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Background: Despite the strong association of asthma exacer- 
bations with rhinovirus (RV) infection, inoculation of asthmat- 
ic subjects with RV only causes small changes in lower airway 
function, suggesting that RV infection is not itself sufficient to 
provoke asthma exacerbations. 
Objective: Our purpose was to test whether allergic inflamma- 
tion increases the airway response to RV infection. 
Methods: We compared the severity of RV type 16-induced 
colds in 2 groups of 10 subjects with allergic rhinitis. One 
group received 3 nasal challenges with allergen and the other 
received challenges with placebo over the week before nasal 
inoculation with RV type 16 (4000 tissue culture infective dose 
50% per subject). Subjects kept symptom diaries and were 
assessed with spirometry, methacholine challenge, nasal 
lavage, and sputum induction on days 2, 4, 7, 10, 15, and 30 
after inoculation. 
Results: The 2 groups developed equal rates of infection 
(90 %), similar cold symptoms (Jackson score median 
[interquartile range], 11 [6-33] vs 20.5 [6-42] for allergen and 
placebo groups respectively, P = .54), and similar changes in 
cellular profde and in IL-6 and IL-8 concentrations in nasal 
lavage fluid and induced sputum after RV inoculation. The 
incubation period was significantly longer in the allergen 
group (2.5 [1-5.5] vs 1 [1-1] day, P = .03) and the duration of 
cold symptoms was shorter (5 [4-7] vs 8.5 [6-10] days, P = 
.008). We also found an inverse correlation between the per- 
cent of eosinophils in nasal lavage fluid before inoculation and 
the severity of cold symptoms (r = -0.58, P = .008). 
Conclusion: In subjects with allergic rhinitis, augmented nasal 
allergic inflammation before inoculation with RV type 16 does 
not worsen the severity of cold symptoms but delays their 
onset and shortens their duration. (J Allergy Clin Immunol 
2000;105:923-32.) 
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Most asthma exacerbations are associated with infec- 
tion with a respiratory virus, particularly rhinovirus 
(RV). 1,2 However, when asthmatic subjects are assessed 
during naturally acquired or experimentally induced com- 
mon colds, only small and inconsistent changes occur in 
airway function; cl inical  worsening of  asthma rarely 
occurs. 3,4 For example, some investigators have reported 
modest but significant increases in bronchial responsive- 
ness to histamine, 5-1° methacholine, 7,11 and allergen chal- 
lenge. 6,7,12 Others have reported increases in lymphocyte 
and eosinophil  numbers in bronchial  mueosa.  8,9 Other 
investigators, however, have failed to detect changes in 
bronchial reactivity during experimental colds, i3-16 In our 
own comparison of  the severity of  upper and lower airway 
changes in healthy and asthmatic subjects inoculated with 
rhinovirus serotype 16 (RV-16), we found the severity of 
cold symptoms and the relative changes in pulmonary 
function to be highly similar. 4 Like most other studies of  
experimental colds in asthmatic subjects, 8,10,11;13;17 we 

found only small increases in asthmatic symptoms and no 
significant increase in the rescue use of  bronchodilators. 
We therefore speculated that some other factor or mecha- 
nism must be operative fo rRV infection to cause worsen- 
ing of  asthma. 

Possible candidates for this other factor or mechanism 
are differences in the virulence of  cold viruses or differ- 
ences in host immune responses. That virulence may dif- 
fer among cold viruses is suggested by studies showing 
greater changes in lower airway function after inocula- 
tion with RV-166, 8,10 than with RV-2,18 RV-39, I3,16 RV 
Hanks, 13,14 or attenuated influenza A virus. 15 These dif- 

ferences, however, cannot account for the great variabil- 
ity of  upper and lower airway responses among subjects 
within a single study, where subjects are inoculated by 
the same methods with the same strain of  virus. This 
calls attention to possible  differences in host  factors 
shaping the response to viral infection. 

Possible host factors that could influence the response 
to viral infection include immunity resulting from previ- 
ous exposure to the same or a similar virus, I9 HLA type, 
and modulation by cytokines. Animal  and clinical studies 
make the last possible factor appear especial ly likely. 
With use of  transgenic mice engineered so that most of  
their CD8 cells respond to a virus glycoprotein, Coyle et 
al20 demonstrated that the CD8 cell response to that gly- 
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Abbreviations used 
EIA: Enzyme immunoassay 

mRNA: Messenger RNA 
NO: Nitric oxide 

PC20: Provocative concentration causing a 20% decrease 
in FEV 1 

RSV: Respiratory syncytial virus 
RV: Rhinovirns 

TCID50: Tissue culture infective dose 50% 
TH: T helper lymphocyte 

coprotein could be switched from a T helper lymphocyte 
(TH) type 1 (TH1 to a TH2 pattern if the CD8 cells were 
exposed to mediators of allergic inflammation (exoge- 
nous IL-4 in vitro or allergen challenge in vivo). These 
findings led to the hypothesis that active allergic inflam- 
mation can switch the response to a respiratory virus from 
a TH1 to a TH2 pattern, so that infection results in an 
amplification of allergic airway inflammation. 21 Another 
mechanism by which allergic inflammation could worsen 
rhinovirus colds is by increasing expression of intercellu- 
lar adhesion molecule-l, the receptor for rhinoviruses, 22 
on nasal epithelial cells 23 and fibroblasts. 24 

