Rhinovirus infection induces mucus hypersecretion
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L1023, 1998.—Rhinorrhea is a prominent symptom of the
common cold. Although increases in vascular permeability
and serous cell secretion have been demonstrated in human
nasal mucus during active rhinovirus infections, changes in
mucin constituents have not been quantified. Nonallergic
(n = 48) and asymptomatic allergic rhinitis (n = 32) subjects
were inoculated with rhinovirus type hanks before the spring
allergy season. Nasal lavages were performed before inocula-
tion (day 0), then daily for 5 days afterward. The subjects
were divided into infected and noninfected groups on the
basis of evidence of successful rhinovirus infection (nasal
shedding of virus or fourfold increases in specific serum
antibodies). Concentrations of interleukin (IL)-8, markers of
vascular leak (1gG), seromucous cells (lysozyme), and muco-
glycoprotein exocytosis [7F10-immunoreactive mucin (7F10-
irm) and Alcian blue staining of acidic mucoglycoproteins]
were measured in lavage fluids. The infected subgroup had
maximal increases in nasal lavage fluid concentrations of
IL-8 (sevenfold), 1gG (fourfold), total protein (twofold), and
gel-phase 7F10-irm (twofold) on day 3. There were no differ-
ences between infected allergic and nonallergic subjects. IL-8
and gel-phase 7F10-irm were significantly higher in infected
than in noninfected subjects. In addition to promoting plasma
exudation, rhinovirus hanks infection increases IL-8 and
gel-phase mucin secretion. These processes may contribute to
a progression from watery rhinorrhea to mucoid discharge,
with mild neutrophilic infiltration during the common cold.

nasal secretion; interleukin-8; vascular permeability; glandu-
lar exocytosis; mucin

RHINOVIRUS INFECTION is the most common cause of
colds in adults and children (11). Rhinorrhea is a major
symptom. The macromolecules in nasal secretions origi-
nate from four sources: 1) vascular permeability via
postcapillary venules and fenestrated capillaries, 2)
exocytosis from submucosal gland seromucous cells, 3)
exocytosis from epithelial goblet and submucosal gland
mucous cells, and 4) infiltrating leukocytes (20). Rhino-
virus type 39 (RV-39) infection leads to an increase in
vascular permeability that coincides with maximal
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symptom complaints followed by serous cell exocytosis
of secretory IgA (slgA) and lysozyme and a mild neutro-
philic infiltrate (17, 23). Vascular permeability may
flood the mucosa with virus-specific 1I9G, whereas muco-
sal stimulation may lead to local production of virus-
specific IgA. This IgA is transported via submucosal
gland serous cells as sIgA (17). In addition, serous cells
contribute lysozyme, lactoferrin, hyaluronan, and “neu-
tral mucins” (2, 25). Epithelial goblet and submucosal
gland mucous cells secrete sulfated, sialylated “acid”
mucins, but changes in secretion of these mucoglycopro-
tein (MGP) components are poorly appreciated (20).

Quantitative changes in these constituents of nasal
mucus may be of pathophysiological importance be-
cause they may alter local mucosal host defenses (20).
Increases in the volume of nasal secretions combined
with virus-induced impairments in mucociliary clear-
ance may lead to local pooling of virus-laden secretions
in the nasopharynx (6, 32). The combination of mucins
plus plasma fibrinogen may generate thick mucus
“clots.” A sufficient volume of these fluids at the sinus
ostia and eustachian tube orifices may occlude fluid
flow and lead to the retention of secretions in the
sinuses and middle ear. This is consistent with the
appearance of mucosal thickening and air-fluid levels
evident on sinus computerized tomography scans dur-
ing rhinovirus infections (3, 13). Colonization of this
“culture media” within the now closed spaces of the
middle ear and paranasal sinuses may then lead to
purulent bacterial infections (3, 13, 23, 30). Neutrophil
infiltration could occur in response to bacterial prod-
ucts, interleukin (IL)-8 released from epithelial cells or
other sources, or other chemoattractant signals (15,
16, 23).

