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ABSTRACT: Acute asthma is considered to be a complication of respiratory viral
infections.  This investigation assessed the effects of rhinovirus 39 (RV-39) infection
both on the patency and responsiveness of the lower airways.

Subjects with allergic rhinitis (AR; n=50) and without AR (non-AR; n=46) were
intranasally inoculated with RV-39, and monitored for 8 days in an enclosed envi-
ronment for changes in symptoms, signs, and airway physiology (pulmonary func-
tion, bronchial methacholine provocation). All subjects were infected postinoculation.
Significant increases in nasal symptoms and secretion weights were observed, with
peak effects on days 2–3. Cough was a relatively minor symptom and none of the
subjects developed wheezing. Likewise, there were no significant changes in the mea-
sured functions of the lower airways. No allergy status effects were observed.

Under these experimental conditions, rhinovirus 39 infection did not produce
detectable alterations in lower airway function in healthy subjects with and with-
out allergic rhinitis.
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Several lines of evidence support a role for respiratory
viruses in the pathogenesis of asthma, including the results
of epidemiological studies [1–3]. Additional evidence is
derived from studies utilizing experimental infections
[4–11]. Whilst some of these studies have shown effects
of respiratory viruses on lower airway function [4–6],
others have not [7–11], even in asthmatic subjects [8].
Additionally, these studies suggested that allergic rhinitis
(AR) may be a predisposing factor [4]. Relative limita-
tions of these studies were the small sample sizes employed
and the methodological differences in administration of
viral inocula. The purpose of this study was to document
the effect of experimental rhinovirus 39 (RV-39) infec-
tion on lower airway function in healthy AR and non-
AR subjects. Asthmatic subjects were not included in
this study, due to concern about the possible develop-
ment of acute asthma in an enclosed hotel environment. 

Methods

Subjects

Healthy, adult volunteers with allergic rhinitis (AR;
n=50) and without AR (non-AR; n=46) were identified.
Allergic rhinitis was defined by the presence of a posi-
tive history, positive puncture skin test (wheal diameter
>10 mm) and elevated specific serum immunoglobulin E
(IgE) antibodies for inhalant allergens (concentration >10
IU (international units)·mL-1). Lack of allergic rhinitis
was defined by the presence of negative history, skin
tests, and specific serum IgE antibodies. The majority of
allergic subjects had strictly seasonal allergic rhinitis. All

subjects were seronegative for neutralizing antibodies to
RV-39 at baseline, as indicated by a titre of less than 2,
and none had a history of asthma or other chronic dis-
eases or active allergic or infectious symptoms at enrol-
ment. Medication use was restricted to birth control pills.
The protocol was approved by the Children's Hospital of
Pittsburgh Human Rights Committee and informed con-
sent was obtained.

The study population consisted of four cohorts of sub-
jects who were infected with rhinovirus at different chal-
lenge sessions. This was necessitated by the physical
impossibility of confining large numbers of individuals
at any given challenge session. The cohorts were treated
identically in every respect, including the use of the same
enclosed situation, equipment, methods, rhinovirus stock,
and investigative team. There were no significant cohort-
related effects on the outcome parameters of this study. 

Experimental protocol

The study was conducted during months when rele-
vant seasonal allergens were not present in the environ-
ment. Subjects were confined in individual hotel rooms
for an 8 day period. Baseline spirometry, consisting of
three consecutive forced expiratory manoeuvres, was per-
formed in the morning, afternoon, and evening of the
first day. The results of the test with the highest forced
expiratory volume in one second (FEV1) value were rec-
orded (FEV1, forced vital capacity (FVC), mean rate of
forced expiratory flow measured between 25 and 75%
of the vital capacity (FEF25–75)). In the analysis described
below, the average daily value for each variable was used.
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Fig. 1.  –  Effects of experimental rhinovirus 39 infection on: a) nasal
symptoms; b) throat symptoms; c) general symptoms; and d) secretion
weights, in subjects with allergic rhinitis (        ) and without allergic
rhinitis (        ) as a function of study day.  Mean values are presented;
upright bars indicate 1 SD.  Increases in symptoms and secretion weights
with time are significant (p<0.05).

LOWER AIRWAY EFFECTS OF RHINOVIRUS 39

At the end of the first day (study day 0), subjects were
inoculated intranasally with a safety-tested, clinical isol-
ate of RV-39 passaged twice in WI-38 human embryonic
lung fibroblasts (provided by J. Gwaltney, Charlottesville,
VA, USA). Coarse drops of the virus inoculum (0.25
mL·nostril-1) were delivered intranasally by pipette twice
during a 30 min period (total dose ~100 50% tissue cul-
ture infection doses (TCID50) to seated subjects with necks
hyperextended [12]. Postinoculation pulmonary func-
tion was assessed three times daily, as above, for 7 days.

