virus does not
possess hemagglutinin and neuraminidase
activity. It is divided into two major groups, A
and B (85). The antigenic relatedness between
the two groups is 25%. The major difference
between the two groups is the variability in the
G, F, SH, and NS1 proteins. Both major groups, A
and B, are found to be circulating simultaneously
during outbreaks. Respiratory syncytial virus is
an enveloped, nonsegmented, single-stranded,
negative-sense RNA virus. The RNA encodes for
several proteins, of which three are associated
with the nucleocapsid, five with the envelope,
three with the glycosylated transmembrane
surface proteins (F, G, and SH), M and M2 with
nonglycosylated matrix proteins, and two glyco-
sylated surface proteins (F and G) that are inte-
gral in the infectivity and pathogenesis of RSV.
The F protein is responsible for viral penetration
by fusing viral and cellular membranes. The G
protein is responsible for mediating the attach-
ment of the virus to host cells. The viral envelope
has a membrane derived from the plasma mem-
brane of host cells and a transmembrane surface
with several glycoprotein spikes. Respiratory
syncytial virus is unstable in the environment
and does not withstand temperature and pH
changes (86). It is stable on nonporous surfaces
for 3 to 30 hours and porous surfaces for
less than 1 hour, and its optimal pH is 7.5. It
is readily inactivated with soap, water, and
disinfectants.

Respiratory syncytial virus is found in all geo-
graphic areas of differing climates every year
(87). Seasonal outbreaks tend to occur in the
winter or spring in the United States. In north-
ern tropical areas, RSV infection is associated
with an increase in rainfall and a decrease in
temperature. In the southern tropical areas, RSV
is associated with a decrease in rainfall and in
temperature. Respiratory syncytial virus infec-
tion in children causes bronchiolitis, croup,
tracheobronchitis, and pneumonia. Respiratory
syncytial virus is rarely found (0.3%) in children
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without respiratory disease (88). It is trans-
mitted by respiratory secretions through close
contact with infected persons or contaminated
objects. Infection occurs when infectious mate-
rial contacts the mucous membranes of the eyes,
mouth, or nose, or possibly by inhalation of
infectious droplets. Risk factors for RSV disease
are age (severest disease occurs among infants),
sex (males are affected more than females), and
socioeconomic factors such as crowding, lower
income, day-care attendance, multiple siblings,
and exposure to passive smoke within 6 months
of onset of the RSV infection (89). Immunity to
RSV infection is incomplete, variable, and not
durable. In a day-care study, 98% of children
were infected with a first RSV exposure (88),
74% became infected or reinfected after a second
RSV exposure, and 65% became infected or rein-
fected after a third RSV exposure. Transmission
of RSV occurs with inoculation of the nose or
eyes, and less efficiently through the mouth. The
incubation period is 2 to 8 days (90-92). Respi-
ratory syncytial virus infection is confined to the
respiratory tract—the upper respiratory tract in
early disease and the lower respiratory tract in
late disease.

The pathogenesis of RSV infection involves
the spread and destruction of ciliated epithelial
cells of the respiratory tract (Fig. 6.5), and
lymphocytic peribronchiolar infiltration with
edema of the walls and surrounding tissue,
which leads to proliferation and necrosis of
the bronchiole epithelium (93). The pulmonary
epithelium responds to injury by the production
of opsonins, collectins, and multiple chemokines
and cytokines such as IL-1f, IL-6, IL-8, IL-10,
IL-11, RANTES, and macrophage inflammatory
protein-lo. (MIP-1ot) (94). The production of
chemokines and cytokines results in recruit-
ment of effector molecules, neutrophils, macro-
phages, natural killer cells, and eosinophils.
The bronchiole lumina become obstructed
from inflammation, necrotic epithelium, and the
secretion of mucus. Hyperinflation results
from lumen narrowing with positive expiratory
pressure. Atelectasis develops with complete
obstruction and absorbed trapped air. Bronchi-
olitis results when an increase in lung volume
and expiratory resistance occurs (95). Pneumo-
nia results from an interstitial infiltration of
mononuclear cells with an accompanied edema,
and necrosis leads to alveolar filling (93).