In this report, the kinetics of secretion production
during a rhinovirus cold was explored with experimen-
tal exposure of adult volunteers to rhinovirus type
hanks (RV-h). Nasal lavage fluids were collected before
and for 5 days after inoculation so that serial changes
in mucus constituents could be measured. IL-8 was
measured as a marker of the inflammatory response.
IgG was a marker of vascular permeability. Lysozyme
identified submucosal gland serous cell exocytosis.
MGPs were assessed by assaying Alcian blue-staining
MGP (ABSM) and high-molecular-weight 7F10-immu-
noreactive mucin (7F10-irm). For data analysis, sub-
jects were divided into infected and noninfected groups.
The subjects were also stratified by allergy status to
determine whether there were differences in mucus
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production between allergic and nonallergic subjects
(18, 27).

MATERIALS AND METHODS
Protocol

Subijects. Subjects were recruited by newspaper advertise-
ment from the population and surrounding community of the
University of Pittsburgh (PA). Potential subjects were screened
by history for previous nasal or otologic disease, were given a
general physical examination, had a urinalysis, and had
phlebotomy for assays of markers of hepatic and renal
function and for measurement of serum antibodies to human
immunodeficiency virus (HIV) and RV-h with standard meth-
ods (5, 27). Subjects were excluded if they presented with
findings of, or a history suggestive of, systemic illness or
recent upper respiratory tract infection, if they had marked
elevations in the assayed parameters indicative of hepatic or
renal impairment, if they required prescription medication
for any condition other than birth control, or if they had
antibodies to HIV. The study was approved by the Human
Rights Committee at the University of Pittsburgh, and all
subjects provided written informed consent for HIV screening
and study participation.

The study population for this report consisted of 80 healthy,
asymptomatic adult volunteers (age range 18-52 yr) who
were studied in March 1995. At the time of study, the subjects
and investigators were blinded to the prechallenge-specific
serum RV-h antibody levels and to the allergy status of the
subjects.

Rhinovirus inoculation protocol. Eligible subjects were
cloistered on day 0 in separate rooms of a local hotel for a
6-day period (study days 0-5). On each day of cloister,
symptoms were scored by the subjects, signs were evaluated
by a physician, temperatures and vital signs were recorded,
and a nasal lavage was performed (13).

Twenty-four hours after admission to cloister (end of study
day 0), all subjects were intranasally inoculated with ~300
units of a 50% tissue culture infection dose of a safety-tested
clinical isolate of RV-h (supplied by Dr. Jack Gwaltney,
Charlottesville, VA) delivered as coarse drops in two doses
within a 15-min period (5, 12). At the end of study day 5, the
subjects were dismissed from the cloister, but they returned
to the laboratory on days 19-21 for phlebotomy to assess
convalescent antibody titers and for the evaluation of allergy
status.

Symptoms. Subjects scored eight symptoms (5-7, 27). The
sum of sneezing, congestion, and rhinorrhea replies was
termed the nasal score. The sum of cough and sore throat
results was the throat score. The general symptoms score was
the sum of headache, malaise, and chills complaints.

Nasal lavage. Daily nasal lavages were performed each
morning with previously described methods (7, 17). Briefly, 5
ml of saline were instilled into each of the nares while the
subject hyperextended his/her neck to a 60° angle and closed
his/her velopharyngeal port. After 5-10 s, the fluid was
forcibly expelled into a collection vessel. The recovered fluid
averaged ~6 ml and was subdivided into aliquots for virus
culture and chemical assays and stored at —70°C. The
relative contributions of saline and nasal secretions to the
recovered lavage fluid volume could not be defined in this
protocol but were assumed to be equivalent in all lavages.

Allergy diagnosis. An allergic diagnosis was made on the
final day of the study based on a positive history (with
appropriate seasonal illness) and positive prick skin tests
(>10-mm flare) to ragweed, grass, or tree allergens and/or
serum IgE titer (>100 IU/ml) by fluoroallergosorbent assay.
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Rhinovirus titers. Paired specific serum antibody titers to
RV-h were measured before and on days 19-21 after rhinovi-
rus exposure with methods previously described (14). Daily
nasal lavage samples were cultured for RV-h virus with
previously described methods (21). Subjects were defined as
infected if virus was recovered on any day after experimental
exposure or if they had a fourfold rise in RV-h-specific serum
antibody titer.

