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INTRODUCTION
Chronic airway diseases including asthma, chronic bronchitis and

emphysema have been increasing in importance as causes of morbidity
and mortality in the United States and throughout the world (1). The
number of persons with chronic bronchitis and emphysema has risen
sharply over the past 20 years and is thought to be 14-16 million
individuals. A 40% increase in cases has been diagnosed since 1980 (2).
Medical care costs, both direct and indirect, are estimated to be ap-
proximately 24 billion dollars per year (3).
Chronic obstructive pulmonary disease (COPD) is currently the

fourth most common cause of death, accounting for over 100,000
deaths each year (4). Although age-adjusted death rates from all
causes have declined significantly over the past 45 years, COPD deaths
per 100,000 population have risen 4-fold. In the past 15 years, the
death rate from COPD in males has remained high and unchanged,
while the rate in women has doubled.
Asthma affects approximately 14 million individuals in this country,

with increases in prevalence being reported in the inner cities (1,5).
Children under 18 years of age account for 2/3 of all cases. Although
deaths from severe asthma have not changed appreciably, morbidity
continues to be significant with increased utilization of health care,
especially for urban minority populations (6). The estimated cost of
asthma care in the United States is over $10 billion per year (1,7).
Recent studies have suggested that childhood asthma and/or respira-
tory infections can alter maximal growth in lung function and may lead
to the development of COPD as an adult (8,9).

BRIEF HISTORY OF CHRONIC AIRWAY DISEASE
Both acute and chronic lung diseases have been appreciated by

physicians for over 2,000 years. One of the first descriptions of asthma
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(.rTO~ca) was given by Aretaeus The Cappadocian, who lived around the
time of Galen, in the 2nd century A.D. (10). In the 17th century, Thomas
Willis described asthma as "a most terrible disease" whose "morbitic"
cause or nature is "either in the muscular fibers themselves," or "in the
branches or nervous slips, or lastly with the brain" (11).
Although not the first physician to relate morbid anatomy to clinical

medicine, Ren6 Laennec was the first to relate physical changes in the
chest to what was found in the lungs at autopsy. In his Treatise on
Diseases of the Chest (1821), he described "bronchitis" and "emphyse-
ma" and connected what he heard and saw during physical examina-
tion with pathologic changes in the lung after death (12).
By the late 19th century, there was a sophisticated understanding of

the epidemiology, morbid anatomy and clinical course of asthma,
chronic bronchitis and emphysema. In his first edition (1892) of The
Principles and Practice of Medicine, William Osler provided a well-
developed description of these conditions as they were understood at
the time (13). Osler described the differences between acute and
chronic bronchitis: the importance of age, climate, and season, as well
as the role of acute infection on exacerbations. Osler wrote: "This
affection may follow repeated attacks of acute bronchitis ... It is
frequent in the aged; the young rarely are affected. Climate and season
have an important influence. It is the winter cough of the old man,
which recurs with regularity as the weather gets cold and changeable."
Although his understanding of the etiology of asthma was less well-
developed, he could appreciate the possible interaction of inflamma-
tory responses, environmental stimuli and predisposition to asthmatic
attacks. He thought asthma was a "neurotic affection, characterized by
hyperaemia and turgescence of the mucosa of the smaller bronchial
tubes and a peculiar exudate of mucin" (13).
Over the next 60 years, increasing industrial air pollution and rates

of cigarette smoking were correlated with a steady rise in the preva-
lence of chronic bronchitis and emphysema (14,15). The observations
by Hogg, Macklem and Thurlbeck 30 years ago pinpointed the small
airways 2mm or less in diameter as the sites of increased airway
resistance in COPD (16). Over the next 20 years, several longitudinal
studies defined the natural history of chronic bronchitis and emphy-
sema and related the rising morbidity and mortality to external envi-
ronmental factors, especially cigarette smoking (17,18).