Clinical studies of subjects with allergic asthma or rhini- 
tis have provided inconsistent support for this hypothesis. 
Some studies have reported that experimental colds cause 
greater increases in nonspecific airway reactivity 8,25 and 
produce more severe cold symptoms 26 in atopic than in 
healthy nonatopic subjects, whereas others have found no 
differences.14q6 Noting that these studies of atopic subjects 
were done out of the relevant pollen s ea son  8,9,14-16,25,27 and 
that in Coyle's animal experiments 20 the switch of vires 
antigen response from a TH1 to a TH2 pattern occurred 
when allergic inflammation was induced just before virus 
antigen exposure, we hypothesized that inducing allergic 
inflammation just before RV inoculation would amplify the 
local response to infection in atopic subjects. We have first 
tested this hypothesis in the nasal airway because the nose 
is the principal site of rhinovirus infection and because we 
thought that any great amplification of the nasal response 
would be tolerated more safely than a great amplification of 
the response of the lower airway. 

METHODS 
Study subjects 

Our protocol was approved by the Committee on Human 
Research and by the Biosafety Committee of the University of Cal- 
ifornia San Francisco. Subjects were recruited through advertise- 
ment and provided written informed consent to participate in the 
study. Inclusion criteria were age between 18 and 55 years, a history 
of allergic rhinitis with positive allergen skin tests, and serum neu- 
tralizing antibody titer for RV-16 <2. Exclusion criteria were smok- 
ing history within 1 year or >5 pack-years lifetime, cold symptoms 
or use of topical or systemic corticosteroids in the previous 4 weeks, 
asthma requiring more than intermittent bronchodilator treatment, 
allergen immunotherapy, regular use of allergic medications, use of 
anti-inflammatory medications, and respiratory disease other than 
allergic rhinitis and mild intermittent asthma. No medication was 
allowed during the study except for use of inhaled [32-agonists and 

acetaminophen as needed. Baseline characteristics of study subjects 
were similar in the 2 groups (Table I). 

Study design 
Baseline measurements were obtained during the first week of 

this 6-week, double-blinded, randomized, placebo-controlled study 
(Fig 1). In the second week subjects were randomized into 2 groups: 
one group to receive 3 nasal allergen challenges (allergen group) 
and the other to receive 3 nasal placebo challenges (placebo group). 
Nasal challenges were performed on alternate days (days --7, -5,  
and -3) in a double-blinded fashion. Vials containing allergen were 
prepared and blinded by an investigator not involved with the visit 
procedures. Placebo was calcium- and magnesium-free PBS (Uni- 
versity of California, San Francisco, Cell Culture Facility). Three 
days after the last nasal challenge, all subjects were inoculated with 
RV-16 on 2 consecutive days (days 0 and 1). 

In a pilot study of 5 subjects we confirmed that nasal symptoms 
returned to baseline 2 days after the last nasal allergen challenge. 
Because our main outcome was cold symptoms, we waited 72 hours 
after the last challenge to ensure that all nasal symptoms had 
regressed to baseline before RV-16 inoculation. 

All subjects recorded the severity of cold and chest symptoms in 
diaries throughout the study. On day 28 serologic studies for RV-16 
were repeated to verify seroconversion. Assessment of airway dis- 
ease was made by symptom diary, peak flow monitoring, spirometry, 
PC20, nasal lavage and sputum induction. 

Symptom assessment and peak flow 
monitoring 

Subjects kept diaries recording common cold and chest symp- 
toms each evening throughout the study. Cold symptom severity 
was assessed with the validated Jackson cold score 4,28 in which sub- 
jects graded from 0 to 3 (absent, mild, moderate, or severe) 8 symp- 
toms: nasal discharge, nasal congestion, sneezing, sore throat, 
cough, headache, malaise, and fever/chills. The Jackson cold score 
was calculated as the sum of the grades for all symptoms during 6 
days after RV-16 inoculation (days 1 to 6), minus the sum during the 
baseline week (days -13 to -8). To compare these symptoms with 
those caused by the allergen challenges, a similar score was calcu- 
lated for the week of nasal challenges (sum of days -7  to - 2  minus 
the sum of days -13 to -8) and referred to as nasal challenge symp- 
tom score. For the clinical diagnosis of a cold, a subject had to meet 
either of the following 2 criteria: (1) a Jackson cold score >13 com- 
bined with either increased rhinorrhea for >3 days after RV inocu- 
lation or the subject's perception of a cold or (2) if the cold score 
was <13, the combination of the perception of a cold and increased 
rhinorrhea for _>3 days. 28 Infection by RV-16 was documented by 
either recovery of RV-16 from nasal lavage or seroconversion of 
neutralizing antibodies to RV-16 (>4-fold rise in titer). Incubation 
period was measured in days from RV-16 inoculation (day 0) to the 
onset of cold symptoms. Because many subjects, particularly in the 
allergen group, had longer incubation periods than expected, we 
adjusted the Jackson score for the incubation period for each sub- 
ject. The adjusted score was calculated as the sum of all grades for 
cold symptoms over the 6 days after their first appearance minus the 
sum over the baseline period (days -13 to -8).  Time to peak of 
symptoms was measured in days from RV-16 inoculation (day 0) to 
the day of maximum total dally cold symptom score. 

