S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



THE PATHOBIOLOGY OF ASTHMA: IMPLICATIONS FOR TREATMENT

0272-5231/00 $15.00 + .00

THE ROLE OF RESPIRATORY
VIRUSES IN ACUTE AND

Respiratory tract infections caused by
viruses,?* 7 chlamydia,!® 1 % % 16 and myco-
plasma® have been implicated in the patho-
genesis of asthma. Viruses have been demon-
strated to be associated with asthma
epidemiologically in at least two ways (Fig.
1). First, during infancy, certain viruses have
been implicated as potentially being responsi-
ble for the inception of the asthmatic pheno-
type. Second, in patients, particularly chil-
dren, with established asthma, viral upper
respiratory tract infections play a significant
role in producing acute exacerbations of air-
way obstruction that may result in frequent
outpatient visits or hospitalizations.24 5%
This article reviews these two areas by focus-
ing first on mechanisms by which virus infec-
tions may lead to the development of asthma
in infants and children and, second, on mech-
anisms by which virus infections may pro-
duce acute asthmatic symptoms in patients
who already have established disease.
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CHRONIC ASTHMA

Amjad Tuffaha, MD, James E. Gern, MD,
and Robert F. Lemanske, Jr, MD

VIRAL INFECTIONS AND THE
INCEPTION OF ASTHMA

Infections with respiratory syncytial virus
(RSV) or parainfluenza virus (PIV) have re-
ceived much attention because of their predi-
lection to produce a pattern of symptoms
termed bronchiolitis that parallels many of the
features of childhood and adult asthma.®’” Res-
piratory syncytial virus causes about 70% of
these episodes and it is estimated that, by age
1 year, 50% to 65% of children will have been
infected with this virus” and 40% of these
infections involve the lower respiratory
tract.”? By age 2, nearly all children will have
been infected with RSV at least once. Children
aged 3 to 6 months are most prone to develop
lower respiratory tract symptoms, suggesting
that a developmental component (e.g., lung
or immunologic maturation) may be involved
as well.” 8

The relationship between RSV infections
during the first few years of life and the sub-
sequent development of the asthmatic pheno-
type has been the subject of much interest as
well as controversy. Variations in reporting

From the Departments of Pediatrics (JEG, RFL) and Medicine (AT, RFL), Division of Allergy, Immunology, and
Rheumatology, University of Wisconsin Medical School, Madison, Wisconsin

CLINICS IN CHEST MEDICINE

VOLUME 21 « NUMBER 2 « JUNE 2000

289



290 TUFFAHA et al

Healthy infant

RSV
PIV

Wheezing lliness

/ \Atopy

Resolution Asthma

Child or adult
with asthma

Rhinovirus

Exacerbation of asthma
* Emergency room visits
* Hospitalization

Figure 1. Mechanisms by which viruses may influence either the
inception of asthma or exacerbations of the underlying disease
process once it has been established. RSV = respiratory syncytial

virus; PIV = parainfluenza virus.

longitudinal outcomes (e.g., recurrent wheez-
ing, measurements of airway hyperrespon-
siveness, diagnosis of asthma) appear to be
influenced mostly by the criteria used to de-
fine “bronchiolitis.” These criteria include the
type of virus producing the symptoms (in
addition to RSV, viruses that may contribute
to the development of bronchiolitis in this age
group could be PIV, coronavirus, influenza-
virus, and rhinovirus®); the age at the time of
infection; the nature and severity of symp-
toms required for inclusion; and, finally, the
characteristics of both the study population
(community versus hospital-based) and the
study design (retrospective versus prospec-
tive). A number of long-term prospective
studies of children admitted to a hospital
with documented RSV-induced bronchiolitis
have shown that about 75% experience
wheezing in the first 2 years after the initial
illness, more than 50% still wheeze 3 years
later, and approximately 40% continue to
wheeze after 5 years.#* 4 7% %1, 117,121
Additional insight into these areas recently
was provided by the results of an 11-year
prospective study involving 880 children who
were enrolled at birth, followed for the devel-
opment of lower respiratory tract illnesses
(LRIs) in the first 3 years of life, and then
evaluated for the presence or absence of phy-
sician-diagnosed asthma or a history of cur-
rent wheezing at ages 6 and 11 years."* Most
importantly, lung function was evaluated in
the first few months of life in a subset of
these children prior to the development of a
documented LRI. During the first 3 years of
life, 7.4% had pneumonia documented radio-

