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Background: Why allergic subjects may have asthma or rhi- 
nitis on allergen exposure remains unclear. 
Objective: This study was carried out to compare airway re- 
sponses during environmental allergen challenge (EAC) with 
quantitative allerge n provocation challenges of the upper and 
lower airways. 
Methods: Thirteen subjects with allergy to cats underwent 
EAC to cats. Lower airway responses during EAC were com- 
pared with bronchoprovocation with allergen. Nasal mucosal 
challenge with allergen-soaked disks were compared with 
EAC nasal responses.  Nonspecific bronchial reactivity was 
assessed with methacholine: allergen sensitivity was assessed 
by skin prick tests. RAST. and end-point skin titration. 
Results: During EAC, the maximal fall in FEV 1 ranged from 
6% to 57% (median, 18%) and correlated closely with aller- 
gen bronchoprovocation PD2o (Spearman's correlation coeffi- 
cient [Rs] = -0 .85 ,  p < 0.0002). EAC asthmatic responses 
and allergen bronchoprovocation correlated with methacho- 
line PD2o (R s = -0 .85 ,  p = 0.0002 and Rs = 0.83, p = 
0.0004, respectively). Nasal provocation and EAC nasal re- 
sponses correlated with each other but not with lower airway 
responses.  On the basis of EAC and allergen bronchoprovo- 
cation responses,  seven participants with asthma were identi- 
fied. This group was significantly more sensitive to inhaled 
methacholine but was similar to the nonasthmatic group in 
IgE-mediated sensitivity and nasal responses.  
Conclusions: The lower respiratory tract is less responsive to 
allergic and nonallergic stimuli in persons with allergic rhi- 
nitis. In persons with asthma during EAC, the response to 
nebulized cat allergen is also abnormal and correlates closely 
with their abnormal responsiveness to nonimmunologic stim- 
uli. (J Allergy Clin Immunol 1997:99:798-805.) 
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Among the several arguments supporting a relation- 
ship of asthma to IgE-mediated allergy 1 is the ability to 
induce acute asthma with inhaled allergen. 2-5 These 
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Abbreviations used 
BU: 

BAU: 
EAC: 
HSA: 

PIPES: 
PRU: 

Rs: 

Breath units 
Biologic allergen units 
Environmental allergen challenge 
Human serum albumin 
Piperazine-N.N'-bis- [2-ethanesulfonic acid] 
Pharmacia RAST units 
Spearman's correlation coefficient 

bronchoprovocat ion studies have. however, been  confus- 
ing, because most investigators find that the acute 
responses to allergen exposure do not reflect the state of 
chronic respiratory disease. 2-6 In these studies the acute 
asthmatic response can be induced by similar doses of 
allergen in sensitized individuals with a history of allergic 
rhinitis or  with asthma, despite wide differences in 
clinical symptoms. 1-7 

In environmental  challenges with rat s and cat 9 aller- 
gens. we found that all individuals with positive skin 
prick test or R A S T  responses to these allergens had 
acute rhinitis, whereas only half of the individuals had 
acute asthma. Those persons with an asthmatic response 
almost always had an abnormal response to methacho-  
line challenge, although their skin test and R A S T  re- 
sponses to cat allergen were not  significantly different 
from those of subjects with an isolated nasal response, 
Because animal allergens are carried on particles of  
diverse sizes 1~ and are likely to be widely distributed in 
the respiratory t ract?  1 our results suggested that the 
airways in persons with allergic rhinitis or asthma re- 
spond differently. However,  because our results dis- 
agreed with earlier reports that demonstrated that all 
sensitized persons experience acute asthma after specific 
allergen inhalation challenges, regardless of their history 
of  chronic asthma. 2-6 we believed that these distinctive 
responses should be examined more  closely. 

We hypothesized that the distinctive lower airway 
responses we observed after environmental  challenge 
occurred ei ther because the lower airways responded in 
a distinct manner  in persons with an asthmatic response 
or because the nose may have filtered the allergen and 
reduced lower airway exposure. Therefore  we compared 
airway responses of  patients with allergy to cats during 
the environmental  allergen challenge (EAC)  with their 
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responses  during b ronch ia l  and  nasal  a l lergen chal lenge 
and  dur ing me thacho l ine  inha la t ion  challenge.  

METHODS 
Subjects 

Adult volunteers with allergy to cats who were in generally 
good health were recruited by advertisement, and a detailed 
history of allergy was obtained by questionnaire. The study was 
approved by the Joint Committee for Clinical Investigation of 
Johns Hopkins University, and all participants gave informed 
consent. The following tests were performed in all subjects: 
screening skin prick tests with 10 common allergens, RAST with 
cat allergen, intradermal end-point skin titration with cat 
allergen, exposure to cats in an environmental challenge, 
bronchial provocation inhalation challenges with both metha- 
choline and cat allergen, and quantitative nasal challenges with 
cat allergen. 

A positive history of rhinitis was defined by nasal pruritis, 
congestion, and rhinorrhea occurring seasonally or perennially 
or being precipitated after exposure to cats. A positive history 
of asthma was defined by the presence of two of three symp- 
toms consisting of wheezing, chest tightness, or cough for at 
least 3 months per year and 1 to 3 days per month. 

Blood tests 
IgE levels to cat allergen were determined with the Phad- 

ezym RAST system (Pharmacia, Uppsala, Sweden). Results are 
expressed as Pharmacia RAST units (PRU)/ml. 

