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Responses to ragweed pollen in a pollen challenge chamber
versus seasonal exposure identifies allergic
rhinoconjunctivitis endotypes

Robert L. Jacobs, MD,a Nathan Harper, BS,b,c Weijing He, MD,b,c Charles P. Andrews, MD,a Cynthia G. Rather, CCRC,a

Daniel A. Ramirez, MD,a and Sunil K. Ahuja, MDb,c,d,e San Antonio, Tex
Background: The level of concordance between allergic
symptoms induced on exposure to pollen in a pollen challenge
chamber (PCC) versus the natural season is unknown.
Objective: We sought to test the hypothesis that the symptom
levels of allergic rhinoconjunctivitis elicited after out-of-season
exposure to short ragweed in a PCC and during the natural
season for giant ragweed pollen are highly correlated.
Methods: Thirty-one ragweed-sensitive participants recorded
symptoms for 15 days during the natural giant ragweed season
in San Antonio, Texas. Twenty-six of these participants were
challenged to short ragweed pollen in a PCC for 3 hours per day
for up to 4 days.
Results: In the PCC participants were dichotomized into those
in whom low versus high levels of symptoms developed slowly or
rapidly (ie, slow/low vs rapid/high). Each successive exposure
visit associated with a progressive increase in symptom levels
that approximated those experienced during the natural season.
Hierarchic clustering identified 3 endotypes: endotypes I and II
reflected concordantly low (n 5 7) versus high (n 5 14) total
symptom scores (TSSs) in both the natural season and the PCC,
respectively. Accordingly, the correlation between the TSSs
recorded in the natural season and in the PCC for these 21
participants was very high. Although participants with
endotype III (n5 5) had greater TSSs in the natural season than
in the PCC, the degree of correlation between the TSSs
remained high.
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Conclusions: Our findings affirm our hypothesis, underscore the
high cross-reactivity between distinct pollens, and highlight the
utility of the PCC to identify novel allergy endotypes that might
have contrasting mechanistic underpinnings and potentially
therapeutic responses. (J Allergy Clin Immunol 2012;nnn:nnn-
nnn.)
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Although seasonal allergy to pollen is a very common diath-
esis, more effective and durable therapies are needed. Confound-
ing environmental factors (eg, dust and mold spores) during the
natural allergy season can be hard to control and thus might
negatively affect the assessment of novel therapies. Environmen-
tal exposure chamber studies can offer the advantage of inducing
allergic rhinoconjunctivitis after exposure to pollen in the context
of a highly controlled environment.1-6 This strategy might poten-
tially mitigate uncontrolled confounding factors that are inherent
in phase III therapy trials conducted in sensitive subjects during
the natural allergy season (eg, variable exposure to pollen or a
short in-season period).6

However, there are 2 key knowledge gaps that need to be
bridged before this goal can be achieved. Foremost, the relative
contributions of pollen itself versus additional environmental
cofactors in triggering allergic rhinoconjunctivitis during the
natural allergy season are unknown.7,8 Additionally, it is unknown
whether participants in one geographic area exposed during the
natural season, primarily to different species of given plants,
will respond adequately to a single nondominant species being
used in environmental chamber studies in multiple geographic
sites. For example, in South Texas the dominant ragweed species
are giant ragweed (Ambrosia trifida) and false ragweed (Ambrosia
acanthicarpa).9 By contrast, short ragweed (Ambrosia artemisii-
folia), the most widespread plant of the genus Ambrosia in North
America, is present, as is western ragweed (Ambrosia psilota-
chya), although both are present at lesser levels of exposure.
For these reasons, herewe determinedwhether the extent towhich
allergic symptoms induced by an out-of-season challenge of short
ragweed in a pollen challenge chamber (PCC) correlated with
symptoms induced by giant ragweed pollen in the natural season.
The choice of comparing short versus giant ragweed pollen was
based on the study design. This was an important objective be-
cause a high degree of cross-reactivity would allow for testing
the efficacy of novel therapies against an allergen in a PCC in
which the pollen-induced allergy is geographically less prevalent
(eg, short ragweed in Texas).
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Abbreviations used
PCC: P
ollen challenge chamber
TNSS: T
otal nasal symptom score
TOSS: T
otal ocular symptom score
TSS: T
otal symptom score
METHODS

Study participants
The protocol, amendments, and informed consent documents were ap-

proved by the IntegReview Institutional Review Board (Austin, Tex). All

participants provided written informed consent, and the study was conducted

according to Good Clinical Practice standards. Thirty-one participants met the

inclusion/exclusion criteria outlined in Fig E1 in this article’s Online Repos-

itory at www.jacionline.org.
Study design
An overview of the study design is shown in Fig 1. The natural season phase

of the study was performed during the height of the natural ragweed season

(September 27, 2010, to October 11, 2010), and the PCC phase was 6 weeks

later, when no pollen was detected in San Antonio, Texas (Fig 1).
Natural seasonal exposure
Visit 1. This visit day was within the peak of the natural ragweed

allergy season (Fig 1). Medical/medication histories and results of physical

examinations (and urine pregnancy test for female participants) were ob-

tained. Participants were dispensed a medical events calendar to record

any changes in their health status and instructed on the use of participant

daily diaries and symptoms evaluation diaries. Symptoms were self-scored

on a Likert scale, with values of 0 (absent), 1 (mild), 2 (moderate) and 3 (se-

vere). Total nasal symptom scores (TNSSs) were based on nasal congestion,

sneezing, rhinorrhea, and itching. Total ocular symptom scores (TOSSs)

were based on redness, tearing, and itching. The total symptom score

(TSS) resulted from adding the scores of the 7 symptoms, yielding a mini-

mum score of 0 and a maximum score of 21.