Although antibodies to RSV does not prevent
viral replication in the nasal passages, serum
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Figure 6.5. Electron microscopy of respiratory syncytial virus budding
at the host cell membrane. (From www.epidemic.org/theFACTS/viruses/
viralReplication.html.)

antibody to specific RSV proteins has been asso-
ciated with protection against RSV infection and
provides the rationale for administration of RSV
hyperimmune globulin and monoclonal anti-
body to infected persons with more severe RSV
disease (94). The qualitative and quantitative
antibody responses to the F and G proteins of
RSV are not well defined but appear to correlate
with resistance to reinfection and are influenced
by the presence of preexisting antibody and age
of the host (95,96). Immunoglobulin M, IgG, IgE,
and IgA are found in nasal secretions of persons
infected with RSV (97). Immunoglobulin M
appears early in RSV infection. An IgE and his-
tamine response in nasopharynx secretions is
associated with wheezing during acute illness
and episodes of airway bronchospasm. IgA
appears to be correlated with diminished titers
of the virus.

Cell-mediated immunity is important in the
clearance of RSV and recovery of the host.
Immunosuppressed individuals with deficien-
cies of cellular immunity have more severe
disease and prolonged shedding of virus (98).
Patients have depressed lymphocyte function in
T-cell subsets, depressed IL-12 levels and ele-
vated IL-8 levels (99). Cytotoxic T lymphocyte
(CTL) responses in persons infected with RSV
are complex. In some studies, CTL and helper T
lymphocyte responses are correlated with clini-
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cal response and viral clearance. The response to
RSV infection is likely a result of both a helper
T cell with both a Thl response and a Th2
response (100). The quantity, timing, specificity,
and types of T cells determine the immunologic
and clinical outcomes of RSV infection.

The clinical manifestations of RSV infection
vary by age and the presence of underlying dis-
eases of the host. The major clinical manifesta-
tions associated with RSV infection include
bronchiolitis, pneumonia, croup, otitis media,
apnea, and sudden infant death syndrome. In
infants and children under 1 year of age, infec-
tion with RSV is the most common cause of
lower respiratory tract infection and upper
respiratory tract illness (101,102). Up to 2% of
young children with first-time RSV infection
require hospitalization. The majority of children
hospitalized for RSV infection are under 6
months of age (102). Symptoms include wheez-
ing, rhonchi, rales, rhinorrhea, nasal congestion,
cough, low-grade fever, dyspnea, and hypoxemia
(103). Hypoxemia represents lower respiratory
tract involvement and diffuse viral involvement
of the lung parenchyma (104). The mean arterial
oxygen saturation on admission of one group of
hospitalized infants was 87%. Otitis media is a
common complication of RSV infection in
young children. In infants who are preterm or
have low birth weight (<2500g) or children
with underlying diseases such as chronic lung
disease, congenital heart disease, immuno-
suppressive conditions (i.e., those undergoing
transplantation of bone marrow and solid
organs, HIV), or other chronic diseases, RSV
infection can result in complications with pro-
longed morbidity and mortality. In older children
and adults, the clinical manifestation of RSV
infection depends on the immune status of the
host. In this older population, an infection with
RSV represents a reinfection. In healthy individ-
uals, reinfections with RSV are milder and range
from being asymptomatic to causing upper res-
piratory tract illness such as nasal congestion,
cough, hoarseness, sore throat, low-grade fever,
and conjunctivitis. The average duration of clin-
ical illness is 9.5 days and for viral shedding it is
1 to 6 days. In persons with medical conditions,
especially those with underlying cardiac and pul-
monary disease, the disease may be quite severe
(105). Respiratory syncytial virus is a cause
of cardiovascular and chronic obstructive pul-
monary disease exacerbations, especially among
individuals who are institutionalized.
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Diagnosis of RSV depends on clinical suspi-
cion and is confirmed by viral isolation (Fig. 6.6),
detection of viral antigens or viral RNA, or serol-
ogy. Isolation of RSV is time-consuming and
expensive. Respiratory syncytial virus is isolated
from nasopharyngeal washes, tracheal secre-
tions, or nasal swabs. Specific cytopathic change
is usually seen within 3 to 7 days. The shell vial
technique hastens the identification of RSV
(106). Antigen detection tests are rapid and less
expensive and are used by most clinical labora-
tories. Available antigen detection tests include
direct and indirect immunofluorescent assays,
and an enzyme immunoassay (EIA) method
(sensitivity 60-70% and specificity 90-95%)
(107). Reverse transcriptase PCR consistently
has higher sensitivity and specificity rates than
other diagnostic tools but is used mainly in
research laboratories (107,108). Serologic diag-
nosis of RSV is usually done using enzyme
immunoassays and neutralizing assays. Sero-
logic tests for RSV infection have been used in
epidemiologic studies, but are not always practi-
cal in patient management due to the delay in
acquiring convalescent sera. Also, production
of a significant rise in antibody titer does not
always occur especially in young infants and
individuals with underlying medical conditions.