graphically and 44.7% had a significant LRI
without pneumonia. Respiratory syncytial vi-
rus and PIV were identified in 36.4% and
7.3%, respectively, in the subjects with pneu-
monia, and in 35.6% and 15.2%, respectively,
of the subjects with a LRI. At age 6, physician-
diagnosed asthma was present in 13.6% (OR
= 3.3), 102% (OR = 24), and 4.6% of the
subjects with pneumonia, LRI, and no LRI,
respectively. By age 11, these values increased
to 25.9% (OR = 2.8), 16.1% (OR = 1.6), and
11%, respectively. Mean maximum volume at
functional residual capacity values before any
LRI were lower in children with pneumonia
and with LRIs than in children with no LRIs.
These values continued to be lower at age 6
and by age 11, when forced expiratory vol-
ume in 1 second (FEV;) and FEF,;; were
recorded, similar group relationships per-
sisted. Interestingly, despite the persistence of
lowered baseline lung function in both the
pneumonia and LRI groups, many of these
deficits were markedly (but not completely)
reduced following administration of albut-
erol.

In a second report, further follow-up of this
large cohort of children demonstrated that
the risk for both frequent (more than three
episodes of wheezing per year) and infre-
quent (three episodes of wheezing per year)
wheezing in relation to RSV lower respiratory
illnesses decreased markedly with age and
became nonsignificant by age 13.1%* These
data suggest that, although RSV infections
contribute substantially to the expression of
the asthmatic phenotype, other factors (e.g.,
genetic, environmental, developmental) ap-
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pear to contribute as well, either in terms of
its initial expression or the modification of
the phenotype over time.

CONTRIBUTION OF ATOPY

In addition to premorbid lung function, the
influence of atopy on the development of the
asthmatic phenotype in relationship to viral
infections has also been evaluated. Interac-
tions between these two factors appear to be
bidirectional and dynamic, in that the atopic
state can influence the lower airway response
to viral infections,® 7! viral infections can in-
fluence the development of allergen sensitiza-
tion,?® 2 % and interactions can occur when
individuals are exposed simultaneously to
both allergens and viruses.' 68 100

Atopy can be defined as the genetic predis-
position to the preferential development of an
immunoglobulin (Ig)E antibody response to a
variety of environmental allergens. As stated
previously, atopy has been considered to be a
risk factor for the development of childhood
asthma and its influence on the pattern of
responses following viral infections has been
of interest to many investigative groups. It
has also been suggested that atopy could be
a significant predisposing factor for the devel-
opment of acute bronchiolitis during RSV epi-
demics.® Although some have found that
children most likely to have persistent wheez-
ing were those born to atopic parents, - 12t
others have not.** 7> # Some have found that
personal atopy is not more prevalent in
symptomatic children after bronchiolitis' 7;
others have found that documented RSV
bronchiolitis significantly increases a child’s
chances (32% versus 9% in controls) of subse-
quently developing IgE antibody® or lym-
phocyte proliferative responses” to both food
and aeroallergens.

RESPIRATORY SYNCYTIAL VIRUS
AND THE IMMUNE RESPONSE

Respiratory syncytial virus infections may
interact with immunoinflammatory mecha-
nisms involved in immediate hypersensitivity
responses in a number of ways.!® First, it has

been suggested that viruses capable of in-
fecting lower airway epithelium may lead to
enhanced absorption of aeroallergens across
the airway wall, predisposing to subsequent
sensitization.”” ** Second, RSV-specific IgE an-
tibody formation may lead to mast-cell-
mediator release within the airway, resulting
in the development of bronchospasm and the
ingress of eosinophils.3 6 & 115 115 120 Thjrd,
airway resident and inflammatory cell gener-
ation of various cytokines (tumor necrosis fac-
tor [TNF], interleukin [IL]-1, IL-6, IL-8)* &
106, 109 chemokines (MIP-1-, RANTES, MCP-
1),4:7¢ leukotrienes,"® and adhesion molecules
(intercellular adhesion molecule)®® may fur-
ther upregulate the ongoing inflammatory re-
sponse. Finally, similar to various allergenic
proteins,?” the processing of RSV antigens and
their subsequent presentation to lymphocyte
subpopulations may provide a unique mecha-
nism of interaction to promote a T-helper 2
(Th2)-like response in a predisposed host.