Skin testing 
Skin prick tests (with a bifurcated needle) were performed 

with a battery of allergens including those from dust mites, 
molds (a mix of AspergilIus, Penicillium, Mucor, and Fusarium), 
orchard grass, maple, oak, ragweed, plantain, cockroach, and 
furred animals with glycerin:saline (50:50) and histamine (5 
mg/ml) controls. A positive test result was defined as a wheal 
greater than one half of the diameter of the histamine control 
and at least 2 mm larger than the diameter of the glycerin:saline 
control. All subjects had at least a positive skin prick test 
response to cat extract. Intradermal skin titration with cat 
allergen was performed by using serial 10-fold and half-loga- 
rithmic dilutions of cat hair extract (5000 biologic allergen units 
[BAUJ/ml, equivalent to 7.5 units Fel d 1/ml; ALK laboratories, 
Inc., Hersholm, Denmark) prepared in sterile normal saline 
solution with 0.4% phenol and 0.03% human serum albumin 
(HSA) (Miles Laboratories, Spokane, Wash.) creating dilutions 
ranging from 5 • 10 .7 BAU/ml to 50 BAU/ml. All diluted 
samples were stored at 4 ~ C and were made fresh monthly from 
the same lot of allergen. Serial dilutions of cat allergen were 
injected intradermally, in duplicate, in a volume of 0.05 ml 
along with histamine controls (0.1 mg/ml) with a 27-gauge 
needle, and the results were read at 15 minutes. Wheal-and- 
flare circumferences were traced and transferred with tape to 
paper. The maximal diameter of the flare was averaged with its 
perpendicular diameter and plotted on semilogarithmic paper. 
The concentration of allergen causing a flare equal to the 
histamine flare was considered the end point of titration and 
was expressed in BAU/ml? 2 The weakest dilution causing a 1 
cm wheal with a 2 to 3 cm flare was used as the starting dose for 
bronchial provocation testing. 13 

Environmental challenge procedure 
A cat-exposure room with a total volume of 13.7 m 3 and 

containing two female cats that roam freely has been exten- 

sively characterized and studied. ~~ The room contained a bed 
with an encased mattress, an upholstered chair, and a small 
carpet. Before challenge, the cats were placed in a cage in the 
room, the chair was removed, bedding was shaken to disturb 
allergen, the litter boxes were removed, and ventilation was 
turned off. Spirometry was performed in an adjacent clean 
room by standard techniques with a Stead Wells spirometer 
(Warren Collins, Inc., Braintree, Mass.) and by using published 
norms to establish predicted spirometric values. Baseline spi- 
rometry was performed and repeated every 15 minutes during 
the 1-hour challenge. Challenges were terminated early if 
subjects became too uncomfortable or had a drop in FEVI of 
greater than 50%. Upper respiratory symptoms (congestion, 
rhinorrhea) and lower respiratory symptoms (tightness, wheez- 
ing) were scored on a scale of 0 to 3 at baseline and every 2 to 
3 minutes during the challenge. These scores were averaged 
over the time of the challenge, and upper and lower airway 
scores were averaged separately to obtain a mean upper airway 
score and a mean chest symptom score, each with a maximum 
value of 3. 

Air sampling was performed during the challenge proce- 
dure by using a small portable pump with a flow rate of 3.5 
to 4.2 L/rain (Gilian Instrument Corp., Wayne, N.J.) and 25 
mm round glass-fiber filters on a support pad (Millipore 
Corp., Bedford, Mass.) attached to the subject's lapel as 
previously described? ~ Pumps were calibrated before each 
use with a Buck calibrator (A.P. Buck, Orlando, Fla.). Filters 
were kept frozen at - 1 0  ~ C until overnight extraction at 4 ~ C 
in 1.5 ml of piperazine-N,N'-bis-[2-ethanesulfonic acid] 
(PIPES) Tween as previously described? ~ Fel d 1 levels were 
quantified with a two-site monoclonal antibody assay as 
previously described. 14 

Inhalation bronchial challenge with cat extract 
and methacholine 

All EACs and provocation tests with allergen were per- 
formed at least 7 days apart. Inhaled 13-agonists were avoided 
for 4 hours, theophylline was withheld for 24 hours, and the 
subject using terfeuadine avoided it for 7 days before any 
testing. Challenges were performed in the winter months for 
patients who displayed sensitivity to seasonal allergens based on 
prick testing and at least 4 weeks after any upper respiratory 
infection. Subjects were not specifically instructed to avoid 
perennial allergens but were required to be free of symptoms at 
the time of each challenge as determined by FEV1 values being 
within 20% of predicted values and mean symptom scores being 
less than 0.5. If environmental allergen exposure was performed 
more than 45 days after other bronchial challenges, a metha- 
choline test was repeated, and the value had to fall within one 
dilution of that obtained from a previous methacholine test to 
qualify the patient for continuation in the experiment. 

The identical cat allergen extract used for skin testing was 
diluted in HSA-saline and was administered in increasing 
concentrations by inhalation until a fall in FEV~ of 20% or 
greater was observed. 13,15 Each concentration of aerosolized 
extract was inhaled five times, the dose being delivered through 
a DeVilbiss No. 646 nebulizer (DeVilbiss Co., Somerset, Pa.) 
attached to a dose-metering device with an air source at a 
pressure of 20 psi? 3 For each subject, the initial concentration 
of cat extract used for bronchial provocation testing was at least 
10-fold higher than the weakest dilution causing a 1 cm wheal 
after intradermal skin testing, as described above. Subsequent 
concentrations were administered in twofold increments up to a 
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TABLE I. Characteristics of the study population 

Age Cat FEV 1 Methacholine 
Subject (yr) Sex ownership (% predicted) PD2o (BU) 

End-point 
RAST skin 

response titration 
with cat with cat Positive 
allergen allergen screening 
(PRU/ml) (BAU) skin tests Medications 

1 22 M No 79 

2 31 F No 94 

3 36 F Yes 90 
4 34 F Yes 88 
5 23 F No 83 
6 32 F Yes 80 
7 26 F No 111 
8 20 F No 84 
9 49 F Yes 96 