Treatment of most patients with mild
disease is supportive, including adequate fluid
intake, acetaminophen to reduce fever, and
rest. Hospitalized infants may require oxygen
therapy and sometimes mechanical ventilation
and aerosolized ribavirin, bronchodilating
agents, and corticosteroids (109). Aerosolized

Figure 6.6. Electron microscopy of respiratory syncytial virus.
(From www.cdc.gov/ncidod/aip/images/rsv_germ.jpg.)
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ribavirin is an approved antiviral therapy
for RSV lower respiratory tract disease in hospi-
talized infants. Studies have shown that this
broad-spectrum antiviral agent may reduce
long-term pulmonary sequelae and recurrent
wheezing and result in rapid improvement in
clinical illness and oxygenation (110,111). Bron-
chodilators and corticosteroids have been of
benefit in infants with bronchiolitis. The use of
RSV-neutralizing antibody [RSV-intravenous
immunoglobulin (IVIG) polyclonal antibody]
or intramuscular monoclonal antibody
(palivizumab—humanized mouse IgG mono-
clonal antibody that binds the F protein of
RSV) has been shown to reduce the risk of
hospitalization in 41% to 50% of high-risk chil-
dren with prematurity with or without chronic
lung disease. RSV-IVIG may also be beneficial in
the treatment of patients with compromised
immune systems (112).

Pulmonary Mucosal Imnmunity

The pulmonary defense system includes the
anatomic and mechanical barriers of the respi-
ratory tract and mucosal immunity. These
barriers form a first line of defense against
mucosal transmitted pathogens. Most particles
are filtered out of the inhaled air by the mouth
and nose. Small particles (<4um in diameter)
can travel to the lower respiratory tract. Mechan-
ical barriers and reflex mechanisms (coughing
and sneezing) prevent and reduce the amount of
inhaled pathogens in the respiratory tract. The
mucosal defense system consists of both innate
barriers such as mucus, epithelium, and innate
immune mechanisms (phagocytic cells), and
adaptive host immunity, which consists of
humoral and cell-mediated immunity such as
secretory immunoglobulin A, CD4 T cells, and
antigen-specific cytotoxic T lymphocytes (113).

The conducting airways, made up of the
trachea and bronchi, are lined with ciliated
columnar epithelial cells, which secrete anti-
microbial factors and clear mucus, and generate
inflammatory chemokines and cytokines that
attract inflammatory and phagocytic cells into
the lung. There are three types of epithelial cells:
type L, type II and Clara cells. Type I cells are
alveolar epithelial cells responsible for gas
exchange. Type II cells produce a surface airway
liquid that contains lysozyme, lactoferrin, secre-
tory leukocyte proteinase inhibitor, catheli-
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cidins, and B-defensins, nitric oxide and extra-
cellular superoxide dismutase all of which
posses microbicidal activity (114,115). Clara
cells are localized in the bronchiole and involved
in lung remodeling. The B-defensins may func-
tion as nonspecific immune lung host response
and in communicating with memory T cells
and dendritic cells. In the lower respiratory
tract, humoral and cell-mediated host defenses
play an important role in pulmonary mucosal
immunity. Like the conducting airways, a surface
airway liquid is present that lines the alveoli,
and this microbicidal liquid contains surfac-
tant, fibronectin, immunoglobulin, comple-
ment factors, free fatty acid, and iron-binding
proteins. From an immunology point of view,
surfactant, which has several components,
serves to increase the microbicidal capacity of
macrophages, affect free-radical production and
lymphocyte activity, and bind various micro-
organisms including viruses (113). Binding
microorganisms with surfactant may result in
reduced microbial virulence or enhanced phago-
cytosis by neutrophils and alveolar macrophages
(116).