Respiratory syncytial virus belongs to the
family Paramyxoviridae, the genera Pneu-
movirus, and can be differentiated into two
serologic subgroups, A and B.** 7 It has 10
genes, with 12 potential gene products. The
G (attachment) and F (fusion) proteins are
the major surface glycoproteins against which
neutralizing antibody is directed. Interest-
ingly, in both murine? and human® in vitro
experiments, it has been noted that the G
protein elicits a predominant Th2 response,
whereas the F protein produces a predomi-
nant Thl response. In mice, to test the activi-
ties of T cells recognizing individual RSV pro-
teins in vivo, virus-specific T-cell lines have
been produced using recombinant vaccinia
viruses that express either the G or F proteins.
Following passive transfer of these cell lines
to naive recipients and subsequent intranasal
inoculation with RSV, mice receiving G-spe-
cific cells have more severe illnesses, charac-
terized by lung hemorrhage, pulmonary neu-
trophil recruitment, and intense pulmonary
eosinophilia.! These experiments are of inter-
est based on the adverse clinical response
noted in many infants who received a forma-
lin-inactivated RSV vaccine and subsequently
became infected with RSV.”

These intriguing observations regarding
RSV and its influence on Th1/Th2 responses
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have recently been expanded. Roman et al
evaluated 15 hospitalized infants (1-15
months) with an acute lower respiratory tract
infection caused by RSV. Compared with con-
trol infants, peripheral blood cells from in-
fected children had suppressed IFN-y produc-
tion ex vivo and, although IL-4 production
was also decreased, the IL-4/IFN-vy ratio was
significantly increased. Renzi et al® prospec-
tively followed 26 infants hospitalized with
bronchiolitis by obtaining blood samples at
the time of illness and 5 months later, and
found that immune responses during the
acute infection correlated with long-term pul-
monary outcomes. Blood lymphocytes, ob-
tained during the time of bronchiolitis, pro-
duced less IFN-y ex vivo in response to IL-2
and more IL-4 in response to D. farinae anti-
gen in children who went on to develop a
pattern of recurrent wheezing.®® Finally, lower
IFN-y production at the time of bronchiolitis
has been demonstrated to be an indicator of
reduced pulmonary function and increased
responsiveness to histamine 5 months after
bronchiolitis, and was related to the develop-
ment of asthma after bronchiolitis in infants.*”
In contrast, other groups have noted in-
creased levels of IFN-vy respiratory tract secre-
tions during RSV illnesses in infants and chil-
dren with bronchiolitis and recurrent
wheezing compared with those with upper
respiratory tract symptoms only.'® Unfortu-
nately, in all of the studies reported thus far,
the pattern of cytokine response these infants
had prior to infection was not evaluated, beg-
ging the question as to which of the observed
results may be cause and which effect.

ANIMAL MODELS

To more comprehensively evaluate the rela-
tionships among virus infection, atopy (cytok-
ine dysregulation of Th1/Th2 imbalance), and
immune system or lung developmental com-
ponents, a rat model of virus-induced airway
dysfunction has been studied extensively. In
this model, infection with PIV type 1 during a
critical developmental time period (when the
animals are weaning [3—4 weeks of age] as
opposed to when they are neonates [4-5 days]
or adults) produces chronic (8-12 weeks fol-

lowing infection), episodic, reversible airway
inflammation and remodeling with associated
alterations in airway physiology (increased
resistance and methacholine responsiveness)
that resemble human asthma in high (brown
Norway strain) but not low (F344 strain) IgE-
antibody producing rats.®? The temporal pro-
gression of this asthma-like syndrome is asso-
ciated with a Th1/Th2 imbalance within the
lung, and its development can be significantly
attenuated by the exogenous administration
of IFN-8 just prior to and during the viral
infection in the brown Norway responder
strain.’®® This model further supports the con-
cept of both genetic (atopy; cytokine dysregu-
lation or imbalance) and environmental fac-
tors (virus infection) being important in the
inception of the asthmatic phenotype, as well
as a developmental component contributing.