Assays

Gel and sol phases. For the assay of MGP components,
aliquots of lavage fluid were thawed at 4°C, and 500-pl
samples were separated into the sol and gel phases by
centrifugation at 10,000 g for 10 min at 4°C. The supernatant
was separated and used for sol-phase component assays, and
the pellet was resuspended with 500 pl of 10 mM dithiothrei-
tol for gel-phase component assays. This dithiothreitol concen-
tration did not interfere with the 7F10 or Alcian blue quanti-
tative assays of the gel phase (data not shown).

Total protein. Total protein concentration in each sample
was measured by a modified Lowry's method as previously
described (26). Samples or human serum albumin (10 ul) was
placed in polystyrene microtiter plates (Dynatech Laborato-
ries, Chantilly, VA) in duplicate. The optical densities (650
nm) were measured with a microtiter plate reader (Dynatech,
Alexandria, VA). The protein concentrations in the samples
were interpolated from regression analysis of the standard
curve.

1gG. A new, direct, noncompetitive ELISA was based on
previous methods (2, 26). Polystyrene microtiter plates were
coated with 200 pl of goat anti-human IgG F(ab’), fragment
specific (Cappel, Cochranville, PA), diluted 1:1,000 in carbon-
ate coating buffer (15 mM sodium carbonate, 35 mM sodium
bicarbonate, and 0.02% sodium azide, pH 9.6), and incubated
overnight at 4°C. The plates were washed with four volumes
of pH 7.4 PBS-0.05% Tween 20 with a microplate washer.
Dilutions of human IgG standard (Sigma, St. Louis, MO) and
samples (200 pl) were diluted 1:1,000 with diluent buffer (1%
fetal calf serum and 0.02% sodium azide in PBS) and incu-
bated for 2 h at room temperature. After the plates were
washed, 200 ul of goat anti-human 1gG (y-chain specific)
alkaline phosphatase conjugate (Sigma) diluted 1:1,000 in
PBS-Tween 20 were added to each well and incubated for 2 h
at room temperature. After being washed, the plates were
developed in the dark with 1 mg/ml of alkaline phosphatase
substrate (Sigma) in 12 mM sodium carbonate-15.5 mM
sodium bicarbonate-1 mM magnesium chloride, pH 8.6. The
reaction was terminated by the addition of 3 N sodium
hydroxide, and the optical densities (410 nm) were measured.
Concentrations of 1gG were interpolated from the standard
curve.

Lysozyme. Lysozyme activity was measured by a turbidimet-
ric assay based on the enzymatic hydrolysis of Micrococcus
lysodeikticus (Sigma) cell walls as previously described (1, 2,
25, 26).

7F10-irm. 7F10 is a murine monoclonal antibody that was
raised against human bronchial high-molecular-weight MGP
synthesized by human bronchial explants (19). 7F10-irm is
the MGP recognized by the 7F10 antibody. 7F10-irm is a
marker of glandular and goblet cell exocytosis (1, 19). 7F10-
irm was measured by ELISA as previously described (1, 19).

ABSM. Alcian blue 8GX is a copper-containing cationic
isothiouronium dye (1,298.9 g/mol) that forms insoluble com-
plexes with acidic carbohydrate polymers such as mucins and
proteoglycans (24, 31). The nature of the ABSM in human
nasal mucus has not been completely established but may
consist of sulfated and sialylated mucins (20, 31). Samples for
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the sol and gel phases were prepared as described in Gel and
sol phases. Samples (25 ul) or type I-S bovine submaxillary
gland mucin standard (25 pl, 0.12-250 pg/ml; Sigma) was
applied to positively charged nylon membranes (Boehringer
Mannheim, Mannheim, Germany) in a 96-well dot-blot appa-
ratus (Schleicher & Schuell, Keene, NH), and a low vacuum
was applied (1, 24). The wells were washed two times with
250 ul of 50 mM sodium bicarbonate. The membrane was
washed two times for 5 min each in deionized water, blocked
in 5% bovine serum albumin for 5 min, and then washed
again in deionized water for 2 X 5 min. The blot was stained
with pH 2.5 3% Alcian blue 8GX (Poly Scientific, Bay Shore,
NY) for 5 min, then washed three times in deionized water for
5 min each. The blot was dried in the dark at room tempera-
ture, covered with mineral oil (Sigma), and placed on a
96-well microtiter plate, and the optical densities (650 nm)
were measured. Concentrations of ABSM were interpolated
from the standard curve.

