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Respiratory infections and asthma:
current treatment strategies

Miles Weinberger

Infections such as lower respiratory illness potentially contribute to the
initiation of asthma and are major factors in recurring acute exacerbations
of the condition. Although typical bacterial respiratory pathogens such
as Streptococcus pyogenes, Streptococcus pneumoniae and Hemophilus
influenzae do not initiate asthmatic exacerbations, data from a subgroup
of adults suggest a potential role for Mycoplasma pneumoniae and
Chlamydia pneumoniae in the onset of asthma. Common cold viruses,
predominantly respiratory syncytial virus (RSV) in young children and
rhinoviruses in older children and adults, are the major causes of acute
exacerbations of asthma. These exacerbations are not prevented with
maintenance therapies that are used for chronic asthma, but do respond
to short courses of systemic corticosteroids. There are continued attempts
to produce a successful vaccine and antiviral agents for the treatment of
RSV that are more effective and more practical to use than ribavirin, which
is currently the only available antiviral for RSV. The prevention and
treatment of rhinovirus infections have focused on the major receptor for
the virus, intercellular adhesion molecule-1 (ICAM-1), which is located on
respiratory epithelial cells. A multivalent, recombinant, antibody fusion
protein identified as CFY196 has high avidity for ICAM-1 and has the
potential to protect against rhinovirus infection. Another approach for
preventing and treating rhinovirus infection uses a recombinant, soluble,
truncated form of ICAM-1 in which the transmembrane and intracellular
domains of the protein have been deleted. An initial clinical study on this
agent demonstrated clinical efficacy in ameliorating the symptoms of
experimental rhinovirus infection in volunteers, but did not significantly

prevent infection.

V Infections have long been associated with
asthma, and viruses in particular have been
implicated in the inception of asthma and
have been purported to contribute to the exac-
erbation of this condition [1]. The most com-
mon cause of an initial wheezing episode in
infancy is respiratory syncytial virus (RSV).
This virus occurs in annual epidemics and infects
virtually all children at some point in their first
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two years of life, with the majority becoming
infected during their first year. In a prospective
study of 125 normal births in Houston (TX,
USA), almost 70% of the infants were infected
with RSV during the first year of life, and over
20% of the children developed lower res-
piratory illness in association with RSV [2].
Although only 10% of the children with lower
respiratory illness were hospitalized, these data
suggest that there is a substantial risk for in-
fants. A recent report indicated that as many as
3% of infants in the USA are hospitalized an-
nually because of lower respiratory illness as a
result of contracting RSV [3].

The symptoms of asthma often manifest
after RSV-induced bronchiolitis. Although a
quarter to half of the children who were hos-
pitalized with RSV infection were observed in
later years to have recurrent wheezing and
physician diagnoses of asthma, this occur-
rence was uncommon among those children
who were less severely affected; these children
were followed as a control population [4-7].
Thus, when healthy babies become infected
with RSV, the majority only exhibits the
symptoms of a common cold with nasal dis-
charge. However, a minority of RSV-infected
children suffers from bronchiolitis, which is
the most common cause of hospitalization
during the first year of life. Of those children
who develop bronchiolitis, ~25-50% subse-
quently have symptoms of an intermittent
pattern of asthma that is characterized by
recurrent wheezing only in association with
ensuing viral respiratory infections. Whereas
clinical experience and natural history studies
suggest that the majority of such children
remit later in childhood, some continue to
have recurrent or chronic lower airway dis-
ease from asthma throughout childhood and
some also suffer from these conditions in
adulthood (Figure 1) [8].
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Figure 1. Clinical consequences of initial infection with
respiratory syncytial virus in infancy. Data indicate that virtually
all children become infected with RSV during the first year of
life; the majority of children only contract a URI, the symptoms
of which are the same as that of a common cold. Approximately
20% of children infected with RSV, depending on genetic and
perhaps also prenatal factors, develop the LRI known as
bronchiolitis. For at least half of those, this is an isolated
occurrence of the iliness, whereas others have recurrent LRI
with VRI. Some children that have repeated episodes of LRI,
particularly if they have the genetic predisposition to develop
allergic antibody in the immunoglobulin E class (commonly
identified as atopy), go on to have persistent symptoms that are
consistent with a chronic pattern of asthma. Abbreviations:

LRI, lower respiratory illness; RSV, respiratory syncytial virus;

URI, upper respiratory infection; VRI, viral respiratory infections.