EFFECT OF VIRAL INFECTIONS IN
PATIENTS WITH ASTHMA

Respiratory viruses are common causes of
asthma exacerbations in asthmatic subjects of
different age groups.”” ™ % Serology or culture
detection methods of viruses initially indi-
cated an association during asthma exacerba-
tions® despite the fact that these detection
methods are relatively insensitive for viruses
such as rhinovirus (RV). The use of reverse
transcription polymerase chain reaction (RT-
PCR) assays that are more sensitive for detec-
tion of RV have confirmed and expanded
these initial observations.® Indeed, Johnston
et al” found that 80% to 85% of school-aged
children with acute wheezing episodes tested
positive for a virus using RT-PCR and other
standard virologic techniques. The virus most
often detected was RV. Seasonal patterns of
upper respiratory virus infections correlate
closely with hospital admissions for asthma,
particularly in pediatric age groups.® These
studies indicate that RV infections are the
most common cause of asthma exacerbations
in children, especially during spring and fall.
Similar studies, performed in adults,”* found
that about half of asthma exacerbations were
associated with RV infection.

As discussed previously, in infancy, atopy
may define a susceptibility of the host to
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wheezing with respiratory infections. Duff et
al, 2 for example, studied children who pre-
sented to an emergency department with
wheezing. Children over 2 years of age were
more likely to have respiratory allergies or a
confirmed respiratory viral infection com-
pared with children with no wheezing. Chil-
dren with the highest risk for wheezing were
those who had respiratory allergies and respi-
ratory viral infection, implying that respira-
tory viral infections and respiratory allergies
may have synergistic effects on lower airway
physiology and enhance the likelihood of
wheezing with respiratory infection. In chil-
dren less than 2 years of age, wheezing was
also noted, but risk factors for wheezing were
quite different. These infants were not aller-
gic, had RSV as the major viral isolate, and
had passive tobacco smoke exposure as a ma-
jor risk factor for wheezing.

MECHANISMS OF VIRAL-INDUCED
AIRWAY OBSTRUCTION AND
ASTHMA

Development of Variable Airway
Obstruction

Available epidemiologic data in children
and adults have shown that episodic drops in
peak flow measurements are associated with
RV infections. This was found to correlate
with an increase in asthma symptoms and
nonspecific airway hyperresponsiveness fol-
lowing experimentally infecting asthmatic
subjects with RV.*> #! Further studies by Griin-
berg et al® demonstrated that experimental
RV16 infection leads to a transient drop in
daily home recordings of FEV, in subjects
with asthma. This variable airway obstruction
correlated significantly with cold symptoms,
asthma symptoms, and the increase in airway
hyperresponsiveness to histamine. Such daily
variability in FEV, reflects the inflammatory
changes within the airway wall, which can be
induced by the natural RV infection.

Increased Bronchial
Hyperresponsiveness

Increased bronchial responsiveness has
been found in normal and asthmatic subjects

following infections with RV% and influenza
A6 7 In a study by Cheung et al® 14
subjects with mild asthma were inoculated
with RV16 or placebo. The maximal contrac-
tile response to inhaled methacholine was sig-
nificantly greater during the RV16 infection
and remained elevated for up to 15 days after
the acute infection. This study indicates that
an upper respiratory viral infection can en-
hance the reactivity of the lower airway and
the magnitude of bronchonstriction changes,
which can persist for weeks after the acute
infection.