Illness and infection

Daily symptoms were scored (0=none to 3=severe) and
grouped as nasal (sum of scores for sneezing, rhinor-
rhoea, congestion), throat (sum of scores for sore throat
and cough), and general (sum of scores for headache,
chilliness and malaise), and secretions were weighed as
described previously [12]. Daily nasal washes were cul-
tured for RV-39 and blood was obtained at baseline and
at day 23 (convalescent) to test for serum neutralizing
antibodies to RV-39 [13]. Infection was defined as virus
shedding on any of the postinoculation days and/or sero-
conversion (≥fourfold rise in titre). 

Methacholine challenge

Bronchial methacholine challenges were administered
to a subset of the total subject pool. Fifty eight subjects
(31 AR and 27 non-AR) received a bronchial metha-
choline challenge during a 2 week preconfinement, base-
line period, and then again at day 7. A smaller subset of
20 subjects (11 AR and 9 non-AR) received a metha-
choline challenge at day 4.

Standard methods were used [14], with sequential
methacholine concentrations of 0 (saline), 0.025, 0.25,
2.5, 10 and 25 mg·mL-1. For each, a volume of 1.0 mL
was administered by dosimeter during five inhalations.
Spirometry was assessed at 1 and 3 min. The procedure
was discontinued prematurely if the FEV1 was decreased
by at least 20% from baseline on both occasions. In that
case, the provocative concentration causing a 20% dec-
rease in FEV1 (PC20) was calculated.

Statistical analysis

Viral effects on symptom scores were analysed by the
two-tailed paired Student's t-test. Differences between
AR and non-AR subjects were analysed using a repeated
measures analysis of variance (ANOVA), with variance
partitioned by group and study day. Longitudinal data
for spirometry were analysed using a repeated measures
ANOVA, with variance partitioned for day and group
(allergy status) effects. For methacholine responses, the
majority of subjects did not have a measurable PC20 at
baseline. Therefore, within-subject differences between
each post-methacholine FEV1 and the baseline FEV1
were calculated. To examine for a viral effect, the aver-
age differences were summed across challenge doses for
each challenge session. The differences between pre-
infection and postinfection paired scores were averaged
and compared to an expected difference of 0 under the
null hypothesis of no effect using the two-tailed paired
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Figure 2.  –  Effects of experimental rhinovirus 39 infection on: a)
forced expiratory volume in one second (FEV1); b) forced vital capac-
ity (FVC); c) FEV1/FVC ratio; and d) forced expiratory flow between
25 and 75% of FVC (FEF25–75), in subjects with allergic rhinitis (          )
and without allergic rhinitis (        ) as a function of study day.  Mean
values are presented; upright bars indicate 1 SD.

D.P. SKONER ET AL.

t-test. Statistical significance was evaluated at a p-value
of less than 0.05. 

Results

Infection and illness

All subjects were infected with RV-39 and experienced
significant increases in symptoms and secretion weights
(p<0.05), which peaked on days 2–3 (fig. 1). The "throat"
summary score was dominated by sore throat, with a rel-
atively minor contribution from cough. None of the
subjects developed wheezing or other signs of lower res-
piratory tract disease during the study. No significant
allergy status effects were observed.

Pulmonary function

Baseline pulmonary function values were greater than
90% of predicted normal values in all subjects. Additionally,
the within-subject variability was <10% for all subjects
at morning, afternoon and evening testing sessions. There
were no significant postinoculation changes in this para-
meter from baseline and no allergy status effects were
observed (fig. 2).

Preinoculation, 5 of the 31 AR subjects and 1 of the
27 non-AR subjects had a measurable PC20 to metha-
choline. Of these six subjects, only three, all in the AR
subgroup, had a measurable PC20 at postinoculation day
7. The subset assessed at day 4 included two of the AR
subjects and one of the non-AR subjects who had a mea-
surable PC20 at baseline. Each of these subjects had a
similar PC20 at the day 4 assessment time. A measur-
able PC20 at day 4 or 7 was not detected in any subject
who was unresponsive at baseline. There were no sig-
nificant viral effects on this parameter in AR or non-AR
subjects (fig. 3). 

Discussion

The results of this study showed that a large number
of healthy, nonasthmatic humans did not experience
detectable changes in the level of lower respiratory symp-
toms, pulmonary function or sensitivity of the lower air-
ways to methacholine during an experimental RV-39
infection delivered in a highly controlled environment.
Moreover, inhalant allergy was not identified as a predis-
posing factor. These findings were contrary to the results
of most [1–3, 15, 16], but not all [17], of the earlier stud-
ies employing epidemiological techniques in asthma.

The findings were also contrary to the results of sev-
eral earlier studies employing experimental designs sim-
ilar to that of the current study [4–6]. In those studies,
RV-16 was shown to modify bronchial hyperrespon-
siveness [4, 6], late phase allergic asthmatic reactions [4]
and the lower airway inflammatory response to allergen
[5]. Moreover, a modest increase in bronchial histamine
responsiveness during the cold was accompanied by a
modest increase in bronchial submucosal lymphocytes
[18], suggesting a potential mechanism through which the
RV-16 could exacerbate asthma. The number of subjects
in most of these studies was small compared to the sam-
ple size of the current study. Nonetheless, the results of
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Fig. 3.  –  Percentage changes from baseline FEV1 as a function of methacholine dose in subjects: a) with allergic rhinitis; and b) without aller-
gic rhinitis, at the following times in relation to rhinovirus 39 inoculation: preinoculation (         ); acute-day 4 (         ); and post-day 7 (         ).
Mean values are presented; upright bars indicate 1 SD.  Base: baseline; Sal: saline; FEV1: forced expiratory volume in one second.

the current study were surprising, since the enhanced leuco-
cyte histamine release observed in conjunction with RV-
16-induced lower airway changes [4] was also observed
in the AR subgroup of these same RV-39 infected sub-
jects [19].