10 27 M No 87 
1l 34 F No 99 
12 27 M No 96 

13 34 F Yes 104 

1.5 

2.8 

1.5 
5.8 

37 
8 
4 

100 
12 
26 

100 
100 

100 

2.2 10 4 /10  Albuterol prn, 
theophylline 
300 mg qd 

10.6 0.37 4/10 Albuterol prn, 
theophylline 
300 mg bid 

54.4 0.03 7 /10  Albuterol prn 
7.1 0.05 5/10 Albuterol prn 
0.1 50 8/10 None 
1.0 0.16 3/10 Albuterol prn 
5.8 1.2 6 /10  Albuterol prn 
0.5 5 4/10 Albuterol prn 
4.0 0.08 7/10 None 

18.2 0.23 6/10 Albuterol prn 
0.8 1.25 7/10 None 
0.3 0.03 9 /10  Albuterol prn, 

terfenadine 
0.1 50 3/10 Albuterol prn 

bid, Two times a day; prn, as needed; qd, daily. 

maximal concentration of 625 BAU/ml. After determination of 
a baseline FEV1 value, which had to be at least 70% of the 
predicted value, a control aerosol of diluent (HSA-saline) was 
administered. The FEV1 value obtained after diluent challenge 
had to fall within 10% of the baseline value and represented the 
baseline value for the determination of a 20% fall in FEV v 
Pulmonary function tests (forced vital capacity and FEV1) were 
performed 10 minutes after each test solution. The cumulat/ve 
dose of cat extract in BAU was plotted on semilogarithmic 
paper to determine the cumulative dose causing a 20% fall in 
FEV1. Subjects without a 20% fall in FEVI after the highest 
dose were assigned a value of 120 BAU. 

Methacholine was administered in a similar fashion ~5 by 
starting at 0.075 mg/ml and using doubling concentrations at 
3-minute intervals until a fall in FEVa of 20% or greater was 
obtained. Aerosols were delivered by the methods described 
above for cat extract. Results are expressed as cumulative 
breath units (BU), where 1 BU is equivalent to one breath of a 
solution containing 1 mg of methacholine per milliliter. Sub- 
jects who did not achieve a 20% fall in FEV1 at the highest 
concentration of methacholine (25 mg/ml) were assigned a 
value of 100 BU. 

Nasal  disk cha l lenge  w i t h  cat  a l lergen 

The method of allergen challenge of the nasal mucosa with 
paper disks was adapted from the methods of Baroody et al) 6,17 
Eight-millimeter diameter filter paper disks were punched from 
Shandon filter paper cards (Shandon Inc, Pittsburgh, Pa.). 
Disks used for collection were placed in 1.5 ml microtubes 
(Sarstedt, Inc., Newton, N.C.) and weighed with a Mettler AlE 
240 electronic balance (Mettler Instrument Corp., Hightstown, 
N.J.). The disks were able to retain 50 to 55 ixl of test solution 
or secretion. Test reagents were as described above, and 
dilutions of cat extract were prepared in HSA-saline. A dry disk 
was placed on the middle portion of the left anterior third of the 
nasal septum, just posterior to the mucocutaneous junction, by 

using a surgical headlight, nasal speculum, and duckbill forceps. 
The first disk was kept in place for 30 seconds and was then 
sealed in a microtube. Nasal lavage was then performed five 
times with 5 ml of warm saline solution to reduce secretions to 
a stable baseline. After 5 minutes, another collection disk was 
placed for 30 seconds to confirm that secretions were reduced 
from baseline. The disks were placed 5 minutes later in the 
following sequence: (1) a disk soaked with 50 ~1 of diluent was 
placed for 60 seconds and removed; (2) a dry collection disk was 
next placed 30 seconds after removal, left in place for 30 
seconds, and then placed in its microtube and sealed; (3) after 
90 seconds, a second collection disk was placed in the same 
location for 30 seconds and then removed. This series of events 
was repeated after an 8-minute rest period to test each dilution 
(50 BAU/ml, 500 BAU/ml, and 5000 BAU/ml) of cat allergen. 
The 8-minute waiting period was shown to allow the nasal 
secretion to return to baseline. 16,17 

Immediately after the challenge, the capped tubes containing 
the disks were reweighed. The difference from the original 
weight represents the milligrams of secretion elicited. The 
mean secretion weight was calculated from the two disks 
obtained at each concentration of challenge solution corrected 
for secretion weight after diluent challenge. Symptom scores 
were also measured after each challenge (a rating from 0 to 3 of 
congestion, drainage, and pruritis) and recorded as a total 
symptom score for each challenge after correction for diluent 
challenge, with a maximum score of 9. 

Stat ist ics 

Spearman correlation coefficients (R~) and Kruskal-Wallis 
analysis of variance were used for statistical analysis by using 
GraphPad Instat Mac Software (GraphPad Software, San Di- 
ego, Calif.). Student's two-tailed t test or Fisher's exact test was 
used to compare group differences, and data that were not 
normally distributed were log-transformed before analysis. A p  
value less than 0.05 was considered significant. 
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TABLE II. Results of environmental  challenge 
O 

Mean upper 
Maximum Mean chest respiratory Fel d 1 level LU 

% fall symptom symptom in room c- 
Subject in FEV~ score score during EAC 

No. during EAC during EAC during EAC (ng/m 3) "~ 

1 57 1.4 1.3 346 tl.I LL 
2 56 2.3 1.1 1461 e- 
3 48 1.6 2.1 9349 -~ 
4 45 1.9 1.1 993 
5 35 0.9 1.2 1209 
6 34 1.4 1.9 3250 
7 18 0.4 0.9 590 
8 13 0 1.7 2967 E 
9 10 1.6 1.7 928 E 