Respiratory viral infections’ effect on lower
airway responses are also influenced by host
factors. In particular, allergic subjects experi-
ence greater changes in airway respon-
siveness after viral infection than nonallergic
control subjects.” ** Furthermore, subjects
with lower FEV, values tend to have greater
changes in airway responsiveness during vi-
ral infection.® These studies suggest that ef-
fects of pre-existing conditions such as allergy
and intrinsic lower airway function on caliber
are likely to contribute to airway hyperre-
sponsiveness during respiratory viral infec-
tion.

Neural Control of the Airways

Potential mechanisms through which viral
infections could potentially cause broncho-
constriction and increased airway respon-
siveness include enhancing parasympathetic
bronchoconstrictive responses, stimulation of
airway sensory nerves, and interference with
the bronchodilatory functions of the nonad-
renergic, noncholinergic neurons (Table 1).
Because of difficulties in assessing dysfunc-
tion of pulmonary neural regulation in hu-
mans, most data that support these proposed
mechanisms were derived in animal models
of acute respiratory viral infection. Further
definition of these pathways in humans will
depend upon the development of new experi-
mental techniques or inhibition of specific
neural pathways.

Structural Effects on the Small
Airways

Changes in small airways structure and
function may also contribute significantly to
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Table 1. NEURAL MECHANISMS IMPLICATED IN VIRUS-INDUCED AIRWAY DYSFUNCTION

Effect of Virus

Potential Mechanisms

References

Heightened
parasympathetic ¢ Viral neuraminidase
responses
* My-independent mechanisms
Bronchoconstriction Enhanced contractile responses to neurokinins
secondary to sensory
C-fibers

Inhibition of nonadrenergic—
noncholinergic neurons

* Increased efferent activity of efferent cholinergic nerves

* Eosinophil cationic protein-induced M, dysfunction

Reduced production of nitric oxide

Buckner et alt
Fryer et al®®
Jacoby et al®
Sorkness et al'
Jacoby et al®®
Ladenius et al®
Roberts et al®
Saban et al®
Colasurdo et al'¢

the severity of hyperinflation and gas ex-
change abnormalities noted in acute asthma
exacerbations. The maximal airway contrac-
tile response to methacholine in mild asthma-
tic subjects is increased during a cold, which
is probably secondary to excessive airway
narrowing attributable to airway wall thick-
ening, airway parenchymal uncoupling, or
abnormalities in smooth muscle contraction.’
Significant changes in airway morphology are
noticed in animals with acute viral respira-
tory illness that leads to marked bronchiolar
narrowing and plugging. These changes in-
clude bronchiolar airway edema and cell in-
filtration, epithelial hyperplasia, and folding
and sloughing of airway epithelial surfaces.
In addition, rats with mild increases in pul-
monary resistance and methacholine sensitiv-
ity during acute viral respiratory illness have
evidence of air trapping and ventilation—
perfusion mismatches.!” These latter findings
indicate that viruses can induce significant
changes in the peripheral airways that have
significant functional outcomes in the absence
of marked changes in measurements of air-
way obstruction and hyperresponsiveness.

Effects of Respiratory Viruses on
Airway Inflammation

Respiratory viruses can cause inflammation
and injury to healthy airways and can worsen
injury in airways that are already inflamed,
as demonstrable in asthma. Respiratory vi-
ruses can induce an inflammatory process by
direct cytopathic effects on the airway epithe-
lium (e.g., RSV bronchiolitis) and can induce
an immune response to stop viral replication
and eradicate the virus. The immune re-

sponse to viral infection may be a double-
edged sword, however, as virus-induced in-
flammation can also contribute to airway ob-
struction and respiratory symptoms. Indeed,
although many common cold viruses (e.g.,
RV) do not produce significant cytopathic ef-
fects, possibly because few cells are infected,
the immunoinflammatory response to the vi-
rus is probably the major cause of respiratory
symptoms. In this section, the association be-
tween virus-induced immune responses and
respiratory symptoms is explored.