Chest symptoms were assessed with a validated asthma symp- 
tom score 29 in which the subjects graded on an ordinal scale from 
0(none) to 10(extremely severe) 5 symptoms of asthma: shortness 
of breath, chest tightness, wheezing, cough, and sputum/phlegm. 
Subjects were given an Air-Watch peak flow meter (ENACT Health 
Management Systems, Mountain View, Ca/if) and instructed to per- 
form peak flow maneuvers in triplicate twice daily. 4 
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RG 1. Sequence of study visits and procedures in the order they were performed. Subjects kept a symptom 
diary and performed peak flow measurements daily. During the initial week subjects underwent skin prick test 
and titration (ST), spirometry (S), methacholine challenge (MC), sputum induction (SI), and nasal lavage (NL); 
these were repeated throughout the study as shown. In the second week subjects received 3 nasal challenges 
(NAC) with either allergen or placebo. The second nasal lavage on day -3 was performed 1 hour after the last 
dose of the nasal challenge. In the third week subjects were inoculated with RV-16 on days 0 and 1. A blood 
draw (B) on day 30 assessed seroconversion to RV-16. 

TABLE I. Basel ine clinical characterist ics of  subjects 

FEV 1 Skin test Dose of 
Group Age (y) Sex Race FEV1 (L) (% predicted) PC20 (mg/mL) RV-16 Ab titer sensitivity allergen* 

Allergen 
1 25 F C 2.8 90 108 0 G, C 
2 36 M C 3.9 98 125 0 G, DE DP 
3 26 M C 5.8 129 38 0 C, DE DE T, G 
4 23 F C 3.5 100 85 0 DE DF 
5 33 F B 3.2 110 8 2 T, DF 
6 22 M H 3.9 91 5 0 G, DE DP 
7 22 M C 5.9 118 87 1 DE C, DET,  G 
8 48 F C 2.5 96 70 1 G 
9 28 F C 3.9 111 104 0 DE C, DET,  G 

10 32 M H 4.1 103 164 1 DE DF 
Median 27 5M 3.8 102 86 

(IQR) (23-34) (3.1-4.6) (95-113) (31-112) 
Placebo 

11 26 M C 5.3 96 85 0 DE C, DF, T, G 
12 29 M H 3.5 90 279 0 C, D E D P  
13 48 F B 2.7 117 6 0 C, DR T, G 
14 44 F C 2.9 94 90 0 T ,G 
15 37 F C 3.2 119 0.3 1 DE C, DF 
16 25 M H 4.6 98 6 0 DE C, D E G  
17 32 M C 4.5 102 1 0 DE C, DF 
18 40 F C 3.1 94 5 0 DE C, DET,  G 
19 26 M A 4.4 102 172 1 G, C, T 
20 40 M C 3.7 95 15 0 G 

Median 34 6M 3.6 97 11 
(IQR) (26-41) (3.1-4.5) (94-106) (4-110) 

625 
125 

3125 
5 
5 

625 
125 
125 

5 
125 

m 

m 

m 

PC2o, Provocative concentration of methacholine causing a 20% drop from baseline FEV1; RV-16Ab titer, Titer is the reciprocal of the highest dilution of 
serum causing neutralization of 100 tissue culture infective dose 50% (TCID50) of RV-16; titer = 0, failure of undiluted serum to neutralize RV-16; skin test 
sensitivity, assessed for rye grass (G), cat (C), dust mites (DF and DE see Methods), and birch tree (T) and the allergen that elicited the largest skin reaction is 
listed first (chosen for nasal challenges in the allergen group); F, female; C, Caucasian; M, male; B, black; H, Hispanic; IQR, interquartile range; A, Asian. 
*Expressed as the reciprocal of the last dilution administered in the first nasal chatlengel Subjects were studied nut of their pollen season and they were not 
living with pets. There were no significant differences between groups. 

Allergen skin tests 
Allergy skin prick tests were performed in duplicate with plas- 

tic needles (Morrow Brown Allergy Diagnostics, Oakhurst, NJ) 
with use of 5 extracts: Dermatophagoides pteronyssinus (10,000 
BAU/mL), Dermatophagoides far inae (10,000 BAU/mL), cat 
hair (10,000 BAU/mL), rye grass (2% wt/vol), birch tree (2% 
wt/vol), and negative control (Bayer Corporation, Elkhart, Ind). 4 
Positive control was histamine base 1 mg/mL (Histatrol, Center 
Lab, Port Washington, NY). A reaction was positive if it elicited 

_>3 mm wheal with erythema at 15 minutes. The allergen produc- 
ing the largest wheal was used for the skin prick test titration in 
duplicate of  5-fold dilutions in calcium- and magnesium-free  
PBS from 1:5 to 1:78,125. 

Nasal challenges 
Nasal challenges were delivered with Atomizer #15 DeVilbiss 

(Somerset, Pa), which produces coarse droplets unlikely to be 
inhaled into the lungs. A 3-mL tube (E & K Scientific Products, 
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Campbell, Calif) was used to hold 2 mL of the challenging solu- 
tion. The atomizer was connected to a dosimeter (DSM-2, S&M 
Instrument, Doylestown, Pa) and actuation was set at 10 psi of 
pressure, 0.1 second of duration, and 2 seconds of standby time, 
For each dilution, 3 actuations were administered into each nostril 
(0.04 mL/actuation) during resting inspiration with the subject's 
head elevated 30 degrees. After 15 minutes the subject graded nasal 
congestion and nasal discharge from 0 to 3 (absent, mild, moder- 
ate, and severe) and number of sneezes (none, 1-3, 4-6, >7 
sneezes). A nasal symptom score was calculated by summing these 
grades (range 0 to 9). Nasal inspiratory peak flow (Youlten peak 
nasal inspiratory flow meter, Clement Clarke International) and 
spirometry were also measured. 