Since 1900, the major risk factors for COPD and asthma have been
thought to combine both genetic predisposition with environmental
pollution and/or allergen exposure (19,20). Many studies have pro-
posed a genetic component underlying the development of COPD (21).
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Family studies have demonstrated a clustering of cases, an increased
incidence in relatives of cases compared to relatives of controls, signif-
icant correlations in lung function between parents and children, and
similar pulmonary function in monozygotic and dizygotic twins. Fam-
ily aggregation studies and twin studies have also suggested a genetic
basis for asthma. Recent studies are focusing on identifying genes that
are important for a predisposition (22).
At approximately the same time that the role of cigarette smoking

and allergens were being defined as important cofactors in bronchitis
and asthma, an increasing awareness of respiratory infection in the
natural history of these diseases was developing (23). One of the
earliest studies to link respiratory infection to exacerbations of bron-
chitis was reported in the early 1950s (24). Dr. C. H. Stuart-Harris
cultured patients with acute exacerbations of chronic bronchitis for
respiratory bacterial pathogens and influenzavirus and performed se-
rologic tests to document recent influenzavirus infections. Although
bacteria such as Streptococcus pneumoniae and a Haemophilus influ-
enzae were thought to be important in those acute exacerbations, these
sentinel studies also demonstrated the importance of influenzavirus
infections in exacerbations. The conclusion of this paper was prophetic:
"The viewpoint thus reached is that in chronic bronchitis there is
essentially a failure of defense of the lower respiratory tract against
invasion by nasopharyngeal organisms. The repetitive attacks of re-
spiratory viruses to which we are all subject may play a large part in
bringing about this state of affairs." During the past 45 years, studies
have confirmed Dr. Stuart-Harris's findings and have provided newer
insights into the interaction between respiratory viruses and chronic
airway disease (25-35).

ROLE OF RESPIRATORY VIRUSES IN COPD
EXACERBATIONS

Eleven longitudinal studies of respiratory viral infections in COPD
patients have reported a wide range of viral-associated exacerbations
(36-45). Only three were controlled studies and only one attempted
coronavirus identification (Table 1). The study by C. Smith demon-
strated that rhinovirus, influenzavirus and RSV infections were the
most common viruses associated with exacerbations. No significant
effect on long-term pulmonary function was detected, although in-
creased pneumonias were noted in those with lower baseline FEVy
(33,39).
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TABLE 1
Respiratory Tract Viral Infectious and Exacerbations in Adult COPD Patients

Dates of No. of Duration No. of % RTVI + Top Three RTVI's
Studies Studies (months) Subjects Exacerbations Identified

1965-76t 11 9-84 8-199 0-64% Influenzavirus,
rhinovirus, RSV

1983-85* 1 16 62 27% Influenzavirus,
rhinovirus,
parainfluenza

1991-95: 1 26 62 19% Parainfluenza,
coronavirus,
rhinovirus

Only 3 were controlled, and one attempted coronavirus identification.
Longitudinal.

7Longitudinal and controlled.

PLAN OF STUDY

To clarify the importance of respiratory viruses in COPD morbidity
and mortality, we studied two cohorts ofCOPD patients in prospective
longitudinal studies. The criteria for COPD were as defined by the
American Thoracic Society (46). Baseline evaluations included history,
physical examination, routine spirometry and blood for future sero-
logic studies. Patients were contacted every 2 weeks and asked about
new respiratory symptoms. Those with acute illnesses were seen as
soon as possible and nasal secretions and throat swabs for viral cul-
tures obtained, as well as an acute phase serum. All subjects were
offered annual influenzavirus vaccine every fall and over 70% were
immunized yearly.
Upper respiratory tract illnesses (URTI) had symptoms of rhinitis

and/or pharyngitis. Lower respiratory tract infections (LRTI) were
defined by increased cough and sputum production or increased wheez-
ing.

RESULTS
From 1983 to 1985, 62 patients were followed through two winter

seasons for an average of 16 months. Twenty-seven percent of acute
respiratory illnesses had a respiratory viral infection detected by ei-
ther tissue culture isolation or serologic rise. Of the patients followed
from 1991-95 for an average of 26 months, 19% of acute respiratory
illnesses had a respiratory viral infection detected (47). In COPD
patients with initial FEV1 <50%, a significant increase in morbidity
and mortality was noted over the duration of the study. Visits to the
emergency center and admissions to the hospital were increased in
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patients with moderate to severe COPD. The most frequently detected
viruses were influenzavirus, rhinovirus, and parainfluenzavirus. Age-
matched control patients without lung disease were followed concur-
rently in the latter study and had a similar distribution of viral
infections, but fewer visits to the emergency center and hospitaliza-
tions. In both studies, 80% of the virus-associated illnesses, as well as
the hospitalizations, occurred from October through March of each
year. During the study, half the patients with a baseline FEV1, <50%
had at least one hospitalization and 28% had an episode of pneumonia.