Role of Epithelial Cells

Respiratory viruses replicate primarily in
airway epithelial cells. In addition to serving
as host cells, it is now well documented that
epithelial cells also initiate the immune re-
sponse to infections through the secretion of
cytokines and chemokines. In vitro studies of
epithelial cells or cell lines have demonstrated
that respiratory viruses such as RV, RSV, and
parainfluenzavirus can induce the secretion
of many different proinflammatory cytokines
(IL-1, TNF-a, GM-CSEF, IL-6, IL-11) and chem-
okines (RANTES, IL-8, MIP-1a).!® 2. 23 %6, 9, 105
Epithelial-derived chemokines are likely to
be an important signal in initiating antiviral
responses through the recruitment of leuko-
cytes to the airway. In support of this concept,
IL-8, a potent neutrophil chemoattractant, is
found in high levels in nasal secretions of chil-
dren with virus-induced asthma, and levels
of IL-8 correlate with the number of airway
neutrophils and neutrophil myeloperoxidase
levels (suggesting neutrophil activation).®
There is also evidence, however, that en-
hanced airway inflammation caused by chem-
okine secretion may also disturb normal air-
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way physiology. Chemokine levels in nasal
secretions correlate closely with cold symp-
toms," for example, and IL-8 levels correlate
with virus-induced changes in airway respon-
siveness.*! Levels of epithelial-derived cytok-
ines such as IL-6 and IL-11 also correlate with
respiratory symptoms,” and animal studies
indicate that overexpression of IL-11 can
cause bronchial hyperresponsiveness.? 17

In addition to stimulating cytokine produc-
tion, RV can upregulate epithelial cell surface
expression of intercellular adhesion molecule-
1, which, in addition to facilitating cellcell
adhesion, is the receptor for the major group of
RV% 19 This enhanced expression of adhesion
proteins may contribute to the persistence
and severity of inflammation in asthmatic
subjects and, possibly, the greater susceptibil-
ity of asthmatic children to colds compared
with nonasthmatic children.

Mechanisms for the activation of cytokine
genes in epithelial cells and adhesion mole-
cules are under investigation. It is known that
nuclear factor-k B activation is important in
virus-induced transcriptional regulation of
IL-6® and, possibly, for the synthesis of a
variety of inflammatory cytokines.” In addi-
tion, nitric oxide may regulate virus-induced
chemokine production through a posttran-
scriptional mechanism and by inhibiting viral
replication,” although a clinical study did not
find a relationship between IL-8 and nitrate
levels in nasal secretions.®®

Effect on Granulocytes

Granulocyte recruitment and activation
seem to have an important role in the patho-
genesis of virus-induced asthma exacerba-
tions. Griinberg et al,*! for example, experi-
mentally inoculated 35 atopic asthma subjects
with either RV16 or placebo and found that
neutrophil counts in the peripheral blood cor-
related with the cold and asthma symptom
scores and cold-induced changes in airway
hyperresponsiveness. In addition, eosinophil
granular proteins and leukotriene C, have
been detected in the nasal secretions of in-
fants and children with virus-induced wheez-
ing illnesses.®> # %7 116 Increased concentrations
of sputum eosinophil cationic protein found
during the acute phase of RV infection corre-

lated with increases in airway responsiveness
in a group of adults with asthma after experi-
mental inoculation with RV16.* In vitro ex-
periments indicate that RV does not activate
eosinophils directly®; it is more likely that
inflammatory mediators and cytokines, se-
creted by virus-activated cells in the lung,
contribute to eosinophil activation. Finally,
guinea pigs infected with PIV develop airway
eosinophils and airway hyperresponsive-
ness? and this outcome is blocked if the
guinea pigs are pretreated with IL-5-
neutralizing antibody."

Role of Mononuclear Cells

Most respiratory viruses replicate quickly
and, within a few days of inoculation, the
quantity of viruses and viral proteins is suffi-
cient to activate mononuclear cells in the air-
way. In vitro infection of human monocytes
with respiratory viruses, for example, leads
to a potent proinflammatory cytokine re-
sponse by release of IL-8, IL-1, and TNF-a.%
549 Interleukin-1 and TNF-a can increase cell
recruitment into the airway by enhancing ad-
hesion molecule expression on endothelial
cells. In addition, TNF-a has been associated
with wheezing illnesses in infancy® and the
development of late-phase allergic reaction
and asthma.*> ¥ Monocytes and macrophages
also produce interferon (INF), and its appear-
ance in nasal secretions coincides with the
onset of the recovery process. In addition to
cytokine production, macrophages incubated
with RSV or PIV produce lipid mediators
such as prostaglandin E, platelet-activating
factor, and thromboxane B,* 78 4 that can
augment airway inflammation.