Visit 2. Participants were evaluated at the end of the peak of the natural
season to determine eligibility to enter the PCC phase (Fig 1).

Visit 3 (pre-PCC visit). The following study-related items were

performed: medical events calendars were reviewed, and changes in

concomitant medications that might have occurred since the natural seasonal

exposure were recorded. Participants who continued to maintain inclusion/

exclusion criteria were provided symptoms evaluation diaries. Symptoms

were recorded twice (morning and evening) for the 4 days preceding the PCC

visit and once (morning) on the day of the first exposure visit (Fig 1). The

average of these prechallenge symptom scores was considered the baseline

value.
PCC visits
Four exposure (PCC)visitswereplanned. PCCvisit 1 occurredonNovember

29, 2010. Those who continued to meet the study criteria (n5 26, Fig 1) were

dispensed PCC diaries. Each participant was instructed to record TNSSs and

TOSSs at 30-minute intervals during the 3-hour exposure visits (Fig 1). All par-

ticipants underwent at least 2 exposure visits (Fig 1) and were free to withdraw

from the study on any account. During each exposure visit, 3 PCC physicians

(R.L.J, C.P.A, and D.A.R) were present. The study protocol had an a priori re-

quirement that if a participant reached a maximum score of 21 or experienced

side effects that were of concern, they would be released from the study. Defat-

ted short ragweed pollen (Greer Laboratories, Lenoir, NC) was delivered (3500

6 500 grains/m3) by a computer-controlled feeder, as described previously.10

Pollen levels were counted at 30-minute time intervals and at the end of the ex-

posure visit, as previously described.10
Statistical analysis
The Pearson correlation coefficient was used to determine correlations

among the individual components that comprise the TNSSs and TOSSs, as

well as between TOSSs and TNSSs. The effects of (1) increasing duration of

exposure time in the PCC and (2) each additional exposure visit on TSSs were

assessed by using linear generalized estimating equation models. The mean

TSS and the SD of the TSS for each subject within each environment (PCC or

natural season) were calculated to determine the maximum TSS in the natural

season and exposure visits. The maximum value that was within 2 SDs from

the mean TSS was considered the maximum PCC or natural season TSS and

abbreviated as PCC TSSmax and seasonal TSSmax, respectively.

To determine the correlation of allergic symptoms during the natural season

and those elicited after exposure to pollen in the PCC, it was assumed that the

ideal scenario would be complete correlation in symptoms, where the line of

best fit was as follows:

Seasonal TSSmax 5 0 1 1.00 3 PCC TSSmax (X 5 Y).

The residual from this ideal line was calculated, and the SD of these

residuals was then computed. A maximum TSS that was within 2 SDs from

this line was considered concordant, and the remainder were considered

discordant. Linear regression was used to examine the relationship between

PCC TSSmax and seasonal TSSmax. Unsupervised hierarchic clustering with

Euclidean distances and average linkage was performed to further examine

potential groupings of subjects based on the maximum TSS. Where applica-

ble, x2, Fisher, Mann-Whitney U, and paired t tests were used.
RESULTS

Natural season phase
Thirty-one participants completed the natural season phase of

the study (Fig 1). Seventeen and 13 were non-Hispanic and His-
panic white subjects, respectively, and 1 was African American.
The average age was 41 years (range, 18-65 years). During the
height of the natural season, the average pollen count was 774
grains/m3 (range, 290-1520 grains/m3). Twenty-six of the 31 par-
ticipants recorded TOSSs of 5 or greater (84%) and 26 partici-
pants recorded TNSSs of 7 or greater (84%) on 4 consecutive
days.

The mean symptom scores of the 31 participants were 4.4, 8.4,
and 11.8 for the TOSS, TNSS, and TSS, respectively. The scores
were consistent across the 15 days of recording (see Fig E2 in this
article’s Online Repository at www.jacionline.org). Although
TSSs did not correlate significantly with the same-day pollen
count (see Fig E2 and Table E1 in this article’s Online Repository
at www.jacionline.org), they correlated with the ambient pollen
count recorded 1 or 2 days before the day symptoms were re-
corded (see Table E1).
PCC phase
Of the 31 participants completing the natural season phase, 26

met the eligibility criteria for PCC studies (Fig 1). Of these 26 par-
ticipants, 10 were male, and 15, 10, and 1 were non-Hispanic
white, Hispanic white, and African American subjects, respec-
tively. The average age was 42 years (range, 22-62 years).