10 10 0.8 1.4 378 "~ 
11 7 0 1.1 302 ~- 
12 6 0.1 1.6 442 
13 6 0 0.6 289 

R E S U L T S  
C h a r a c t e r i s t i c s  of  s u b j e c t s  

The characteristics of the subjects (10 women and 3 
men) are presented in Table I. The ages of the subjects 
ranged from 20 to 49 years (mean, 30 years). There were 
no smokers. Although inclusion in the study required 
only a positive skin prick test response to cat allergen 
and a history of any airway symptoms after exposure to 
cats, all of the subjects had asthma and rhinitis, and all 
listed exposure to cats as a precipitant. Five subjects had 
eats in the home. Baseline FEW 1 values ranged from 
80% to 111% of predicted values (mean, 91%). Metha- 
choline PD2o values ranged from 1.5 BU to more than 
100 BU (geometric mean, 14.6 BU), with four subjects 
not experiencing a 20% fall in FEV a at the highest 
concentration tested. RAST responses with cat allergen 
ranged from 0.1 to 54.4 PRU/ml (geometric mean, 1.9 
PRU/ml), and cat end-point skin titration values ranged 
from 0.03 BAU to 50 BAU (geometric mean, 0.70 
BAU). End-point skin tests correlated with cat allergen- 
specific RAST tests (R~ = -0 .55 ,p  = 0.05). On average, 
subjects had six positive skin test responses (range, 4 to 
9 positive results), seven subjects had positive skin test 
responses to dust mites, three subjects had positive skin 
test responses to molds, and nine subjects had positive 
skin test responses to pollen. Three subjects did not use 
medications for asthma, whereas the remainder used 
albuterol as needed; two subjects used theophylline 
daily, and one subject used terfenadine. 

R e s u l t s  of  e n v i r o n m e n t a l  a l l e r g e n  e x p o s u r e  

The results of the EAC to cats are shown in Table II. 
Eleven subjects completed the 1-hour challenge. Sub- 
jects 1 and 2 terminated their challenges at 24 and 15 
minutes, respectively, because of a greater than 50% fall 
in FEV 1 and discomfort. All 13 of the volunteers expe- 
rienced nasal symptoms during EAC. Average nasal 
symptom scores (for congestion and rhinorrhea) ranged 
from 0.6 to 2.1 (mean, 1.3). Table III  summarizes 

100- 

I 0 -  

Rs=-0.85 
p<0.0002 

1'0 

M e t h a c h o l i n e  PD2oFEV1 (BU) 

l& 

FIG. 1. The maximal percent fall in FEV~ during EAC to cats was 
highly correlated inversely with the methacholine PD2o value (R, 
= -0.85, p < 0.0002) among the 13 subjects with cat allergy. The 
PD2o values for four subjects with values greater than 100 BU 
were plotted as 100 BU. 

correlations between the variables tested in the study. 
Nasal symptom scores in the EAC were not correlated 
with RAST responses to cat allergen (R~ = 0.22, p = 
0.48), intradermal end-point titration to cat (R S = -0.53, 
p = 0.06), or results of screening prick tests with allergen 
(Rs = 0.19, p = 0.53). 

There was a wide range of lower airway responses 
during the EAC (Table II). The maximum fall in FEV a 
ranged from 6% to 57% (mean, 25%). Mean chest 
symptom scores during the challenge ranged from 0 in 
three subjects to 2.3 (mean, 0.9). The maximum fall in 
FEVI correlated with the mean chest symptoms (R~ = 
0.74, p = 0.004); however, the fall in FEV 1 was not 
related to nasal symptoms during the EAC (R S = 0.12, 
p -- 0.70). Asthmatic responses after EAC were highly 
correlated with nonspecific bronchial reactivity (R s = 
0.-0.85, p < 0.0002) (Fig. 1). Changes in FEV 1 after 
EAC were not significantly correlated with tests of 
IgE-mediated sensitivity as shown in Table IlI. Fel d 1 
level in the room varied between the individual chal- 
lenges from 289 to 9349 ng/m 3 (geometric mean, 938 
ng/m 3) and correlated significantly only with nasal symp- 
toms (Rs = 0.60, p = 0.03). 

Bronch ia l  i n h a l a t i o n  c h a l l e n g e s  w i t h  cat  e x t r a c t s  

To test the hypothesis that lower respiratory responses 
are quantitatively different among subjects with acute 
asthmatic responses after EAC, bronchial inhalation 
challenges were performed with cat allergen. In contrast 
to the EAC, this inhalation challenge bypasses the nose 
so that nasal filtration of allergen does not play a role in 
the ultimate deposition of allergen in the lower airway. 
The PD2o for cat allergen ranged from 2.2 to 120 BAU 
(median, 25 BAU), with five subjects not experiencing a 
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TABLE III. Correlation of challenge results and patient characteristics 

Intradermal RAST 
titration end response 

point with with cat Methacholine 
cat allergen allergen PD2o 

Fall in Chest Nasal 
FEV1 symptoms symptoms 

during during during 
EAC EAC EAC 

Cat allergen 
bronchoprovocation 

PD2o 

RAST response with cat allergen -0.55* 
Methacholine PD20 0.27 -0.74t 
Fall in FEV 1 during EAC -0.01 0.51 
Chest symptoms during EAC -0.46 0.66* 
Nasal symptoms during EAC -0.53 0.22 
Allergen bronchoprovocation PD2o 0.23 -0.53 
EAC airborne allergen concentration -0.37 0.33 
Nasal challenge secretion weight at -0.68* 0.42 

5000 BAU 

-0.855 
-0.785 0.74t 
-0.14 0.12 0.23 

0.835 -0.855 -0.69t -0.25 
-0.37 0.52 0.51 0.60* 
-0.27 0.06 -0.12 0.67* 

-0.54 
-0.14 

*p < 0.05. 
tp < 0.01. 
.'~ < 0.001. 

20% fall in FEV1 at the highest concentration tested. 
Like the EAC asthmatic responses, the cumulative dose 
of allergen causing a 20% fall in FEV1 was highly 
correlated with methacholine challenges (Rs = 0.83,p = 
0.0004) but was not correlated with RAST responses 
with cat allergen (R s = -0.53, p = 0.06), intradermal 
end-point titration results with cat allergen (Rs = 0.23, 
p = 0.45), or the number of positive screening skin prick 
test results (Rs = 0.23, p = 0.45). As shown in Fig. 2, 
when the cat allergen PD2o responses are compared with 
asthmatic responses during EAC (reflected by the max- 
imum fall in FEVa), subjects responded almost identi- 
cally (Rs = -0 .85 ,p  < 0.0002). By inspection, it appears 
that the lower airway responses to both challenges can 
be categorized as asthmatic (>15% fall in FEV1 during 
EAC and PD2o <60 BAU) or nonasthmatic. 