Prevention of morbidity from asthma could therefore
benefit from measures that prevent or treat the various
infections that precipitate acute exacerbations of asthma.
This review addresses the influence of infections on the
clinical course of asthma, the current treatment for infec-
tion-induced asthma and new therapies that are on the
horizon that could potentially benefit asthma therapy by
preventing or treating the infection itself.

Influence of subsequent infections on the clinical
course of asthma

Viral respiratory infections are a major cause of asthma
exacerbations at all ages [9-13], and appear to be the major
contributory factor to the large increase in individuals
admitted to hospital with symptoms of asthma that is
observed every autumn (September-November) in many
countries, including the USA, Canada and England [14].
Children of a preschool age have a particularly high fre-
quency of viral respiratory infections, with the majority
contracting 3-8 infections per year and 10-15% develop-
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ing 12 or more per year [15]; this statistic probably explains
the substantially higher frequency of asthma hospitaliza-
tion observed in the preschool age group when compared
with older children and adults. Based on data from the US
Center for Health Statistics (http://www.cdc.gov/nchs), the
annual rate of hospitalization in children who are 1-4
years old has been ~1 in 200 children compared with 1 in
500 children who are 5-14 years old and 1 in 1000 for
individuals who are 15-24 years of age [16]. Rates of hospi-
talization that are similar to these can be found in reports
from Singapore [17], Finland [18] and Norway [19].

Epidemiological studies have detected viral upper res-
piratory infections in 85% of childhood asthma exacerba-
tions [12] and in over half of adult exacerbations [11]; these
upper respiratory infections are probably responsible for sea-
sonal peaks of asthma-related hospital admissions [14,20].
Whereas rhinovirus is the most common contributor to
exacerbation of asthma in adults and older children, RSV is
the most frequent initiator in young children [9,11-13].
Thus, rhinovirus and RSV infections have been linked with
asthma inception and exacerbation. The role of the recently
described metapneumovirus as a cause of exacerbations of
asthma remains to be fully defined, but coughing and
wheezing, which are symptoms that are associated with
asthma, are frequently reported with this infection [21-24].

Typical respiratory bacterial infections such as Streptococcus
pyogenes, Streptococcus pneumoniae and Hemophilus influenzae
have not been associated with exacerbations of asthma [9].
However, data have linked Mycoplasma pneumoniae and
Chlamydia pneumoniae with the onset and persistence of
asthma [25].

Treatment of respiratory infections associated with
asthma

Although antibiotics are often prescribed by practitioners
for acute exacerbations of asthma [26,27], this practice is
not consistent with the demonstrated absence of typical
respiratory bacterial infections that are associated with ex-
acerbations [9]. Moreover, no clinical effect from antibiotics
could be demonstrated in randomized double-blind, placebo-
controlled trials of acute asthma [28-30]. A potential role
for the use of a macrolide antibiotic (clarithromycin) that is
effective against M. pneumoniae and C. pneumoniae has
been suggested for a subpopulation of adults with asthma
(Figure 2) [31,32]. Although a prolonged course of clar-
ithromycin in patients with positive PCR tests for
M. pneumoniae resulted in a statistically significant effect
on pulmonary function (P = 0.05), in patients showing evi-
dence of infection with M. pneumoniae or C. pneumoniae,
the magnitude of effect was small, with the mean forced ex-
piratory volume (FEV,) in one second, which is a standard
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measure of airflow, increasing only modestly from 2.5 to
2.8 1. Because the baseline FEV, represented a value that was
69% of the expected value for a normal population of the
size, age and sex of the patients, and because the increase
would result in a mean that was only ~74% of the expected
mean, these results indicate persistence of obstruction to
airflow. Moreover, no indication of improved symptom
control was reported. Further investigations of the relation-
ship between M. pneumoniae and asthma are ongoing. For
example, Richard Martin of the Department of Medicine at
the National Jewish Medical and Research Center
(http://www.njc.org) is the principal investigator on two
National Institutes of Health (NIH; http://www.nih.gov)
grants relating to the association between M. pneumoniae
and asthma. Investigators of the Asthma Clinical Research
Network (http://www.acrn.org) will have access to one of
the grants (funded 2003-2008) to study the link between
chronic infection with M. pneumoniae and C. pneumoniae
and chronic asthma (Grant number 1U10HL074073-01).
The second grant, which is funded from 2004 to 2009, is a
Program Project Grant that comprises 16 investigators
separated between four Projects and two Cores to continue
research into the link between chronic infection with
M. pneumoniae and chronic asthma (Grant number
1PO1HLO73907-01A1). T. Prescott Atkinson (University of
Alabama, Birmingham; http://main.uab.edu) has had NIH
support to study the incidence of M. pneumoniae infections
in children with chronic asthma, as well as the host im-
mune response to the infection in those children (Grant
SRO1HL061000-04, 2002-2004).