ROLE OF RESPIRATORY VIRUSES IN ASTHMATIC ADULTS
In children, the majority of wheezing episodes and asthma exacerba-

tions have been associated with respiratory viruses: rhinoviruses, coro-
naviruses, and parainfluenza viruses being most commonly identified
(48-50). In adult asthmatics, the frequency of exacerbations associated
with respiratory viral infections has ranged from 0% to 44% (51-54). We
have completed two prospective studies in adults with asthma who
obtained their medical care in an urban public teaching hospital (Table 2)
(55). In the longitudinal study 29 adults with asthma were followed for
viral infection during two fall and winter seasons. In a parallel, cross-
sectional study, adults with asthma coming to the emergency center at
Ben Taub General Hospital were evaluated for respiratory viral infec-
tions. Similar methods of evaluation, virus cultures and serologic studies
were performed as in the COPD studies. However, RT-PCR assays for
picornavirus, coronavirus and/or influenzavirus were performed on re-
spiratory samples from these acutely ill patients.

Picornaviruses and parainfluenzaviruses were the most common

TABLE 2
Respiratory Tract Viral Infrctions and Illnesses in Adult Asthmatic Patients

Dates of No. of Duration No. of 0/( RTVI + Most Common
Studies Studies (months) Subjects Exacerbations RTVI's

1970-94+t 8 6-18 8-138 0-574 Influenzavirus,
rhinovirus,
parainfluenzavirus

1991-94i 1 20 29 44(4 Rhinovirus,
(longitudinal) parainfluenzavirus,

influenzavirus
1992-94 1 18 122 55Q-/ Rhinovirus,

(emergency coronavirus,
center) influenzavirus

t Only one study looked for coronavirus infections.
* Adapted from Atmar R, et al. Arch Int Med 1998 (in press).
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causes of respiratory tract viral infections (RTVI) documented in the
longitudinal study. In the emergency center study, picornavirus and
coronavirus infections were the most common RTVIs identified. Ap-
proximately 75% of the picornavirus and coronavirus infections were
identified only by RT-PCR. Of the respiratory illnesses reported, 41%
in the longitudinal study and 55% in the emergency center study had
an associated respiratory virus identified. In both studies, 55% of the
emergency center visits had a virus identified and almost half of the
hospitalizations had a respiratory virus identified. There were no
deaths in the hospitalized patients.

ROLE OF RESPIRATORY VIRAL INFECTIONS IN
HOSPITALIZATION OF HIGH RISK PATIENTS

Drs. Paul Glezen, Robert Couch and colleagues have recently com-
pleted a study evaluating the role of respiratory viral infections asso-
ciated with all acute respiratory conditions resulting in hospitalization
among persons with chronic underlying conditions (56-58). Over 1,000
admissions for acute respiratory conditions were cultured for respira-
tory viruses from 1991 to 1995. They represent a parallel population of
patients to the COPD and asthma study cohorts previously described
(56). Respiratory syncytial virus was the most common respiratory
virus detected, especially in children <5 years of age. Among patients
aged 55 and older, 20% had a virus detected with the most common
being coronavirus, influenzavirus and parainfluenzavirus. More than
50% of these hospitalized patients had asthma or COPD. This study
supports an important role for acute respiratory viral infections in the
hospitalization of patients with underlying chronic airway disease.

EFFECTS OF RESPIRATORY TRACT VIRAL INFECTIONS
ON AIRWAY OBSTRUCTION

There are several proposed mechanisms for how respiratory viruses
could lead to the development of airway obstruction and hyperrespon-
siveness (59). Direct infection of the lower airways has been reported
for influenza, parainfluenza and respiratory syncytial viruses. Rhino-
viruses may also infect the lower respiratory tract in children and
adults (50). Bronchial inflammation could be increased following these
respiratory viral infections. Increased airway responsiveness has been
observed following virus challenge in atopic or asthmatic volunteers
(61). Animal models of respiratory infections have demonstrated en-
hanced parasympathetic effect signals, increased neuropeptidase re-
lease and decreased nitric oxide (NO) production (62). Virus-infected
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animals show bronchiolar wall edema and inflammatory cell infiltra-
tion with bronchiolar narrowing due to airway lumen plugging (63,64).

Cytokines are important contributors to the inflammatory process in
asthma patients (65,66). These mediators of inflammation are found in
the epithelial cells of the airway, as well as in mast cells, eosinophils,
T-lymphocytes and macrophages. The increased expression ofgenes that
encode inflammatory proteins is regulated by transcription factors. One
transcription factor, nuclear factor-KB (NF-kappa B), appears to be par-
ticularly important. Respiratory viruses such as rhinovirus, influenzavi-
ruses and adenovirus have been shown to activate NF-KB which could
lead to the production of pro-inflammatory cytokines. Recent studies
have reported the activation of NF-KB in human nasal epithelial cells in
vivo following rhinovirus infection (67). A better understanding of how
cellular transcription factors are effected by respiratory viruses could
provide a basis for newer strategies in treatment of asthma and COPD.