Challenges of nasal mucosa w i t h  cat allergen 

As a control for airway responses to allergen expo- 
sure, we performed quantitative nasal allergen provoca- 
tion tests by using allergen-soaked disks. Nasal lavage 
reduced mean baseline secretion weight from 6.7 mg to 
2.6 mg and symptom scores from 1 to 0.5. The postlavage 
values were subsequently subtracted from challenge 
values for each individual. The secretion weights 
(mean + SEM) at 0 (diluent), 50, 500, and 5000 BAU/ml 
were: 3.2 + 1.1 mg, 4.2 _+ 1.7 mg, 7.4 _+ 2.8 mg, and 
16.7 _+ 4.4 mg, respectively. Symptom scores at each 
dose were: 0.6 + 0.2, 0.7 _+ 0.2, 2.1 _+ 0.5, and 3.1 _+ 0.7, 
respectively. There was a significant dose-response rela- 
tionship in nasal responses to allergen among the sub- 
jects as a group both in the amount of secretion elicited 
(p < 0.05) and in the extent of symptoms provoked (p < 
0.01) during this challenge (Fig. 3). There were no 
significant correlations between the nasal provocation 
test responses and RAST results, but there was a 
significant correlation of intradermal skin titration with 
cat allergen and secretion weight at 500 BAU/ml (Rs = 
-0 .68 ,p  = 0.02) and at 5000 BAU/ml (Rs = -0 .68 ,p  = 
0.01) and with symptom scores at these two doses (R~ = 
-0 .59 ,p  = 0.04 and R s = -0 .56 ,p  = 0.04, respectively). 

Nasal symptom scores during EAC correlated with the 
symptom scores elicited by each of the three incremental 
doses of allergen applied to the nasal mucosa (R s = 0.65 
to 0.78, p < 0.02) and with the amount of secretion 
elicited at the highest concentration of allergen used for 
provocation, 5000 BAU/ml (R s = 0.67, p = 0.01). In 
contrast to the correlations between this nasal mucosal 
challenge and nasal responses in the EAC, there were no 
correlations between the nasal challenge and the lower 
airway responses elicited during EAC or with bronchial 
provocation to allergen. 

To further delineate the determinants of lower airway 
responses to allergen, the seven subjects who manifested 
an asthmatic phenotype (defined by EAC resulting in 
greater than 15% fall in FEV1 and PD2o less than 60 
BAU) were compared with the remaining six subjects 
who experienced only nasal responses. As shown in 
Table IV, the groups manifested significant differences 
in fall in FEV 1 during EAC (p = 0.0001), EAC chest 
symptom scores (p = 0.019), bronchial allergen chal- 
lenge PD2o (p = 0.0001), and methacholine PD2o (p = 
0.01). However, they did not differ in cat allergen- 
specific RAST responses, intradermal skin titration with 
cat allergen, the number of positive screening prick test 
results, nasal responses to allergen challenge, allergen 
levels in the EAC, or demographic variables, including 
cat ownership. 

DISCUSSION 

The finding that acute asthma could be demonstrated 
only in a subgroup of individuals allergic to cats after 
environmental challenge was not surprising because it 
reproduced our earlier experience with challenges of 
unselected volunteers allergic to rats 8 or cats. 9 However, 
these results differ from those of other investigators who 
compared allergen and methacholine or histamine chal- 
lenges in persons with a history of allergic rhinitis or 
asthma. Several studies compared patients with pollen 
allergy and rhinitis with and without a history of asthma 
in the pollen season and found that these groups had 
responses to inhalation challenge with pollen extract 
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FIG. 2. The maximal percent fall in FEV1 during EAC to cats was 
highly correlated inversely (Rs - -0.85, p < 0.0002) with the cat 
allergen bronchial inhalation challenge among the 13 subjects 
with cat allergy. The PD2o values for five subjects with values 
greater than 120 BAU were plotted as 120 BAU. 

that were identical or almost identical. 2-6 In studying 
another group of allergic patients with asthma. Cockroft 
et al. 18 found that the response to allergen inhalation 
could be predicted by a combination of allergen sensi- 
tivity judged by skin test results and bronchial hyperre- 
sponsiveness. Muller et al. 5 recently compared a group 
of allergic patients who were responsive to methacholine 
challenge but who reported no symptoms of asthma with 
a group of allergic patients with asthma and found that 
their response to allergen inhalation challenge was 
identical. We propose that the differences between all 
of these studies and our own relate to the fact that the 
environmental challenge allowed a more accurate 
definition of clinical asthma and rhinitis than did 
patient recall, even after a careful clinical history was 
obtained. 

There were a number of methodologic differences 
between previous studies and our own. which may 
account for the discrepancies in the results. For example, 
the subjects studied by Stevens and Vermeire 6 were 
evaluated with allergen bronchoprovocation only if the 
history of allergic asthma was unclear, thereby selecting 
for less allergic subjects among those tested: and com- 
parisons by Muller et al. 5 were made with subjects who 
were more similar in their methacholine sensitivity, 
among those with a history of asthma or rhinitis, than 
were those in our group. Another difference is the type 
of allergen studied, because these previous studies used 
grass pollen. 6 dust mites, 5,6 ragweed. 2-s and several 
other allergens. 5 but not primarily cat allergen. Most 
importantly, however, many of these studies defined 
asthma by clinical history but did not attempt to follow 
up patients through the season of their natural exposure 
to the allergen in question. 2-4' 6 B y  EAC to cats, we were 

20 

O ~D 
o9 

E 
O 

o9 

.C: 

t -  .o_ 
r 
(D 
o9 
o9 
E 

!5- 

10- 

5- 

= Secretion weight / 

i i i i 

0 50 500 5000 

Provocation dose (BAU/ml) 

FIG, 3. Diluent and three concentrations of cat allergen were 
applied to the nasal mucosa of the 13 subjects. Mean secretion 
weight and symptom score increased in a dose-response relation- 
ship, with p < 0.05 and p < 0.01, respectively (Kruskal-Wallis 
analysis of variance). 

able to emulate natural exposure to the allergen, which 
leads to a more precise definition of the clinical reactiv- 
ity of our group of subjects. In fact, despite a history of 
asthma in all 13 subjects in our study, only seven 
demonstrated a lower airway response during the EAC. 