Because of their association with urgent care and hospi-
talization, the effective treatment of acute exacerbations of
asthma from viral respiratory infections is of major impor-
tance. Systemic corticosteroids have long been recognized
as effective agents for the treatment of acute exacerbations
of asthma. However, the tradition for many years was to
use them only when it was apparent that vigorous and
repetitive use of bronchodilators had failed. Several studies
over the past 15 years have demonstrated that the early
aggressive use of systemic steroids in children who are
having an acute exacerbation of asthma affords a distinct
clinical advantage.

Storr et al. [33] examined the effect of oral prednisolone
in children (mean age of five years) who had been hospi-
talized with acute asthma. In a randomized double-blind,
placebo-controlled trial, 67 children received prednisolone
and 73 received placebo shortly after admission. Children
who were less than five years old and those who were five
years old or older received 30 mg and 60 mg of pred-
nisolone, respectively. Five hours after the beginning of
treatment, a decision was made concerning the condition
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Figure 2. Forced expiratory volume in one second after
treatment with clarithromycin. Clarithromycin was administered
to 31 asthmatics who were positive (demonstrated by PCR)

for Mycoplasma pneumoniae or Chlamydia pneumoniae and

24 who were negative for the same infections. Dose size of
clarithromycin was 500 mg twice daily for six weeks. The
difference between the baseline and clarithromycin treatment
among the PCR-positive patients was significant (P = 0.05),
whereas no significant effect was associated with clarithromycin
in the PCR-negative patients [32]. Abbreviations: FEV,, forced
expiratory volume in one second.

of the children. Of the children who had received
prednisolone, 20 could be discharged, compared with only
two of those who had received placebo. Among those not
discharged at 5 h, a more rapid improvement and earlier
discharge occurred in the prednisolone-treated patients
than in those who had received placebo.

In another study, Tal et al. [34] investigated the efficacy
of the administration of systemic corticosteroids to chil-
dren (0.5-5 years) in a specific age range that was represen-
tative of the typical ages of children admitted to emer-
gency rooms suffering from acute asthma [34]. In a
double-blind, placebo-controlled trial, the administration
of 4 mg kg-! of intramuscular methylprednisolone resulted
in a reduction in the number of children admitted to
hospital who were examined at 3 h after medication
administration; the number of children admitted was re-
duced from 43% for those dosed with the placebo (normal
saline) to 20% of those children to whom methylpred-
nisolone had been administered.

In a similar randomized, double-blind trial in which 36
children (mean age of five years) received 2 mg kg-! of oral
prednisone and 39 received placebo, in a mock decision to
admit to hospital at 2 h after administration of the treat-
ment, no difference was observed in the number of children
admitted to hospital [35]. However, at 4 h, 19 (49%) of the
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placebo-treated children were admitted, compared with
only 11 (30%) of the prednisone-treated children. The dif-
ferences were substantially larger for a subgroup that were
judged to be the most ill, where 72% of the placebo-treated
children were admitted compared with less than half that
number among the prednisone-treated children.

Bronchiolitis is often the first viral respiratory infection-
induced episode of lower airway obstruction in children
who subsequently have asthma exacerbations from the
same viruses. However, this condition has been shown to
respond to corticosteroids, if a sufficient dose is used
[36,37]. Although previous studies at lower doses resulted
in equivocal benefit at best, the study by Schuh et al. [36]
demonstrated a 57% reduction in blinded decisions to
hospitalize infants with bronchiolitis that were examined
in the emergency department at 4 h after administration
of 1 mg kg-! of dexamethasone or placebo.

The value of early administration of oral corticosteroids
has been investigated in ambulatory children (median age
12 years) that exhibit occasional acute exacerbations de-
spite being on maintenance medication that controls daily
symptoms [38]. Placebo or oral prednisone, administered
at dose sizes of 30 or 40 mg twice daily for those below or
over age 13, respectively, was started at the onset of an ex-
acerbation, which was defined as symptoms that incom-
pletely respond to bronchodilator. All the 22 prednisone-
treated patients subsequently improved, returning to
baseline clinical status and normal pulmonary function
within seven days. However, eight of the 19 placebo-
treated patients exhibited deteriorating status and required
further acute intervention.