Lymphocytes, including natural killer cells,
CD8+ cytotoxic T cells, and CD4+ T cells,
are involved in limiting viral replication and
viral clearance. To test the possibility that
variations in lymphocyte responses might ac-
count for variability in the ability to clear
viral infections, Parry et al*® measured in vitro
lymphocyte responses in a group of allergic
subjects who were then inoculated with RV
16. Vigorous virus-induced responses (lym-
phocyte proliferation or IFN-y secretion) be-
fore inoculation correlated with reduced viral
shedding after inoculation. These results sug-
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gest that factors related to the host cellular
response help determine the degree of viral
replication during respiratory viral infections.
Further characterization of these host factors
may lead to new therapeutic strategies for
respiratory infections, a goal that is particu-
larly important for people with asthma.

Several studies have shown that viral infec-
tions activate a wide range of T cells. Evi-
dence for this comes from experiments in
mice, in which most of the T cells found in
the lung after an acute viral infection are not
virus-specific,?! and in vitro studies, in which
25% to 50% of human peripheral blood T
cells express the early activation marker CD69
after 24 hours in culture with RV.3¢ RANTES,
induced by respiratory viruses, at high con-
centrations can also induce antigen-indepen-
dent T-cell activation.® These studies suggest
that respiratory viruses can induce early, non-
specific T-cell activation and recruitment that
could significantly increase the intensity of
airway inflammation, resulting in airway dys-
function and respiratory symptoms.

This hypothesis is supported by studies of
volunteers infected with rhinovirus. Respira-
tory virus infections usually cause peripheral
lymphopenia and increased numbers of lym-
phocytes in the upper and lower airways, for
example. The degree of peripheral blood lym-
phopenia and lymphocytic infiltration of the
airway epithelium has been correlated with
the increases in airway responsiveness.!> %

Interactions Between Viral Infections
and Responses to Allergen

Although viral infections cause similar up-
per respiratory symptoms in allergic and non-
allergic individuals,* '© there is evidence of
interactions between virus- and allergen-in-
duced responses in the lower airway. Leman-
ske and colleagues,® for example, identified
10 patients with allergic rhinitis and experi-
mentally infected them with RV16. The viral
infection increased airway reactivity to both
inhaled allergen and histamine, and also in-
creased the frequency of a late allergic reac-
tion to inhaled antigens. Moreover, Calhoun
and colleagues®® used bronchoscopy to study
the inflammatory response to allergen in indi-

vidual lung segments before, during, and 1
month after RV16 infection. RV infection en-
hanced the immediate antigen-induced re-
lease of histamine, and also increased eosino-
phil recruitment of eosinophils to the lung.

SUMMARY

Respiratory infections can have dual effects
related to asthma. First, there is increasing
evidence that severe infections with RSV and
PIV in infancy can alter lung development
and physiology to increase the risks of subse-
quent wheezing and asthma. Second, infec-
tions with common cold viruses and influ-
enza commonly precipitate wheezing
symptoms in children and adults who already
have established asthma, and RV appears to
be the most important virus in producing ex-
acerbations of the disease. The principal
mechanisms by which this occurs appears to
be viral replication in epithelial cells, trig-
gering a cascade of inflammation involving
granulocytes, macrophages, T cells, and se-
creted cytokines and mediators. The inflam-
matory process, although essential to clear
the infection, augments pre-existing airway
inflammation in asthma, leading to increased
airway obstruction and lower respiratory
tract symptoms. Greater understanding of vi-
rus-induced changes in inflammation and
corresponding changes in airway physiology
may lead to new therapeutic approaches to
the treatment and prevention of virus-in-
duced airway dysfunction.
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