IL-8. Sol-phase samples were assessed by commercial 1L-8
ELISA (CYTImmune Science, College Park, MD).

Statistical Methods

The data available for analysis consisted of the daily scores
recorded for eight common symptoms of a cold (congestion,
rhinorrhea, sneezing, sore throat, cough, malaise, headache,
and chills); the measured concentrations of IL-8, total pro-
tein, IgG, and lysozyme in the daily lavage fluid; and the
measured concentrations of 7F10-irm and ABSM in the gel
and sol phases of the daily lavage fluid. After assays had been
performed, data were assigned to infected and noninfected
groups. The first statistical analysis of the infected group
compared allergic and nonallergic subjects. Differences be-
tween the data sets from each day were evaluated with a
two-tailed Mann-Whitney U-test. Allergy status had no effect
on any of the variables tested. Therefore, data from all
subjects were stratified into infected and noninfected groups.
To demonstrate the serial changes brought on by RV-h
infection, data from each day were compared with baseline
(day 0) data for each individual with a two-tailed Wilcoxon
single rank test (paired, nonparametric analysis). Differences
between the infected and noninfected groups on each day
were assessed by a two-tailed Mann-Whitney U-test. For all
comparisons, statistical significance was established at a <
0.05. Mean = SE is used throughout this presentation.

Data were plotted as the log of concentrations to accentu-
ate changes.

RESULTS
Subjects

Allergic rhinitis was diagnosed in 32 subjects (21
men), whereas 48 subjects (22 men) had no evidence of
allergic rhinitis (40% atopic). Virus infection was docu-
mented in 25 (78%) of the allergic and 36 (75%) of the
nonallergic subjects (61 subjects infected out of 80
inoculated).

Symptoms

Infected subjects complained of significant nasal
(sum of congestion, sneezing, and rhinorrhea), throat
(sum of sore throat and cough), and general (sum of
malaise, chills, and headache) symptoms beginning 48
h after RV-h inoculation (day 2 scores). There was no
difference in the severity or duration of these symptoms
between allergic and nonallergic subjects (Fig. 1). Na-
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Fig. 1. Symptoms and atopy status. Average values of summary
scores for nasal (sum of sneezing, congestion, and rhinorrhea; left),
throat (sum of cough and sore throat; middle), and general (sum of
headache, malaise, and chills; right) symptoms are shown on study
day O (preinoculation) and subsequent days for infected subjects with
(O) and without () nasal allergy.

Symptom Score

sal and general symptom scores were maximal on days
2 and 3, then declined on days 4 and 5. Throat scores
rose to a plateau on day 2 and persisted throughout the
period of cloister. Noninfected subjects had no changes
in these scores (Fig. 2). Differences between infected
and noninfected subjects were clearly demonstrated in
all three categories on day 2 and persisted for the nose
and throat over the course of the study.

Mucus Constituents

As with symptoms, there were no significant differ-
ences between the allergic and nonallergic infected
subjects for any constituent of the recovered lavage
fluid (data not shown). Consequently, the data were
combined for these groups, and the primary compari-
sons were made between infected and noninfected
subjects. The mean concentrations of IL-8, total pro-
tein, 1gG, and lysozyme in the lavage fluid and of ABSM
and 7F10-irm in the sol and gel phases of the lavage
fluid are shown for infected subjects in Table 1 and for
noninfected subjects in Table 2.