The respiratory tract is made up of phagocytic
cells, which include the alveolar macrophage,
interstitial macrophage, dendritic cells, and
intravascular macrophage (117). The alveolar
macrophages are located in the alveolar lining
fluid and defend the lower airways from inspired
foreign materials (118). Alveolar macrophages
are drawn into the lung when epithelial cells and
resident macrophages produce chemokines such
as macrophage inflammatory protein-1 (MIP-1),
MIP-2, and macrophage chemoattractant
protein-1 (MCP-1). The alveolar macrophages
function by phagocytosing and eliminating
organisms, and becoming a mediator of an
inflammatory response recruiting neutrophils
through the production of cytokines and
chemokines (119). The interstitial macrophages
are located in the connective tissue of the lung
and serve as a phagocytic cell and a class II
antigen presenting cell. Compared to alveolar
macrophages, interstitial macrophages do not
demonstrate Fc-receptor-independent phagocy-
tosis, cytokine production, or oxygen radical
production. Dendritic cells are located within
the epithelium of the trachea, conducting
airways, terminal airways, alveolar septa, pul-
monary vasculature, and visceral pleura, and
also serve as phagocytic cells and a class II
antigen presenting cell. These cells are derived
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from monocytes and migrate to lymphoid tissue
and stimulate T-cell immune responses. Den-
dritic cells are also capable of the production of
a variety of chemokines and cytokines that stim-
ulate both T-cell and B-cell immune responses
(119). Intravascular macrophages are located in
the capillary endothelial cells and they serve as
phagocytic cells and remove foreign or damaged
material entering the lung through the
bloodstream.

The recruitment of neutrophils, occurring by
chemokine and cytokine mediation, is vital to
the inflammatory response in the lung. Comple-
ment factors, specifically the fifth component of
complement,leukotriene B,, and peptides of bac-
terial cell walls are also responsible for eliciting
mediators of inflammation and recruitment of
neutrophils into areas of inflammation. These
mediators are responsible for attracting and
maintaining neutrophils to areas of lung injury
as well as regulating the inflammatory process
involved. Key chemokine and cytokines involved
in this process include IL-1, tumor necrosis
factor-o. (TNF-ou), IFN-y, IL-8, IL-10, IL-12,
and o-chemokines (120).

The lung epithelium produces antibody
through humoral immunity to prevent bacterial
adherence or growth. The humoral immunity
of the respiratory tract involves secretory im-
munoglobulin (sIgA), IgG, and IgM. Secretory
IgA is a major immunoglobulin involved in the
humoral immunity of the respiratory tract, and
it provides an important first line of defense
against the invasion of deeper tissues by respi-
ratory tract viruses. It prevents or reduces the
attachment of respiratory viruses and thus pre-
vents internalization of host cells. Polymeric IgA
has also been shown to neutralize virus intra-
cellularly, and the transport of polymeric IgA
(pIgA) across epithelial cells allows active elimi-
nation of immune complexes at mucosal sites
and even virus inside epithelial cells. Many live
attenuated viral vaccines optimize the produc-
tion of sIgA in forming mucosal immune pro-
tection to respiratory tract viruses. Secretory IgA
accounts for 10% of the total protein of nasal
secretions and provides antibacterial and antivi-
ral activity (121). Other immunoglobulins, IgG
and IgM, also provide antibacterial and antiviral
activity and aid in bacterial opsonization, com-
plement activation, agglutination, and neutral-
ization activity. They enter upper and lower
airways by the route of transudation from the
blood. Deficiencies in either IgG, or IgG, are
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associated with bronchiectasis, a progressive
dilation of the bronchi or bronchioles, as a con-
sequence of inflammation.