Challenging dilutions started with diluent nasal challenge (caM- 
um- and magnesium-free PBS) followed by either increasing 5-fold 
concentrations of allergen or repeat diluent challenges according to 
randomization. Challenges were continued until either the subject's 
nasal inspiratory peak flow dropped >_50%, the subject had a nasal 
symptom score of >6, or the last dilution (1:5 or diluent) had been 
administered 3 times. 

On the first nasal challenge (day -7), the first allergen dilution 
given after the initial diluent challenge was 5-fold more diluted 
than the weakest dilution causing a positive reaction in the allergen 
skin prick test titration. For the second and third nasal challenges 
(days -5 and -3), the first allergen dilution was 1:5 (ie, one step 
below) of the last dilution administered in the first nasal challenge. 
The last dilution of allergen given in the second and third nasal 
allergen challenges were within one 5-fold dilution for 95% of 
those challenges. 

Pulmonary physiology tests 
Spirometry was performed with a dry-rolling seal spirometer 

(Ohio 840), and methacholine challenge (0.078 to 80 mg/mL) was 
performed by the dosimeter technique as previously described. 4 For 
subjects who did not drop >20% at 80 mg/mL of methacholine, 
PC20 was extrapolated from the slope of the drop in FEV 1 as previ- 
ously described. 30 

Rhinovirus procedures 
The strain of RV-16 we used was generously provided by 

William Busse, MD, and Elliot Dick, PhD (University of Wiscon- 
sin, Madison, Wis). A passage 3 was safety tested for human 
use 31,32 and titrated to 1000 TCID50 per milliliter. 4 Subjects were 
inoculated with RV-16 on 2 consecutive days (days 0 and 1). On 
each day, 0.5 mL of a 1000 TCID50 per milliliter suspension was 
instilled with a transfer pipette into each nostril, followed by spray- 
ing 0.5 mL into each nostril with atomizer 15 (4 actuations of 0.4 
seconds at 10 psi). Thus each subject was inoculated with 4000 
TCID50 of RV-16. 

Nasal lavage titer was expressed as TCID50 and serum neutral- 
izing anti-RV-16 antibodies as the reciprocal of the highest dilution 
to cause neutralization of the RV-16 challenge, 4 

Nasal lavage and sputum induction after 
RV-16 inoculation 

Nasal lavage was performed by consecutively instilling 5 mL of 
warmed (33°C) calcium- and magnesium-free PBS solution into 
each nostril and having the subject blow his or her nose into a plas- 
tic cup after a 20-second dwell time. Sputum induction was per- 
formed by nebulization of 3.0% saline solution for 12 minutes, 4 
Sputum and nasal lavage samples were processed as previously 
described 4 to obtain total cell count, differential count of all cells for 
nasal lavage and of nonsquamous cells for induced sputum, and 
measurement of cytokines in the supernatant. 

Quantification of cytokines 
IL-4, IL-5, IL-6, IL-8, IL-12, and IFN- 7 were measured by 

enzyme immunoassay (EIA) according to the manufacturer's 
instructions (Quantikine kits from R&D Systems, Minneapolis, 
Minn). The reported sensitivity of the assays were, respectively, 
0.13, 3.0, 0.7, 10.0, 0.6, and 3.0 pg/mL. 

Statistical analysis 
Data were analyzed with StatView (BrainPower, Calabasas, 

Calif) and Stata (Stata, College Station, Tex) softwares. Values are 
expressed as median and interquartile range. Repeated measures 
were analyzed with the Friedman test, and when significant, 
between-group comparisons were made with the Mann-Whimey 
rank sum test and paired comparisons within group with the 
Wilcoxon signed-rank test. Proportions were compared with the 
Fisher exact test and correlations were analyzed with the Spearman 
rank-order correlation test. Results were considered statisticalIy sig- 
nificant when P values were <.05. Data from all 20 subjects were 
analyzed by intention to treat. 

RESULTS 
Nasal allergen challenges 

Nasal allergen challenges were successful in increas- 
ing symptoms and allergic inflammation. Subjects in the 
allergen group had significantly more nasal symptoms 
than did subjects in the placebo group during the week of 
nasal challenges (P = .001, Table II and Fig 2). On day 
-3, 1 hour after the third nasal challenge, the median per- 
cent eosinophil in nasal lavage fluid was 17.6% 
(interquartile range 4.4% to 41%) in the allergen group 
and 1.4% (0.2% to 10%) in the placebo group (P = .015). 
The median nasal symptom scores and percent 
eosinophils in nasal lavage returned to baseline in all 
subjects within 3 days (ie, by day 0 before the nasal inoc- 
ulation with RV-16) (Figs 2 and 3, B). 