IL-8

Low levels of IL-8 were detectable (>0.19 ng/ml)
before rhinovirus inoculation in 39 of 61 subjects (64%),
who subsequently demonstrated evidence of rhinovirus
infection (Fig. 3). By day 3, 82% had detectable levels.
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Fig. 2. Symptoms in infected (#) and noninfected (O) subjects.

Values are mean scores for nasal (left), throat (middle), and general
(right) symptoms.
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Table 1. Infected subjects’ nasal lavage fluid constituents

Constituent Day 0 Day 1 Day 2 Day 3 Day 4 Day 5
IL-8, ng/ml 1.72+0.34 1.91+0.34 3.37+0.758 11.85+4.978 9.48 +4.72*§ 5.14 +2.04*§
Total protein, pg/ml 18619 255+28 312+318§ 411+438 336+ 37§ 304 + 338
19G, pg/ml 9.49+1.71 11.19+1.89 31.48+7.868 40.28 +=8.778 31.05+7.898 22.52 +4.308
Lysozyme, pug/ml 20.6+1.4 25.8+1.7 28.1+2.0 33.1+3.0 28.6+2.6 33.3+2.6
7F10-irm, pU/ml

Gel 154 + 36 185+ 37 209+39 361+61*§ 320 =68t 304 =70t

Sol 720+110 760120 930 £ 150t 1060 = 180% 810+ 160 930 £160
ABSM, pg/ml

Gel 154+ 35 185+ 37 209 + 387 360 = 60% 31968t 304 = 70%

Sol 103+11 110+10 126+ 14 155+ 14% 152+17 128+ 14

Values are means = SE. IL-8, interleukin-8; 7F10-irm, 7F10-immunoreactive mucin; ABSM, Alcian blue-staining mucoglycoprotein.
*Significant difference compared with noninfected subjects (Table 2), P < 0.05 by Mann-Whitney U-test. Significant difference compared with
day 0: TP < 0.05; $P < 0.01; §P < 0.01 (all by Wilcoxon single rank test).

Their mean IL-8 concentration increased sevenfold on
day 3. Concentrations were significantly different from
baseline on days 2 (P = 0.0004), 3 (P = 0.0001), 4 (P =
0.0002), and 5 (P = 0.0037). IL-8 for infected subjects
was significantly higher than that for the noninfected
subjects on days 4 (P = 0.041) and 5 (P = 0.0166).
Noninfected subjects had no significant change in IL-8
concentration.

Total Protein

In the infected subjects, total protein increased after
inoculation and reached a maximal twofold increase on
day 3 (Fig. 3). It then returned to baseline on days 4 and
5. The increases from baseline were significant on days
2 (P = 0.0001), 3 (P < 0.0001), 4 (P < 0.0001), and
5 (P = 0.0003). In the noninfected group, there was a
slight trend for an increase in lavage fluid total protein
concentration, but the difference was never significant
compared with the baseline value. Because of the wide
range of total protein concentration among individuals,
there were no significant differences between the in-
fected and noninfected groups on any day.

19G

1gG increased fourfold on day 3 (Fig. 3). The ratio of
IgG to total protein in the infected subjects increased
from 5.1% before inoculation to 9.8% on day 3, then
decreased to 7.4% on day 5. There were significant
differences on days 2 (P < 0.0001), 3 (P < 0.0001),
4 (P <0.0001), and 5 (P < 0.0001) versus baseline. This
ratio must be interpreted with caution because the

proportions of each type of macromolecule in secretions
changed each day. The Lowry assay may not have been
sensitive to changes in this distribution because albu-
min was used as a standard and because mucin peptide
backbones are less reactive than albumin by this
colorimetric method.

In the uninfected subjects, 1gG did not change on any
day. The ratios of 1gG to total protein in the noninfected
subjects were 4.30 (baseline) and 4.25% (day 3).

Lysozyme

There were no significant changes in lysozyme in
either set of subjects (Fig. 4). The ratio of lysozyme to
total protein in the infected subjects decreased from
11.1% before inoculation to 8.0% on day 3 and did not
change in the noninfected subjects (10.8% at baseline
and 10.6% on day 3).