Brunette et al. [32] investigated the value of oral corti-
costeroids in preventing exacerbations of asthma in a
group of children who were less than six years of age and
who had a mean of seven hospitalizations in a year for
acute viral respiratory infection-induced asthma [39]. Over
a period of a year, half of the sample group was treated
with prednisone at a dose of 1 mg kg-! day-! at the onset of
a viral respiratory infection. The prednisone-treated group,
who had averaged 7.6 hospitalizations in the previous year,
averaged only 0.7 hospitalizations during the year of
treatment. This 90% reduction in the incidence of hospi-
talization is in contrast to those children not treated with
prednisone; these children had a mean of 5.8 hospitaliza-
tions in the year before the investigation commenced and
averaged 5.9 hospitalizations during the year of the study.

These studies demonstrate that the early administration
of systemic corticosteroids for acute asthma permits earlier
discharge from the hospital, decreases the probability of
admission for those patients seeking urgent care of asthma
and prevents progression of exacerbations of asthma in
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ambulatory patients that are at risk of requiring urgent
care. Additionally, the study by Brunette et al. [33], al-
though not a blinded placebo-controlled trial like other
studies, suggests a high degree of efficacy for the early ad-
ministration of oral corticosteroids in preventing the early
symptoms of a viral respiratory infection from progressing
to severe acute asthma in children that are at a substantial
risk of requiring hospitalization. Despite previous contro-
versies regarding the use of oral corticosteroids [40], consid-
eration of the data now support the early administration of
systemic corticosteroids as the standard of care for acute
exacerbations of asthma [41,42]. The safety of repeated
courses, which are often required because of the frequency
of viral respiratory infections in children, has been demon-
strated [43].

Although early intervention for viral respiratory infec-
tion-induced exacerbations of asthma is effective, preven-
tion of these episodes would be preferable; this is particu-
larly true for young children who experience a high
frequency of viral respiratory infections [15]. Unfortunately,
the maintenance medications that are currently available
for the treatment of asthma do not preclude these exacer-
bations of the condition [44]. Even inhaled corticosteroids,
which are the most effective maintenance medication for
chronic asthma, do not prevent exacerbations and are
therefore not indicated for the treatment of asthma that is
purely episodic from viral respiratory infections [45-48].

New therapeutic developments

The relative resistance of asthma exacerbations that are
triggered by viral respiratory infection to inhaled corticos-
teroids [49], and evidence that viral respiratory infections
are major contributors to asthma [9-13], underline that
the role of viral respiratory infections continues to be of
major importance. Because RSV is a major cause of res-
piratory illness in infants and contributes to exacerbations
of asthma with repeated infections in early preschool age
children, the prevention of this infection has received
considerable attention. Administration of passively trans-
ferred antibody before exposure decreases, but does not
eliminate, the frequency of the occurrence of illness in in-
fants [50,51]. Although initial studies were performed
with intravenous y-globulin (IVIG) that contained high
concentrations of RSV antibody, a chimeric mouse-human
immunoglobulin G monoclonal antibody, palivizumab
[Synagis® (MedImmune; http://www.medimmune.com)],
that can be given intramuscularly rather than intra-
venously has been developed and marketed for use in
high-risk infants [52]. However, RSV-antibody that is
acquired naturally does not protect against recurrent in-
fection that leads to lower respiratory illness in children
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with the asthma predisposition, thus neither the IVIG
preparation nor the monoclonal RSV antibody are likely
to be of value in preventing recurrent infections that
trigger acute exacerbations of asthma.

An effective RSV vaccine would preferably reduce the
high frequency of hospitalizations from asthma in young
children, as well as providing more complete protection
for infants that are at a significant risk of morbidity from
the initial infection. Attempts to develop a vaccine have
been hindered following early experiences with an alum-
precipitated formalin-inactivated RSV vaccine, which led
to augmented disease in vaccinees during subsequent
natural infection [53,54]; this serious adverse effect was
subsequently confirmed by demonstration of enhanced
pulmonary histopathology in mice [55,56]. The mecha-
nism of this enhanced pathology has been linked to the
induction of type 2 thymic lymphocytes (Th2) that produce
those interleukins (IL) that are associated with airway in-
flammation and eosinophilia (i.e. IL-4 and IL-5) [57]. To
overcome the obstacle of adverse effects from previous ef-
forts at vaccine development, live-attenuated and subunit
RSV vaccine development is in progress, and recombinant
technology is providing additional vaccine candidates [58].