We have chosen to study cat allergen in an environ- 
mental challenge because this is a clinically important, 
well-characterized airborne allergen, which has a parti- 
cle size spectrum that ensures that the entire respiratory 
tract will be exposed to allergenic particles during the 
environmental challenge. In measurements in the cat 
challenge room, we have reported that from 15% to 20% 
of cat allergen is carried on particles that are less than 10 
~m in diameterl~ others have reported that as much as 
50% of airborne cat allergen is associated with particles 
of this size. 19 From 10% to 20% of particles of this size 
can be expected to pass through the nose and be 
deposited on the lower respiratory mucosa, whereas at 
least 50% should be deposited in the nose. Fifty to 
eighty-five percent of airborne cat allergen is carried on 
particles larger than 10 ~m, almost all of which should 
be deposited in the nose. 2~ 

Despite this potentially broad exposure of the respi- 
ratory tract to allergenic particles, our results show 
distinct individual responses to this exposure, with a 
we!l-defined subgroup of subjects manifesting a lower 
respiratory tract response. We have considered two 
explanations for this observation. First, because particles 
containing cat allergen must pass through the nose 
before being deposited in the lower respiratory tract, it is 
possible that allergen clearance in the nose (nasal scrub- 
bing) is deficient in persons with an asthmatic response 
to the environmental challenge. Second, it is possible 
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TABLE IV. Compar ison of  groups responding with asthma or  rhinit is a lone 

Asthmatic Nonasthmatic 
subjects subjects 
( n = 7 l *  (n=  6) p Value 

Bronchial responses 
EAC fall in FEV1 (%)t 39.4 (18-57) 8.3 (6-13) 0.0001 
EAC chest symptom score 1.4 +_ 0.2 0.4 _+ 0.3 0.019 
Methacholine PD2o [BU)? 4.6 (1.5-37) 56.1 (12->100) 0.001 
Allergen PDz0 (BAU)t 9.5 (2.2-25) 107.0 (62.2- >120) 0.0001 

Allergen sensitivity 
RAST response with cat allergen (PRU)t 3.5 (0.1-54.4) 1.0 (0.1-18.2) 0.26 
Intradermal titration with cat allergen (BAU/ml)t 0.6 (.03-50) 10.7 (.03-50) 0.94 
Screening prick tests (no. positive) 5.3 _+ 0.7 6.0 _+ 0.9 0.54 

Nasal responses 
EAC nasal symptoms 1.4 _+ 0.2 1.3 -4- 0.2 0.91 
50 BAU/ml challenge 

Weight of secretions (mg) 0.7 _+ 0.2 7.8 _+ 2.9 0.06 
Symptom score 0.5 _+ 0.3 0.8 _+ 0.3 0.48 

500 BAU/m! challenge 
Weight of secretions (rag) 6.3 _+ 2.9 8.8 _+ 5.4 0.72 
Sympto m score 1.7 +- 0.6 2.5 _+ 0.9 0.47 

5000 BAU/ml 
Weight of secretions (mg) 14.9 _+ 5.9 18.9 _+ 7.2 0.67 
Symptom score 2.7 _+ 0.8 3.5 + 1.1 0.58 

Cat allergen (Fel d 1) level during EAC (ng/m3)t 1406 (346-9349) 585 (289-2967) 0.15 
Demographics 

Age (yr) 29 _+ 2 31 -4- 4 0.57 
Baseline FEV 1 (%) 89 -4- 4 94 _+ 3 0.33 
Cat ownership 3 2 0.59 

Except as indicated, results are expressed as arithmetic means -+ SE. 
*Subjects were considered asthmatic if the fall in FEVa during EAC was greater than 15% and if the allergen bronchoprovocation PD20 value was less 

than 60 BALI. 
"~Results are expressed as geometric means (range). 

that the upper and lower airway mucosal responsiveness 
differs among sensitized individuals. 

Our earlier experiments showed that the asthmatic 
response is not exaggerated when the nose is occluded 
during the EAC 2~ and suggested that nasal scrubbing 
was not an essential determinant of lower airway re- 
sponses. In this study, we again bypassed nasal scrubbing 
with an allergen inhalation challenge delivered through 
a mouthpiece and found that the relative sensitivity to 
cat allergen in this inhalation challenge was highly 
correlated with the occurrence of asthma during the 
environmental challenge. Thus the two experiments are 
consistent in their exclusion of nasal allergen particle 
scrubbing as an important determinant of the acute 
asthmatic response to naturally occurrmg allergenic 
particles. 