7F10-irm

The gel-phase 7F10-irm concentration rose twofold
on days 3 through 5 for the infected subjects (Fig. 4).
Concentrations did not change in the noninfected group.
On day 3, the gel-phase 7F10-irm was significantly
higher for the infected than for the noninfected group
(P = 0.015).

Sol-phase concentrations of 7F10-irm tended to in-
crease in both groups on days 2 and 3. However,
significant differences from baseline were found only in
the infected group.

The gel-to-sol ratio suggests partition of macromol-
ecules between the sedimented material and the dis-

Table 2. Noninfected subjects’ nasal lavage fluid constituents

Constituent Day 0 Day 1 Day 2 Day 3 Day 4 Day 5
IL-8, ng/ml 0.73+0.21 241+1.08 1.15+0.25 3.84+2.49 1.57+0.62* 1.31+0.55*
Total protein, pg/ml 20820 243 +28 268 +38 292+40 225+33 262 +43
19G, pg/ml 8.95+2.37 9.78+£2.49 13.22+3.30 12.42+3.24 11.393.60 13.97+3.35
Lysozyme, pg/ml 22.39+2.89 30.24 £3.58 30.62+4.28 31.03+3.79 27.01+3.79 29.58 +3.84
7F10-irm, pU/ml

Gel 108+34 135+40 15358 179 £63* 141 +57 20473

Sol 500 + 140 30060 790 =300 830+ 390 570+ 250 570+ 220
ABSM, pg/ml

Gel 108 +33 134+39 153+56 179+61 141+57 20473

Sol 108+28 112+ 15 164 +29 136+35 136+26 118 +28

Values are means * SE.

*Significant difference compared with infected subjects (Table 1), P < 0.05 by Mann-Whitney U-test.
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Fig. 3. Relative changes in mucus constituents of nasal lavage fluid.

Logarithm of multiple of increase for each study day compared with
day 0 is shown for total protein (O), 1gG (#), and interleukin-8 ().

solved phase. This ratiowas 0.27 + 0.03 for 7F10-irmin
noninfected subjects. Ratios were higher in infected
subjects on days 3 (0.34), 4 (0.40), and 5 (0.33), a finding
suggestive of mucus hypersecretion.

ABSM

The gel-phase ABSM concentration rose 1.7-fold on
day 3 in the infected group but remained significantly
elevated through day 5 (Fig. 4). There were no changes
in the noninfected subjects.

Sol-phase ABSM showed a small, but significant,
increase on day 3 in the infected subjects. The gel-to-sol
ratio was 1.30 = 0.11 for ABSM in noninfected subjects.
Ratios were higher in infected subjects on days 3 (2.32),
4 (2.10), and 5 (2.38). Again, this is suggestive of mucus
hypersecretion.

Summary of Changes

To gain an appreciation of the relative changes in
marker concentrations in the infected group, IL-8 and
IgG (Fig. 3) and glandular products (Fig. 4) were
plotted as the logarithm of the average multiple of

0.5

Log Multiple of Increase
o o o
TT°

©
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o
]
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Fig. 4. Relative changes in glandular products in nasal lavage fluid.
Logarithm of multiple of increase for each study day compared with
day 0 is shown for lysozyme (%), 7F10-immunoreactive mucin in gel
(#) and sol (¢) phases, and Alcian blue-staining mucoglycoproteins in
gel (M) and sol (O) phases.
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increase for each marker as a function of time. 1gG
began to rise before the others (day 2), peaked on day 3,
and then returned to baseline. IL-8 was maximal on
days 3 and 4. Gel-phase 7F10-irm and ABSM were
maximal on day 3 but were maintained as a plateau on
days 4 and 5. Sol-phase 7F10-irm and ABSM were
significantly increased on day 3 only. Lysozyme had no
change.

DISCUSSION

The patterns and magnitudes of symptom expression
for the subjects infected with RV-h were similar to those
reported for infection with RV-39, influenza A, and
Coxsackie virus infections (5-7, 17, 27). Congestion
and rhinorrhea symptoms were maximal on days 3 and
4, with sore throats present from days 2 to 5.