Common cold symptoms 
In both groups 90% of the subjects were infected by 

RV-16 as demonstrated by nasal lavage culture or sero- 
conversion, and 80% had clinical colds according to 
Jackson criteria. Nasal lavage titers of RV-16 were simi- 
lar in both groups (Table II). 

The difference in severity of the common cold symp- 
toms between the 2 groups did not reach statistical sig- 
nificance (median Jackson score of 11 in the allergen 
group vs 20.5 for the placebo group, P = .54) and was 
even more  similar  when  calculated over the 6 days after 
the first appearance of  cold symptoms,  that  is, adjusted 
for the incubat ion per iod (20 vs 19.5, P = .87, see Table 
II and Fig 2). 

Unexpectedly, there was a significant delay in the onset 
of  c o m m o n  cold symptoms  in the al lergen group. The  
median interval between nasal inoculation and the first per- 
ception of  cold symptoms (incubation period) was 2.5 days 
in the allergen group and 1 day in the placebo group (P = 
.03). Furthermore, the duration of  cold symptoms, f rom the 
day of  first perception of  cold symptoms to the day when 
total daily cold symptom score returned to baseline (score 
f rom day -1) ,  was shorter in the allergen group than in the 
placebo group (5 vs 8.5 days, P = .008, Table II). 
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FIG 2. Median total daily Jackson cold symptoms in allergic rhinitis subjects who underwent nasal allergen 
(closed circles) or placebo (open circles) challenges on days -7, -5, and -3 and nasal inoculation with RV-16 on 
days 0 and 1. The allergen group had significantly greater nasal symptoms than the placebo group did (aster- 
isk, P= .001) during the week of nasal challenges. After nasal challlenges, symptoms returned to baseline on 
day 0 before RV-16 inoculation. The increases in cold symptoms after RV-16 inoculation in the 2 groups did not 
differ significantly, 

TABLE II. Common cold variables in subjects with allergic rhinitis pr imed with allergen or placebo nasal challenges 

before inoculation with RV-16 

Subjects 

Cold Time 
Duration of RV-16 titer •ymptom from Post- 

Nasal increa•ed in nasal score inoculation infection 
challenge Cold rhinorrhea lavage Incubation adju•ted for to peak Duration Ab 
•ymptom •ymptom during Perceived fluid period incubation of •ymptoms of cold titer to 

score score cold days a cold (1OX/mL) * (d) period (d) (d) RV-16t 

Allergen 
1 9 42 5 Yes 2 1 42 3 7 16 

2 32 9 3 Yes 5.5 6 27 8 4 0 
3 11 37 3 Yes 5 1 37 1 8 2 

4 11 11 4 Yes 5 6 25 7 5 16 

5 11 10 6 Yes 7 4 15 6 6 16 

6 7 -5  - -  No 0 - -  -5  - -  - -  8 

7 29 13 3 Yes 4 1 13 2 4 16 

8 18 -3 - -  No 3.5 - -  -3  - -  - -  1 

9 10 32 2 Yes 4 2 31 3 5 1 

10 13 11 3 Yes 0 3 11 3 4 2 

Median 11 11 3 80% 4 2.5 20 3 5 50% 

(IQR) (10-21) (6-33) (3-5) (1.5-5) (1-5.5) (8-33) (2-7) (4-7) 

Placebo 
11 -1  41 9 Yes 4.5 1 41 3 10 2 
12 15 29 0 Yes 4.5 2 27 4 6 0 

13 -13  45 9 Yes 7.5 1 45 2 10 64 

14 - 2  6 - -  No 0 - -  6 - -  - -  0 

15 -3  -8  - -  No 0 - -  -8  - -  - -  16 
16 3 12 4 Yes 3 1 12 1 8 4 

17 1 47 4 Yes 6 1 47 2 7 8 

18 9 29 9 Yes 4 1 29 2 9 4 

19 4 11 4 Yes 3 1 11 2 6 8 

20 -11  5 7 Yes 3.5 1 8 3 9 16 

Mean 0 20.5 5.5 80% 3.75 1 19.5 1.7 8.5 70% 

(IQR) (-5-5) (6-42) (4-9) (2-5) (1-1) (7.5-42) (1-2) (6-10) 

Statistical P = .002 NS P = .08 NS NS P = .03 NS P = .09 P = .008 NS 

significance 

Comparison between groups by Mann-Whitney rank sum test or Fisher exact tests for proportions. NS, Not significant. 
*'liter in TCID50 obtained by culturing 0.1 mL of nasal lavage fluid in duplicate (see Methods). 
tTiter is the reciprocal of the highest dilution of serum causing neutralization of 100 TCID50. Percentage indicates the proportion of seroconversion (4-fold or 
higher increase in titer). 
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FIG 3. Median total cells per milliliter (A) and percentage of neutrophils (B) in nasal lavage (NL) from allergic 
rhinitic subjects at various t ime points. Both the allergen group (closed circles) and the placebo group (open 
circles) had simitar and significant increases in the median total cells and percent neutrophils in nasal lavage 
fluid after RV-16 inoculation compared with baseline (day -14; dagger, P< .05) and with preinoculation (day 0; 
double dagger, P< .05) values, but the increases were delayed in the allergen group. 

Nasal lavage and induced sputum during 
cold 

Differential cell counts of nasal lavage fluid revealed 
the same changes in both groups, namely, a significant 
increase in total cells and percentage neutrophils during 
the common cold. These changes paralleled the changes 
in symptoms, that is, they were delayed in the allergen 
group but of similar magnitude in both groups (Table III 
and Fig 3). The percentage of eosinophils did not 
increase in either group during the cold. 