Although an antiviral agent has been marketed for RSV
(ribavirin), its modest effect and need for prolonged
aerosol administration have resulted in its use being
primarily limited to immunocompromised patients.
Furthermore, although the early treatment of severe RSV
in hospital appears to have some potential for long-term
benefit [59], no acute benefit has been observed in the
most severe cases [60]. Development of effective and safe
orally administered antivirals would therefore be of con-
siderable benefit in the treatment and prevention of ini-
tial RSV infections in infants at risk, and perhaps also for
young children that are predisposed to suffer repetitive
episodes of asthma that are induced by RSV. Multiple
agents with low cytotoxicity and highly selective viral-
inhibitory activity in cell culture are in discovery and
preclinical stages of development, with one agent at
Phase II [RF1641 (Wyeth; http://www.wyeth.com)] and
two at Phase I [VP14637 (ViroPharma; http://www.
viropharma.com) and A60444 (Arrow Therapeutics;
http://www.arrowt.co.uk)] [61]. Rhinovirus is the key virus
that causes acute exacerbations of asthma beyond early
childhood and thus the effective treatment or prevention
of that infection would be a major asset in asthma therapy.
Interestingly, erythromycin has been shown to inhibit
rhinovirus infection in cultured human tracheal epithelial
cells, which suggests a potential role for macrolide
antibiotics in suppression of this common infectious
cause of acute asthma [62]. However, there is no clinical
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evidence that macrolide antibiotics are effective against
rhinovirus infection.

A promising approach to preventing rhinovirus infec-
tion has focused on the intercellular adhesion molecule-1
(ICAM-1), which is the single cellular receptor for the ma-
jority of rhinovirus serotypes [63,64]. Thus, blockade of
that receptor would be expected to prevent rhinovirus
infection. Although the early success of a monoclonal
blocking antibody to ICAM-1 was limited [65], recent re-
ports of a multivalent recombinant antibody fusion pro-
tein from Perlan Therapeutics (http://www.perlan.com),
which is known as CFY196, indicates greater avidity for
ICAM-1 than previously investigated monoclonal antibodies
and consequently confers greater protection against
rhinovirus infection in cell culture [66,67]. These reports
concluded that further preclinical and clinical development
of CFY196 is warranted. Another approach for preventing
and treating rhinovirus infection uses a recombinant, solu-
ble, truncated form of ICAM-1 [Tremacamra (Boehringer
Ingelheim; http://www.boehringer-ingelheim.com)] in
which the transmembrane and intracellular domains of
the protein have been deleted. In a randomized, double-
blind, placebo-controlled trial, 88 of 96 individuals who
received placebo (92%) were successfully infected, whereas
69 of 81 subjects that were administered tremacamra in-
tranasally were successfully infected (85%) [68]. Although
this difference was not statistically significant (P = 0.190),
symptoms and nasal mucous quantity were significantly
reduced (P <0.001). Whether this effect of tremacamra
would be sufficient to influence the course of asthma that
was induced by rhinovirus infection remains to be investi-
gated. If one of these medications can be effective and
sufficiently benign to use prophylactically, at least
throughout the viral respiratory disease season, the fre-
quency of asthma exacerbations could be greatly reduced.

Concluding comments

Asthma frequently begins in early childhood with a viral
respiratory infection that induces lower respiratory illness.
In infancy, the most common viral respiratory infection
responsible for causing lower respiratory illness is RSV,
which, in genetically susceptible individuals, results in
repeated episodes of lower respiratory illness in early
childhood that are consistent with a diagnosis of asthma.
Although these recurrent exacerbations of asthma from
RSV and other common cold viruses is self-limited for
many of these children, some, particularly those who
develop atopic type of allergic responses to inhalant aller-
gens, go on to have persistent asthma. Viral respiratory
infections continue to be the major causes of acute exacer-
bations of asthma in children and adults, and are not
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prevented with any of the currently available maintenance
medications that are used for chronic asthma, including
the most effective agents — inhaled corticosteroids. Current
effective treatment for viral respiratory infection-induced
asthma requires early intervention with systemic corticos-
teroids. Medication that would prevent or substantially
ameliorate RSV and rhinovirus infection would be highly
desirable. There is continued research to develop a safe and
effective RSV vaccine, and several antiviral agents that are
effective against RSV are at various stages of development
and investigation. Strategies for preventing and treating
rhinovirus have focused on the major respiratory epithelial
receptor for this virus, ICAM-1. A genetically modified sol-
uble ICAM-1 has shown some clinical effect on experimen-
tal rhinovirus infection in humans, and a monoclonal
antibody to ICAM-1 with a greater avidity than previous
attempts is judged to be worth further preclinical and
clinical testing. Successful development of effective and
safe measures to prevent and treat infection with these
common cold viruses would have a major impact on de-
creasing acute exacerbations of asthma that result in
urgent medical care and hospitalizations from this com-
mon disease.
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