In each of these experimental infection models, secre-
tions increased progressively after inoculation, peaking
on days 2 and 3 before subsiding toward prechallenge
values by days 5—-10. Vascular permeability increased
rapidly and was maximal 3 days after inoculation.
Increases in glandular products including slgA (17),
lysozyme (17), and the gel-phase 7F10-irm and ABSM
(this study) tended to occur between days 3 and 5,
suggesting a relatively delayed onset in glandular
hypersecretion. The increase in slgA (17) may reflect
local antiviral IgA production with increased transport
via serous cells. The increases in gel-phase 7F10-irm
and ABSM suggest increased production and exocytosis
of these mucins. It is unknown whether there is in-
creased expression of the mucin backbone genes (29) or
glandular or goblet cell hyperplasia.

Rhinorrhea has been perceived to be a beneficial host
response to viral infection because large volumes of
plasma and glandular macromolecules with antiviral
and other protective functions are generated. However,
the role of these macromolecules in promoting second-
ary bacterial colonization and subsequent mucosal
infection is poorly understood. The benefits of mucus
hypersecretion are clearly not appreciated by infected
patients, who often seek symptomatic relief with «-
adrenergic agonist, anticholinergic, and antihistaminic
drugs. These symptomatic treatments do not appear to
alter the pathogenesis of the viral illnesses.

Atopic status had no effect on these secretory pro-
cesses because there were no differences in the concen-
tration of mucus components from either vascular or
glandular origins between the allergic and nonallergic
groups in this and previous studies (7, 17). This finding
suggests that the pathophysiology of the mucosal secre-
tory responses after viral infections is similar in both
groups. However, allergic subjects have significant
differences in immune function after RV-39 infection
(27), suggesting that immunologic responses to muco-
sal viral infections may differ in atopy.

A number of mediators have been found to be signifi-
cantly increased in nasal secretions during rhinovirus
infection. Bradykinin has been proposed as a mediator
of the vascular permeability response (22). However,
oral prednisone, which reduces bradykinin concentra-
tions during the common cold, had no effect on signs or
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symptoms (10). These data suggest that bradykinin
may not be the primary mediator of rhinovirus-induced
vascular permeability. Rather, the elevation of bradyki-
nin in the common cold may be one consequence of the
combination of increased plasma exudation plus in-
creased activities of kininogenase enzymes. If so, then
other mediators may be responsible for the prominent
vascular leak. The absence of an effect of prednisone
(11) suggests that inflammatory cascades that are not
subject to regulation by glucocorticoids may be respon-
sible for many rhinovirus symptoms.

Alternative candidate mediators include cytokines.
IL-1B, IL-6, IL-8, IL-11, tumor necrosis factor-a, regu-
lated on activation normal T cell expressed and se-
creted, and macrophage inflammatory protein-la are
significantly elevated during naturally acquired and
experimental common colds (8, 9, 15, 16, 28). IL-8 is of
particular interest because its levels increase rapidly
and it parallels the time course of nasal symptoms and
secretion of the neutrophil marker myeloperoxidase
(16). IL-8 can induce acute obstruction to nasal airflow
in atopic subjects (4), but this effect has not been
assessed during rhinovirus infection. The temporal
correlation of IL-8 production, rhinorrhea, nasal conges-
tion, vascular permeability, and neutrophil infiltration
suggests a cause-and-effect mechanism that should be
addressed by future investigations (23, 28).

On the aggregate, the current and previous data from
experimental RV-h and RV-39 infections and naturally
acquired common colds suggest an early release of
cytokines within 1-3 days, an increase in vascular
permeability, and production of a plasma-rich exudate
at the time of peak symptoms (2—4 days), followed by a
subsequent rise in secretory IgA and gel-phase MGP
production (after days 3-6). Although differences in
immune responses have been described for allergic and
nonatopic subjects, the current data indicate that there
was no difference in mucus hypersecretory mechanisms
for the two groups.
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