Cytokine measurements in nasal lavage fluid showed 
increases in IL-8 and IL-6 concentrations during the 
common cold in both groups. Again, those changes were 
delayed in the allergen group but were of similar magni- 
tude to those seen in the placebo group (Table III and Fig 
4). 

Unlike the nasal lavage results, induced sputum sam- 
pies showed no marked changes in differential cell count 
of nonsquamous cells or in IL-6 and IL-8 concentrations 
between or within groups (data not shown). 

Analyzing all subjects together, we found that the per- 
cent of eosinophils in nasal lavage fluid on day 0, just 
before RV-16 inoculation, correlated inversely with com- 
mon cold symptoms, both Jackson score and Jackson 
score adjusted for incubation period (r = -0.58, P = .008 
and r = -0.65, P = .002, respectively, Fig 5). 

As other studies did, we also found significant corre- 
lations between cold symptoms (adjusted Jackson score) 
and neutrophils (r = 0.71, P = .0004), IL-6 (r = 0.76, P = 
.0001), and IL-8 (r = 0.65, P = .002) in nasal secretions 
summarized as area under the curve during the cold (days 
0 to 15). 

We used EIA kits to measure TH1 (IFN-y and IL-12) 
and TH2 (IL-4 and IL-5) cytokines in nasal lavage and 
sputum samples. Very few nasal lavage and induced spu- 
tum samples had detectable levels of IL-5 and IFN-y. IL- 
4 and IL-12 were assayed in the nasal lavage fluid from 
the subjects with the worst colds in each group (subjects 
2, 5, 11, 13) and none was detected. 

Pulmonary function 

Serial spirometries showed a nonsignificant similar 
mild decrease in FEV t (4% decrease from baseline) on 
day 4 after inoculation of RV-16 in both groups. Reactiv- 
ity to methacholine did not change significantly in either 
group (data not shown). 

DISCUSSION 

In this study, we found that priming the nasal mucosa 
with nasal allergen challenges before RV-16 inoculation 
did not increase the severity of cold symptoms but did 
delay their onset and shortened their duration. This was 
also true for the increases in neutrophils and in IL-6 and 
IL-8 in nasal lavage fluid. We also found an inverse cor- 
relation between the percentage of eosinophils in the 
nasal lavage just before RV-16 inoculation and the sever- 
ity of the colds. We thus think it is possible that nasal 
allergic inflammation may attenuate RV-16 colds. 

It might be argued that the preceding nasal allergen 
challenges increased the perception threshold for nasal 
symptoms of the subjects in the allergen group, which 
could explain the delay in the onset of reported cold 
symptoms. However, the delay in appearance of subjec- 
tive symptoms was accompanied by a delay in appear- 
ance of signs (eg, purulent rhinorrhea) and of objective 
changes in nasal lavage (percent neutrophils, IL-6, and 
IL-8), corroborating a real delay in the onset of RV- 
16-induced nasal inflammation. 

Given the greater-than-expected variability in symp- 
tom scores, we acknowledge that our sample size was 
small for detecting differences in cold symptoms 
between the 2 groups. However, we believe that our 
results provide sufficient evidence that priming the nasal 
mucosa with repeated allergen challenges before rhi- 
novirus inoculation does not worsen cold symptoms. 
Cold symptoms were similar in both groups and, if any- 
thing, were milder in the allergen group. This group had 
a significantly shorter duration of cold symptoms. Our 
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FIG 4. Median concentration of IL-6 (A) and IL-8 (B) in nasal lavage fluid (NL) of allergic rhinitic subjects primed 
with allergen (allergen group, closed circles) or placebo (placebo group, open circles) on days -7, -5, and -3 
before RVq6 inoculation on days 0 and 1. IL-6 and IL-8 increased significantly in both groups after RV-16 inoc- 
ulation compared with baseline (day -14; dagger, P < .05) and with preinoculation (day 0; double dagger, P < 
.05) levels. On day 2, nasal IL-6 was significantly lower in the allergen group than in the placebo group (aster- 
isk, P < .05) because of the delayed rise in IL-6 in the allergen group. There was no significant difference in 
nasal IL-8 between the 2 groups. 
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FIG 5. When all subjects from the allergen (closed circles) and placebo groups (open circles) were analyzed 
together, there was an inverse correlation between the median percent of eosinophils in nasal lavage fluid 
immediately before RV-16 inoculation (day 0) and the severity of cold symptoms assessed by the Jackson cold 
score (A, r = -0.58, P = .008). This correlation was even stronger when the Jackson cold score was adjusted for 
the incubation period (B, r=  -0.65, P= .002) and persisted even after the 3 subjects with the highest values for 
percent eosinophiis were removed (r= -0.47, P= .05). 

results speak strongly against our initial hypothesis that 
allergen exposure before rhinovirus infection worsens 
cold symptoms. 