In contrast, many investigators have failed to find evi-
dence to support a causal relationship between rhinovir-
uses and asthma. Indeed, none of the viruses delivered
in experimental settings has been reported to trigger acute
asthma or alter routine spirometric parameters, even when
the study population included subjects with AR and/or
asthma, and virus was cultured from the lower airways
[7–11]. Similarly, conflicting results have also been re-
ported for studies employing experimental influenza virus
infections. In those studies, which also included small
sample sizes, bronchial reactivity was increased in non-
asthmatic AR and non-AR patients with natural infec-
tions [20], and in experimentally-infected asthmatic [21]
and non-asthmatic [22] individuals. In contrast, studies
conducted in our laboratory utilizing large numbers of
subjects failed to detect an effect of experimental influ-
enza A virus infections on the lower airways of healthy
AR and non-AR subjects [23].

Collectively, the results of the above studies suggest that
critical host, viral, environmental or experimental factors
may have operated as variables in modifying outcome.
One likely source of variability is the experimental model
itself. Whilst such models can provide valuable informa-
tion which may not be available in studies of natural colds,
including the timing of virus inoculation and the precise
onset and duration of symptoms and signs of infection,
they also introduce methodological variability.

Specifically, the inoculation method could potentially
influence the ability of viruses to affect the lower airways.
Indeed, several inoculation methods have been described.
These include delivery on one [10, 21–23] versus two
consecutive [46, 18] days; and nasal drop instillation with
[4, 5, 18, 22] or without [10, 21, 23] the addition of nasal
spray from an atomizer and nasal inhalation from a neb-
ulizer [6]. Unfortunately, none of these methods, some
of which have been designed to enhance lower airway

involvement, has been tested for comparability or valid-
ity in controlled settings.

Other factors which may be important in determining
the extent of lower airway involvement during experi-
mental respiratory virus infections [24, 25] include the
following: 1) virus and even strain specificity; 2) confine-
ment during the acute stage of the infection; 3) the fre-
quency of assessment of outcome parameters; 4) the type
of agonist used to assess lower airway hyperresponsive-
ness (histamine versus methacholine); 5) timing of deliv-
ery of the acute bronchoprovocation test; and 6) whether
or not the subject pool includes-predisposed subgroups.

Predisposed subgroups may include AR patients, in
whom effects have extended both to the lower airways [4]
and the systemic immune response [26]. Seasonal aller-
gen priming could also potentially alter viral responses,
but studies reporting both positive and negative results
utilized AR subjects who were asymptomatic [4, 23]. The
overall prevalence of airway hyperrepsonsiveness to metha-
choline in nonasthmatic patients with AR is generally
considered to be about twice as high as that reported in
the current study (16%). However, the reported frequencies
have been quite variable, ranging from 10–15 to 75% [27,
28]. A low percentage in the current study may reflect
the asymptomatic state of the AR subjects at the time of
entry. Seasonal allergen exposure is known to heighten the
degree of nonspecific bronchial reactivity [29].

In addition to the above factors, the severity of infec-
tion may also be a governing factor. The subjects of the
current study were infected and experienced a signifi-
cant degree of upper airway symptomatology and patho-
physiology [12], in the absence of detectable changes in
lower airway function. However, it is possible that a more
severe infection would have affected the lower airways.
Another potential factor is the sensitivity of each of the
methods used to assess outcome. In the current study, it is
possible that the use of specific airway conductance (sGaw)
or challenge with higher doses of methacholine would have
produced positive results. Use of the latter test in a recent
study showed that RV-16 caused a prolonged excessive
airway narrowing in asthmatic subjects in vivo [6].
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The implications of this study for normal and asymp-
tomatic allergic humans are clear. These groups are highly
unlikely to develop measurable or clinically apparent
changes in lower airway function during infection with
rhinovirus 39. In contrast, the study provides no informa-
tion about the implications for humans with symptomatic
allergy or chronic lower respiratory tract diseases like
asthma. The contrast between the results of this and ear-
lier studies highlights the need to exercise caution when
formulating experimental design and when assessing the
clinical relevance of the results of investigations which
employ experimental infections.

Obviously, asthmatic patients should be the ultimate tar-
get population of future studies of experimental rhinovirus
infections. Our laboratories are now planning to conduct
such studies, since the approach appears safe. We are also
planning to conduct studies utilizing allergen-primed aller-
gic subjects, who may be predisposed to develop lower
airway effects following a rhinovirus challenge. Indeed,
there may be a significant viral-allergen interaction in
generating the lower airway inflammatory response [5].
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