These experiments support the idea that the lower 
respiratory tract response to allergen exposure is 
quantitatively different in persons who have acute 
asthma as compared with those who have rhinitis only. 
Our results would seem to confirm those of Cockroft 
el al. 18 who showed that nonspecific bronchial hyper- 
responsiveness was a principal determinant of acute 
asthma in allergen bronchoprovocation challenges. 
Our volunteers differed considerably in their nonspe- 
cific responsiveness to methacholine, and these differ- 

ences correlated closely with their lower airway re- 
sponses to both the environmental challenge and the 
allergen bronchoprovocation response. However, 
nonspecific bronchial hyperresponsiveness has been 
shown by others to be associated with more intense 
bronchial inflammation as judged by numbers of mast 
cells and eosinophils 22, 23 and concentrations of hista- 
mine 24 and other mast cell products 23,25-27 in bron- 
choalveolar lavage fluid. In addition, the release of 
mast cell mediators 26,27 and eosinophil products 25 
during the immediate inflammatory response to seg- 
mental allergen challenge has been shown to be 
significantly greater in allergic patients with a history 
of asthma and an abnormal response to methacholine 
or histamine inhalation challenge when compared 
with patients who have rhinitis only, Thus it would 
appear that increased n0nspecific bronchial hyperre- 
sponsiveness is inextricably associated not only with 
increased numbers of mucosal inflammatory cells in 
allergic asthma but also with an exaggerated response 
by these cells to allergen exposure. The relative 
importance of increased mediator release and nonspe- 
cific bronchial hyperresponsiveness to acute asthma 
cannot be determined from the presently available 
data. 

This study also compared nasal allergen challenges 
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w i t h  n a s a l  r e s p o n s e s  d u r i n g  t h e  e n v i r o n m e n t a l  cha l -  

l e n g e  a n d  a f t e r  b r o n c h i a l  a l l e r g e n  c h a l l e n g e s .  W e  

i n c l u d e d  t h i s  c o m p a r i s o n  b e c a u s e  it w a s  p o s s i b l e  t h a t  

u p p e r  a n d  lower  r e s p i r a t o r y  t r a c t  r e s p o n s e s  w e r e  

q u a n t i t a t i v e l y  d i f f e r e n t  in p e r s o n s  w i t h  a s t h m a ,  a n d  we  

w e r e  a w a r e  o f  n o  d a t a  t h a t  c o m p a r e d  u p p e r  a n d  l o w e r  

a i r w a y  r e s p o n s e s  to  a l l e r g e n  c h a l l e n g e .  E v e n  t he  

r e c e n t  d e m o n s t r a t i o n  by  S v e n s s o n  et  al. 28 t h a t  

t r yp t a se ,  a 2 - m a c r o g l o b u l i n ,  a n d  a l b u m i n  i n c r e a s e  m 

a i rway  l a v a g e  f lu ids  a f t e r  b o t h  u p p e r  a n d  l o w e r  r e s p i -  

r a t o r y  t r a c t  a l l e r g e n  c h a l l e n g e s  d i d  n o t  i n c l u d e  a 

c o m p a r i s o n  o f  c h a l l e n g e  r e s u l t s  in  t h e  t wo  s i tes .  W e  

f o u n d  t h a t  n a s a l  a l l e r g e n  c h a l l e n g e  r e s p o n s e s  w e r e  

h i g h l y  c o r r e l a t e d  w i t h  n a s a l  s y m p t o m  s c o r e s  d u r i n g  

t h e  e n v i r o n m e n t a l  c h a l l e n g e  b u t  t h a t  t h e r e  w a s  n o  

c o r r e l a t i o n  wi th  d i f f e r e n c e s  in  l o w e r  r e s p i r a t o r y  t rac t  

r e s p o n s e s  in p a t i e n t s  wi th  a s t h m a  a n d  n o n a s t h m a t i c  

s u b j e c t s .  T h u s  t h e  n a s a l  a l l e r g e n  c h a l l e n g e  r e s u l t s  

d e m o n s t r a t e  t h a t  t h e  i n c r e a s e d  a l l e r g e n  r e s p o n s i v e -  

n e s s  a f t e r  E A C  a n d  a l l e r g e n  b r o n c h o p r o v o c a t i o n  

c h a l l e n g e  is l i m i t e d  to  t h e  lower  a i rway .  

W e  c o n c l u d e  f r o m  t h e s e  s t u d i e s  t h a t  a l l e r g e n  r e s p o n -  

s iveness  in t he  u p p e r  a n d  lower  r e sp i r a t o ry  t rac t  differs  

in p e r s o n s  wi th  a l lergic  rh in i t i s  a n d  a s t h m a .  In  p e r s o n s  

wi th  a l lergic  rhini t is ,  t h e  lower  r e s p i r a t o r y  t rac t  is re la-  

t ively u n r e s p o n s i v e  to  a l l e r g e n  e x p o s u r e  a n d  to n o n a l -  

lergic s t imul i .  I n  p e r s o n s  w h o  e x p e r i e n c e  a l lergic  a s t h m a  

o n  e x p o s u r e  to  n a t u r a l  e n v i r o n m e n t a l  a l l e r g e n  par t i c les .  

t he  r e s p o n s e  to  n e b u l i z e d  a l l e r g e n  a e r o s o l s  is a c c e n t u -  

a t e d  a n d  c o r r e l a t e s  c lose ly  wi th  t h e  a b n o r m a l  r e s p o n -  

s i venes s  to  n o n i m m u n o l o g i c  s t imul i .  

REFERENCES 

1. Platts-Mills TAE. Mechanisms of bronchial reactivity: rite role of 
immunoglobulin E. Am Rev Respir Dis 1992;145:$44-7. 

2. Fish JE, Ankin MG Keliy JF, Peterman VI. Comparison of re- 
sponses to pollen extract in subjects with allergic asthma and 
non-asthmatic subjects with allergic rhinitis. J Allergy Clin Immunol 
1980;65:154 61. 

3. Bruce CA, Rosenthal RR, Lichtenstein LM, Norman PS. Quantita- 
tive inhalation bronchial challenge in ragweed hayfever patients: a 
comparison with ragweed-allergic asthmatics. J Allergy Clin Immu- 
nol 1975;56:331-7. 

4. Permutt S, Rosentha! RR, Norman PS, Menkes HA. Bronchial 
challenge in ragweed sensitive patients. In: Lichtenstein LM, Austen 
KF, editors. Asthma: physiology; immuno-pharmacology and treat- 
ment. Second International Symposium. New York: Academic Press, 
1977:265-77. 

5. Muller BA, Leick CA, Smith RM, Sueizer MT, Richerson HB. 
Comparison of specific and nonspecific bmnchoprovocation in sub- 
jects with asthma, rhinitis, and healthy subjects. J Allergy Clin 
Immunol 1993;91:758-72. 