Comparing our results with those of previous studies 
reveals both similarities and differences. Our findings 
resemble those of previous studies showing RV-16 inoc- 
ulation to induce upper but not lower airway symp- 
toms. 14-16,25,27 Our inability to find an increase in 
bronchial reactivity during experimental RV colds in 
subjects with allergic rhinitis, unlike other investiga- 
tors,6-8, 10, 11, 25 could be due to our use of methacholine 

as the provocative agent. When histamine7, 8,1°,25 rather 
than methacholine7J 1,33 is used, changes in bronchial 
reactivity during RV-16-induced colds have more consis- 
tently been demonstrated. Our results also seem to differ 
from those of a previous study that reported more severe 
cold symptoms in atopic than in nonatopic subjects inoc- 
ulated with RV-16. 26 That difference was found, howev- 
er, only among atopic and nonatopic subjects who were 
seropositive for RV-16, and not among seronegative sub- 
jects who developed colds of similar severity regardless 
of atopic status. 
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TABLE III. Results of nasal lavage variables in subjects with allergic rhinitis 

Before After 
third third 

Variable Group Baseline* NAC t NAC Day 0 Day 2 Day 4 Day 7 Day 10 Day 15 

Nasal lavage fluid 
Total cells Allergen 0.2 0.5 0.9 0.9 1.3 
(xl05/mL) (0.1-1.0) (0.3-0.8) (0.6-1.3) (0.6-1.7)$ (0.8-2.4); 

Placebo 0.6 0.8 0.6 1.1 
(0.4-2.2) (0.2-1.4) (0.2-2.1) (0.5-1.7) 

Eosinophils (%) Allergen 0.6 1.9 17.6 3.6 
(0.4-2) (0.7-20) (4.4-41):~ (0.5-6) 

Placebo 1.4 1.8 1.4 1.3 
(0.6-8) (0.2-22) (0.2-10) (0-6.5) 

Neutrophils (%) Allergen 13.5 14.7 35 37 
(4.4-33) (1-51) (25-60); (10-62)$ 

Placebo 32.4 30.3 42 43 
(3-59) (10-56) (29-83) (3-74) 

IL-6 (pg/mL) Allergen 0 0 0 0 
(0-0) (0-0) (0-0) (0-1.6) 

Placebo 0 0 0 0 
(0-0) (0 -3 ,6 )  (0-4 .4)  (0-10) 

IL-8 (pg/mL) Allergen 0.10 0.16 0.08 0.14 
(0-0.4) (0-0.35) (0-0.14) (0,4-0.7) 

Placebo 0.10 0,19 0.10 0.32 
(0-0.6) (0-2 .5)  (0-0.3) 

1.9 3.9 7.3 1.9 
(0.4-23):) (1.6-39);§ (0.8-17):) (0.4-3.4):) 

5.9 14.1 2.6 4.3 1.8 
(0.9-162):)§ (0.5-122);§ (0.2-33)~:§ (0.9-21); (0.8-4.4.) 

2.5 3.3 1.1 2.3 2.1 
(0.3-6) (0.5-6)  (0.5-3.8) (0.2-4.6) (0.3-12) 

2.8 0.8 0.8 1.6 1 
(0.4-6) (0.3-6.8) (0.2-4) (0.4-4.7) (0.2-3.2) 

28 49 64 58 50.5 
(13-53) (23-92):) (48-92)~§ (44-86):) (15-67) 

75 85 81 81 56 
(17-92)$ (24-97):~ (40-97)$ (37-90):~ (10-87) 

0 14.8 20.7 29.3 0 
(0-46) (0-91):~§ (3-121):~§ (0-115):)§ (0-10) 
63.3 83,6 10.6 14.1 2.5 

(6-522):~§[ I (0-219):)§ (4-74):)§ (3-33):)§ (0-6) 
0.38 0.49 1,29 2.12 0.32 

(0.1-2.33)~ (0.2-2.8):) (0.5-3.3)~ (0.2-32):)§ (0-8.2)$ 
1.25 1.6 0.70 2.6 0.47 

(0-0.6) (0.3-3.2):~ (0.2-3.2); (0.2-2,6)$§ (0.6-5.4)5/ (0.3-0.8):) 

Median (interquardle range) of values at baseline* during the first week, before and after the third nasal challenge'~ on day -3, and during the 15 days after 
RV-16 inoculation. For all variables, repeated-measures Friedman test yielded P < .002, except for percent eosinophils in the placebo group (P > .05). Signifi- 
cant differences (P < .05) between groups pn the same dayll and within either group compared with baseline (day -14):~ and with preinoculation values (day 
0)§ are depicted. 

The most intriguing finding in our study is that the 
severity of cold symptoms was not increased by preced- 
ing augmentation of nasal allergic inflammation because 
animal  studies with similar study design have found 
greater lower airway inflammation in animals intratra- 
cheally challenged with allergen before respiratory syn- 
cytial virus (RSV) inoculat ion than in animals  that 
received either intervent ion alone. 34 However, RSV 
causes marked cytopathic effects in epithelial cells in the 
lower airways, whereas RV causes little to no damage to 
epithelial cells 3 and it probably replicates preferentially 
in the upper rather than the lower airways because of its 
temperature sensit ivi tyY The reverse sequence, RV-16 
inoculation followed by bronchial allergen challenge, has 
been done in atopic subjects and was shown to be asso- 
ciated with more severe reactions to allergen challenges 
such as a higher incidence of late-phase bronchial reac- 
tions, greater increases in bronchial  reactivity, and 
greater release of his tamine and TNF-fz into the air- 
way. 6,7,12 This Shows that the interactions between aller- 
gen- induced and rhinovirus- induced inf lammatory 
responses are complex. It is conceivable that the interac- 
tions between these inflammatory responses are different 
in the lower and upper airways, and it is still possible that 
in the lower airways allergic inflammation promotes RV 
infection or alters the response to RV. It is also possible 
that repeated low-dose allergen challenges (instead of the 
high-dose challenges used in our study) or a single aller- 
gen exposure before RV infect ion could amplify the 