CONCLUSIONS
The morbidity and mortality in patients with asthma and COPD is

significant (Figure 1). In adults without risk factors, respiratory viral
infections usually lead to an upper respiratory tract illness with lower
respiratory tract symptoms and signs occurring in a significant sub-
group. Most cases are treated as outpatients with no short-term or

Respiratory Tract
Viral ln.f. ion

in Adults

NoRiskAshaCPFactorsAshaCP

URTI±LRTI
URTI+LRTI (wheezing) URTI + Acute

t tuJe Exacerbation
IUse Of Ts of

Outpatient I Cnrof ^s o

Resources Emergency Center tUse of
and Hospitalization Emergency Center

? tMortality if FEVI c50%
tHospitalization

and Death
FIG 1.

44



CHRONIC AIRWAY DISEASE: THE INFECTION CONNECTION 45

TABLE 3
Respiratory Tract Viral Infections in COPD and Asthmatic Adult Patients: Longitudinal

Studies in Houston, Texas

Study Population COPD+Asthma COPD Asthma*

Years of the Study 1983-85 1991-95 1991-94

Relative 1) Influenzavirus 1) Parainfluenzavirus 1) Rhinovirus
Frequency of 2) Rhinovirus 2) Coronavirus 2) Parainfluenzavirus
Respiratory 3) Parainfluenzavirus 3) Rhinovirus 3) Coronavirus
Viral Infections 4) RSV 4) Influenzavirus 4) Influenzavirus

5) Coronavirus 5) RSV 5) Adenovirus
6) Adenovirus 6) Adenovirus

Used PCR in addition to cell culture and serology.

long-term sequelae. In adults with asthma, respiratory viruses often
lead to both upper and lower respiratory signs and symptoms. In urban
centers, these asthmatic adults will often utilize emergency depart-
ments for acute care and many will require hospitalization. A portion
of the deaths reported in hospitalized patients with severe asthma is
probably related to acute respiratory viral infections. In COPD patients,
respiratory viral infections lead to URTI syndromes with accompanying
acute exacerbations (increased shortness of breath, sputum production,
and cough). In our population of urban patients, there was an increased
use of emergency center care by acutely ill COPD patients. For those
patients with moderate to severe chronic obstruction (FEV1 <50% of
predicted), there was an increased frequency ofhospitalization and death
compared with age-related controls. From our longitudinal studies of
asthma and COPD patients in Houston, Texas, we have demonstrated
the importance of rhinovirus, coronavirus and parainfluenzavirus as
causes of illness in a heavily influenza-vaccinated cohort of patients
(Table 3). The importance ofrhinovirus and coronavirus was documented
in asthmatic patients when newer PCR technology was applied to clinical
samples. Future interventions and strategies for prevention should be
based on understanding how these viruses interact with potential bac-
terial pathogens and the host-immune response.
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DISCUSSION
Duma, Ormond Beach: Can you put Chlamydia and Mycoplasma in perspective as

well? Where might they fit into your observations?
Greenberg: Chlamydia and Mycoplasma pneumoniae have been candidate agents in

terms of causing or stimulating exacerbations of COPD and/or asthma. We have, in these
same studies, gone after that as an etiology and, in fact, in conjunction with Dr. Thomas
Grayston at The University of Washington, have sent our sera out to him to be done for
Chlamydia and Atmar has failed to detect either Chlamydia pneumoniae or Mycoplasma
pneumoniae infections in our asthma patients by PCR. Not all of the COPD subjects
have had the PCR performance for Chlamydia pneumoniae and Mycoplasma pneu-
moniae, so although we have not found them to be significant pathogens, other groups
have reported that they are important in COPD and asthma.
Duma: The reason why I ask, obviously, is because it has important implications in

terms of practice. Antibiotics are strongly recommended by pharmaceutical industries.
Everybody is detailing them to treat this particular problem, in terms of chronic bron-
chitis or asthma, bringing into play Mycoplasma and Chlamydia.