6. Stevens W J, Vermeire PA. Bronchial responsiveness to histamine 
and allergen in patients with asthma, rhinitis, cough. Eur J Respir 
Dis 1980;61:203-12. 

7. Townley RG, Dennis M, ltkin IH. Comparative action of acetyl- 
beta-methylcholine, histamine, mid pollen antigens in subjects with 
hay fever and patients with bronchial asthma. J Allergy 1965;36:121- 
137. 

8. Eggleston PA, Ansari AA, Adkinson NF Jr, Wood RA. Environ- 
mental challenge studies in laboratory animal allergy: effect of 
different airborne allergen concentrations. Am J Respir Crit Care 
Meal !995;151:640-6. 

9. Wood RA, Jones LT, Eggleston PA. Determinants of acute and late 

phase Pulmonary responses to cat exposure [abstractl. Am Rev 
Respir Dis 1992;145:A692. 

10. Wood RA, Laheri AN, Eggleston PA. The aerodynamic character- 
istics of cat allergen. Clin Exp Allergy 1993;23:542-7. 

11. Stuart BO. Deposition and clearance of inhaled particles. Environ 
Health Perspect 1984;55~369-90. 

12. Turkeltaub PL, Rastogi SC, Baer H, Anderson MC, Norman PS. A 
standardized quantitative skin test assay of allergen potency and 
stability: studies on the allergen dose-response curve and effect of 
wheal, erythema, and patient selection on assay results. J Allergy 
Clin Immunol 1982;70:343-7. 

i3. Van Metre TE, Marsh DG, Adkinson NF, Fish JE, Kagey-Sobotka 
A, Norman PS, et al. Dose of cat (Felis domesticus) allergen 1 (Fel 
d 1) that induces asthma. J Allergy Clin Immunol 1986;78:62-75. 

14. Chapman MD, Aalberse RC, Brown MJ, Platts-Mills TAE. Mono- 
clonal antibodies to the major feline allergen Fel d I I I .  Single step 
affinity purification of Fel d 1, N-terminal sequence analysis, and 
development of a two-site immunoassay to assess Fel d I exposure. 
J Immunol 1988;140:812-8. 

15. Chai H, Farr RS, Froechlich LA, Mathison DA, McLean JA, 
Rosenthal RR, et al. Standardization of bronchial inhalation chal- 
lenge procedures. J Allergy Clin Immunol 1975;56:323-7. 

16. Baroody FM, Ford S, Lichtenstein LM, Kagey-Sogotka A, Naclerio 
RM. Physiologic responses and histamine release after nasal antigen 
challenge: effect of atropine. Am J Respir Crit Care Med 1994;149: 
1457-65. 

17. Baroody FM, Wageman M, Naclerio RM. Comparison of the 
secretory response of the nasal mucosa to methacholine and hista- 
mine. J Appl Physiol 1993;74:2661-71. 

18. Cockroft DW, Murdock KY, Kiicby J, Hargreave F. Prediction of 
airway responsiveness to allergen from skin sensitivity to allergen 
and airway responsiveness to histamine. Am Rev Respir Dis 1987; 
135:264-7. 

19. Luczynska CM, Li Y, Chapman MD, Platts-Mills TAE. Airborne 
concentrations and particle size distribution of allergen derived from 
domestic cats (Felis domesticus). Measurements using cascade im- 
pactor, liquid impinger, and a two-site monoclonal antibody assay for 
Fel d I. Am Rev Respir Dis 1990;141:361-7. 

20. Clarke SW, Yeates D. Deposition and clearance. In: Murray JF, 
Nadel JA, editors. Textbook of respiratory medicine. Philadelphia: 
Saunders, 1994:345-69. 

21. Wood RA, Eggleston PA. The effects of intranasal steroids on nasal 
and pulmonary responses to cat exposure. Am J Respir Crit Care 
Med 1995;151:315-20. 

22. Kirby JG, Hargreave FE, Gleich G J, O'Byrne PM. Bronchoalveolar 
cell profiles of asthmatic and nonasthmatic subjects. Am Rev Respir 
Dis 1987;i36:379-83. 

23. Wardlaw A J, Dunnette S, G!eich GJ, Collins JV, Kay AB. Eosino- 
phils and mast cells in bronehoa!veolar lavage in subjects with mild 
asthma: relationship to bronchial hyperreactivity. Am Rev Respir 
Dis 1988;137:62-9. 

24. Casale TB, wood D, Richerson HB, Trapp S, Metzger WJ, Zavala 
D, et al. Elevated bronchoalveolar lavage fluid histamine levels in 
allergic asthmatics are associated with methacholine hyperrespon- 
siveness. J Clin Invest 1987;79:1197-1203. 

25. Lain S, AI-Majed S, Chan H, Tse K, LeRiche JC, Chan-Yeung M. 
Differences in mediator release between allergic rhinitis and asthma. 
J Allergy Clin Immunol 1991;87:842-9. 

26. Wenzel SE, Fowler AA, Schwartz LB. Activation of pulmonary mast 
cells by bronchoalveolar allergen challenge: in vivo release of 
histamine and tryptase in atopic subjects with and without asthma. 
Am Rev Respir Dis 1988;137:1002-8. 

27. Wenzel SE, Westcott JY, Smith HR, Larsen GL. Spectrum of 
prostanoid release after bronchoalveolar allergen challenge in atopic 
asthmatics and control groups: an alteration in ratio of bronchocon- 
strictive to bronchoprotective mediators. Am Rev Respir Dis 1989; 
139:450-7. 

28. Svensson C, Grdnneberg R, Andersson M, Alkner U, Alldersson O, 
Billing B, et al. Allergen challenge-induced entry of ~2-macroglob- 
ulin and tryptase into human nasal and bronchial airways. J Allergy 
Clin Immunol 1995;96:239-46. 