response to subsequent  RV inoculat ion because the 
cytokine profile induced by allergens may change with 
the time course of exposure 36 (see below). In that regard, 
comparing allergic rhinitic or atopic asthmatic subjects 
inoculated with RV in and out of the relevant pollen sea- 
son would provide a better model to study interactions 
between RV infection and natural exposure to allergens. 

Few reports on experimental colds in allergic subjects 
have assessed the timing of onset of cold symptoms. The 
usual incubation period (from virus inoculation to the 
onset of  first cold symptoms) for experimental colds is 
10 to 16 hours. 37 Doyle et a138 compared nonallergic 
with allergic subjects out of pollen season infected with 
RV-39 and found that they had similar magnitude, fre- 
quency, and extent of symptoms. Although they noticed 
an earlier onset of sneezing (on day 1) and of eustachian 
tube obstruction (on day 2) in the allergic subjects, the 
overall changes during the colds were similar in the two 
groups and all other cold symptoms and physiologic 
measures (rhinomanometry, time of saccharin clearance, 
and spirometry) had similar magnitude and time of onset 
in both groups. The authors concluded that the severity of 
the colds was similar in allergic and nonallergic subjects. 
In our study all changes in symptoms and nasal secre- 
tions were delayed in subjects with allergic rhinitis who 
underwent allergen challenges before RV-16 inoculation. 

Several mechanisms could explain the significant  
delay in the onset and the shortening in duration of colds 
in subjects primed with nasal allergen challenges. First, 
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the cytokine profile may change with the time course of 
allergen exposure. After intradermal injection of relevant 
allergens in atopic subjects, in situ hybridization studies 
have revealed that expression of IL-4 and IL-5 messen- 
ger RNAs (mRNA) increase within 6 hours and wane by 
96 hours and that expression of IFN-? and IL-2 mRNAs 
increase 48 to 96 hours after challenge. 36 Thus the 
repeated exposure to allergen in our subjects could have 
increased the production of IFN-? and IL-2, which in turn 
could have increased the cytolytic activity of natural 
killer ceils and cross-reactive cytotoxic T lymphocytes 
before R~r-16 inoculation and led to attenuation of the 
common cold infection. Our inability to measure TH1 
and T~2 cytokines in most of the nasal lavage samples 
precludes us from any direct analysis of this theory. 
Besides TH1 cytokines, anti-inflammatory or down-regu- 
latory cytokines such as IL-10 could have been secreted 
after repeated allergen challenges and inhibited the sub- 
sequent inflammatory response to the RV-16 infection. 

A second mechanism that could explain the delay in 
onset and shortening of duration of colds caused by 
repeated allergen challenges before RV-16 inoculation is 
the local production of nitric oxide (NO). The nasal con- 
centration of NO is increased in allergic rhinitic sub- 
jects 39,4° and further increases in the late phase response 
to allergen challenge. 41 Sanders et a142 has demonstrated 
that NO inhibits rhinovirus-induced production of IL-6 
and IL-8 and rhinovirus replication in epithelial cells. 
Therefore, the allergen challenges in our study could 
have inhibited RV-16-induced inflammation and infec- 
tivity indirectly by the induction of NO synthesis. 

A third mechanism that could explain differences in 
cold severity between our 2 groups is the antiviral effects 
of eosinophil products. Eosinophil granular products 
such as eosinophil cationic protein and eosinophil- 
derived neurotoxin have ribonuclease activity and antivi- 
ral activity against RSV. 43 If these activities extend to 
rhinovirus, this could explain at least in part the inverse 
correlation we found in our study between percent 
eosinophils in nasal lavages immediately before RV-16 
inoculation and severity of cold symptoms. 

During acute common colds, we found increases in 
neutrophil percentage and IL-6 and IL-8 concentrations 
in nasal lavage fluid. These changes have been proposed 
as the mechanism by which cold viruses provoke symp- 
toms. I0,44-47 Our finding of a delayed increase in nasal 
IL-6, IL-8, and neutrophil percentage paralleling the 
delayed appearance of cold symptoms in the group 
primed with nasal allergen challenges before RV-16 inoc- 
ulation corroborates the current concept that the host 
response and not the virus causes cold symptoms. 48 

In summary, we found that priming the nasal mucosa 
with repeated allergen challenge before RV-16 inocula- 
tion does not worsen the severity of common cold symp- 
toms but delays their onset and shortens their duration. 
These changes in cold symptoms were associated with 
parallel changes in the appearance and persistence of 
neutrophils, [L-6. and IL-8 in nasal secretions. These 
findings suggest that allergic rhinitis may not predispose 

people to more severe colds and indirectly suggest that 
environmental allergen exposure may not increase the 
likelihood of viral respiratory infection precipitating an 
asthma exacerbation. 

We thank Ms Eunice Tam and Ms Hattie Grundland for techni- 
cal assistance. 
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