The cell-mediated immunity of the respira-
tory tract, as manifested by CD4" Th1 cells and
CD8" cytotoxic T lymphocytes, is especially
important against viruses and intracellular
parasites because these organisms can survive
within pulmonary macrophages. The CD4 to
CD8 ratio is approximately 2: 1. There is an esti-
mated 4 x 10° lymphocytes on the epithelial
surface of the human lung and more than 95%
are T cells. T cells outnumber B cells by 10:1 in
the lung. The lung has lymphoid tissue, located
in follicles along the bronchial tree in bronchus-
associated lymphoid tissue (BALT) and nasal-
associated lymphoid tissue (NALT) commonly
in the upper respiratory tract, tonsils, and ade-
noids, where uncommitted cells to memory T
and B cells exist and differentiate (122). The
pulmonary mucosal immune system allows for
production of specific immune effectors that
promote the removal or elimination of any viral
pathogen that challenges the respiratory mucosa
without damaging the mucosal surface or
impairing gas exchange. The BALT, similar to the
gut-associated lymphoid tissue of the intestinal
tract, is intimately involved with the pulmonary
mucosa and is considered the site where antigen
presentation to T cells occurs before clonal
expansion. Inhaled antigens that cross the respi-
ratory epithelia surface encounter the antigen
processing cells where B and T lymphocytes, in
the BALT, are stimulated to become memory and
effector cells. The increased memory T-cell
numbers result in local proliferation or migra-
tion of these cells from the BALT. The memory
lymphocytes are located in the submucosa and
lamina propria. The lymphocytes are made up
mostly of T cells of which 40% are CD4 cells
(helper) and up to 32% represent CD8 cells (sup-
pressor) (123). Pulmonary lymphocytes migrate
between lymphoid tissue and lung parenchyma.
The effector cells are located between epithelial
cells and in the interstitium of the lung. The
cytotoxic T lymphocytes are present in the pul-
monary mucosa.

Inhaled antigens that reach the alveolus
encounter antigen-presenting cells, which acti-
vate alveolar lymphoid cells. Activated alveolar
lymphoid cells stimulate memory lymphocytes
to migrate to areas of inflammation, which
results in a localized accumulation of antigen-
specific T and B lymphocytes. The critical step
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in this inflammatory process is the binding of T
cells to endothelium via the interaction of leuko-
cyte function-associated antigen-1 integrins on
the lymphocyte cell surface with endothelium
ligands such as ICAM-1 and -2 and vascular
cell adhesion molecule-1. Ligands on the
endothelium are expressed via the upregulation
of inflammatory mediators IL-1, IFN-y, and
TNF-a. Activated lymphocytes function by pro-
ducing antibody, having cytotoxic activity, or
producing inflammatory mediators. Cytotoxic
cells within the lung, including natural killer
cells, antibody-dependent cytotoxic cells, and
antigen-restricted cytotoxic cells, can produce
cytokines when they interact with pathogens.
Unstimulated T lymphocytes produce IL-2 and
memory T lymphocytes are able to produce Thl
and Th2 pattern of cytokines. A Thl immune
response involves cell-mediated inflammatory
reactions with the production of cytokines such
as IFN-v, IL-2, IL-6, and IL-10. A Th2 immune
response involves humoral immunity with
cytokine production such as IL-4, IL-5, and IL-
10 and antibody production. Other cytokines
may be secreted by both a Th1 and Th2 immune
response such as TNF-a, IL-3, and granulocyte-
macrophage colony-stimulating factor. Stimu-
lated alveolar epithelial cells express a variety of
integrins such as ICAM-1 that allow the infiltra-
tion and retention of lymphocytes, leukocytes,
and monocytes.

Conclusion

Respiratory viruses, such as adenovirus, SARS-
CoV, influenzavirus, rhinovirus, and respiratory
syncytial virus, are common causes of pul-
monary and nonpulmonary clinical syndromes.
These viruses are a significant cause of morbid-
ity and mortality worldwide. The pulmonary
defense has the difficult task of balancing the
ability to destroy or remove the constant barrage
of foreign antigens that assault our mucosal
tissues without causing undue and injurious
inflammation. Pulmonary mucosal immunity
consists of both innate and acquired immunity,
which are essential in protecting the host
from developing a respiratory tract illness.
Specifically, humoral immunity (B cells and
immunoglobulin) and cell-mediated immunity
(antigen-presenting cells and T cells) are vital to
protecting the host against respiratory viruses.
It is these protective mechanisms that defend
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the pulmonary mucosa from colonization and
invasion by viral pathogens and keep most
people healthy despite a continuous barrage of
inhaled pathogens and particulates.
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