Greenberg: Although I didn't mention it and it was not a major part of our prospec-
tive study, we looked at all of the exacerbations in COPD patients as to whether they
received antibiotics by their physicians. We were not the primary care-givers for that
decision. We looked at the duration of symptoms with or without antibiotics and virus-
associated infections and nonvirus-associated infections. We could not demonstrate any
benefit of antibiotics in those patients who received them for an exacerbation of chronic
bronchitis. As a rule, we call these individuals every two days and have a good idea as
to the duration of illness. In general, when our chronic bronchitic patients got an acute
respiratory viral infection, it was two weeks until they started feeling better.

Ingram, Atlanta: Many years ago we set out to prospectively study the influence of
infectious respiratory illness on the airways of smokers versus non-smokers, trying to
get some insight into the early part of the story that you are evolving now. It turns out
we got a rhinovirus by culture on one subject and we were told by the CDC, who were
collaborating with us on the study, that we had to be enormously lucky to have gotten
that because there were so many serotypes. This positive culture allowed us to identify
by serology several other rhinovirus infections using that serotype. The technical ques-
tion is, with the new PCR techniques, does that no longer require luck? Can you rule out
a rhinovirus infection by a negative PCR?

Greenberg: At this point in time, Doctor Ingram, I would say PCR is as sensitive as
you are going to get for detection. What we are finding, and others have found in similar
studies, is that PCR will double your frequency of detection of rhinoviruses, especially in
adults. It appears that you can isolate the rhinovirus by tissue culture in children with
wheezy asthmatic episodes much more easily than in adults. Up until the PCR was
available for adults, rhinovirus seemed to be less important than they now appear to be.
The other agent that we have found to be important are coronoviruses. The PCR has
dramatically helped us since there is not an easy way to detect them by tissue culture.
Woodward, Baltimore: Down the road, is there any chance for developing an atten-

uated aerosolized strain comprising your three or four strains to immunize against?
Greenberg: The problem as I see it with the development of an aerosolized or

attenuated virus is, as you know, that there are numerous serotypes of rhinovirus and
finding a common antigen that might be protective or lead to a common immune
response has eluded us.You might do it with coronovirus where there are only one or two
serotypes, and it could be done for parainfluenza virus. Rhinoviruses are a major
problem in terms of developing a vaccine.
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Douglas, Princeton: Steve, congratulations on a really fine paper further document-
ing this connection which many of us have believed for a long time. Were the numbers
studied long enough to discern differences among the viruses and the propensity for this
association? We think of influenza virus as producing much more destructive histological
changes in the lower respiratory tract than coronovirus or rhinovirus. I wonder if your
numbers were probably too small to see those differences, but I am curious as to whether
that occurred. Secondly, you didn't really talk about secondary bacterial infections.
Could the mediator of destructive change be a secondary bacterial infection in spite of
the antibiotic data that you presented? What do those data look like?

Greenberg: Let me answer both questions, Doctor Douglas. Thank you. What I was
trying to allude to is that we had a highly vaccinated population, both in the asthmatics
and COPD patients. Over 70% were getting the annual influenza vaccine. We actually
showed that if you got the influenza vaccine, it didn't completely prevent infection.
However, we had very few, if any, serious illnesses or hospitalizations in those who got
the influenza vaccine. We think we have shifted the population of viruses in this group
so that rhinovirus, coronovirus, and parainfluenza viruses appear to be more important.
As far as the interaction with viruses and bacteria is concerned, we are actually in the
midst of our second year of a longitudinal study following a group of chronic bronchitic
patients whom we are culturing for a nontypeable Hemophils influenza infection and
Streptoccus pneumoniae. With each exacerbation we are culturing these patients for
both viruses and bacteria. The question of virus-bacterial interaction in chronic bron-
chitis is complex. I am not able at this point to say whether the viruses stimulate the
bacteria to grow or, if the bacteria that are chronically present change the ability of
viruses to set off an inflammatory reaction.

Dupont, Houston: I think the observation that these viruses are commonly found in
patients with chronic pulmonary complications is of potential value in trying to under-
stand pathogenesis, but I wonder how secure are you that these viruses are causing
disease and are not there as some secondary factor? Do they produce an immune
response to the viruses, for example?

Greenberg: We know on several points that these viruses cause disease. In the
longitudinal studies we cultured these people every three months when they weren't
sick. We have a baseline of virus cultures in people who are well. We have found about
a 1-2% virus recovery when someone says he is ill. This may reflect a chronic infection
or a chronic shedding from a previous recent illness. This 1-2% is much lower than what
we recorded during the actual illness episodes. We did serologic studies and we found
that many of the infections with acute and convalescent sera showed significant rises in
specific virus antibody.
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