Pollen induced symptoms within 30 minutes of exposure (Fig
2, A-C). Fourteen participants completed all 4 exposure visits
(Fig 2, B), whereas 12 participants withdrew from the study be-
fore completing 4 visits, mostly because of rapid induction of
heightened symptoms (Fig 2, C). On the basis of their responses,
those completing all exposure visits versus those exiting the PCC
early were designated as slow/low responders (Fig 2, B) versus
rapid/high (Fig 2, C) responders, respectively. Rapid/high re-
sponders had a trend toward higher TSSs at baseline (ie, before

http://www.jacionline.org
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FIG 1. Study design and participants. Study visits and timings of symptoms were recorded by participants

in the natural season and in the PCC. The number of participants in each phase of the study is shown.

FIG 2. Average TSSs and trend lines in the PCC. Means 6 SDs of the TSSs

for all exposure visits recorded in all participants, regardless of the number

of PCC visits (A); those who completed all visits (slow/low responders; B),

and those not completing all visits (rapid/high responders; C). Baseline is

the average TSS from 4 days before and the morning of the first PCC visit.

P values for data in Fig 2, C, versus Fig 2, B are as follows: a, .197; b-g, <.001.
D-F, Changes in TSSs over time during the PCC visits were estimated by us-

ing linear generalized estimating equation modeling. D, Difference.
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challenge) and had significantly greater symptom levels at each of
the 6measurements made during an exposure visit compared with
slow/low responders (compare Fig 2,C, vs Fig 2, B). Slow/low re-
sponders manifested a progressive increase in TSSs during the
course of the exposure visit (Fig 2, B), whereas rapid/high re-
sponders exhibited a brisk increase in TSSs, reaching a plateau
by 90 minutes of exposure (Fig 2, C).

We next investigated, using generalized estimating equation
modeling, the nature of the response to pollen challengewith each
successive visit (Fig 2,D-F). In this analysis the slope of each line
reflects how fast participants responded, and the intercept of each
line reflects the average TSS at 30 minutes after pollen exposure.
In the overall study group the slope increased by 0.015 TSS/min
between days 1 and 4 (P5 .026), suggesting that each additional
day of exposure increases the rate at which symptoms were in-
duced (Fig 2, D). Study participants reach, on average, a TSS of
5.16 after 30 minutes of allergen challenge during the first-day
visit, and by day 4, the intercept increases by 1.78 (P 5 .005;
Fig 2,D). Among slow/low responders, the TSSs 30 minutes after
pollen exposure were comparable in each successive exposure
visit, and the rate of increase in TSS during each exposure visit
was fairly stereotypical on PCC days 1 to 3, whereas on day 4,
therewas an rapid increase in TSSs (Fig 2, E). By contrast, among
rapid/high responders there was a trend for the TSS 30 minutes
after pollen exposure to be higher on day 3 versus those on day
1, and the rate of increase in TSSs was progressively faster during
each successive exposure visit (Fig 2, F).
Comparison of PCC versus natural season phases
Similar to what was observed in the natural season, TOSSs and

TNSSs in the exposure visits contributed to one third and two
thirds, respectively, of the overall TSS (see Fig E3, A, in this arti-
cle’s Online Repository at www.jacionline.org). We categorized
participants who achieved a TNSS of 7 or greater or a TOSS of
5 or greater during the natural season or the exposure visits as sig-
nificant responders. The proportion of participants whowere clas-
sified as significant responders increased progressively with each
successive exposure visit (see Fig E3, B). With each successive
visit, those who were categorized as rapid/high responders had
symptom scores in the PCC that were comparable with those ex-
perienced during the peak of the natural season, whereas those
who were slow/low responders had symptom scores in the PCC
that were slightly lower than those experienced in the peak of
the natural season (see Fig E4 in this article’s Online Repository
at www.jacionline.org). A significant correlation between the di-
ameter of the skin test to ragweed and the TSS in the PCC or nat-
ural season was not observed (see Fig E5 in this article’s Online
Repository at www.jacionline.org).

There was a high degree of correlation among the individual
ocular and nasal symptoms recorded in the natural season and in
the PCC, as well as between the TNSS and the TOSS (Table I).
However, as a general rule, the correlations among individual
symptoms were lower after exposure to pollen in the PCC

http://www.jacionline.org
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TABLE I. Symptom correlation in the natural season versus the

PCC

Symptom comparison

Natural season

(n 5 31) PCC (n 5 26)

R P value R P value

TOSS components

Eye itch vs tears 0.83 <.0001 0.68 <.0001

Eye itch vs redness 0.81 <.0001 0.62 .0005

Tears vs redness 0.76 <.0001 0.55 .003

TNSS components

Congestion vs nasal itch 0.79 <.0001 0.71 <.0001

Congestion vs sneezing 0.52 .0057 0.28 .168

Congestion vs runny nose 0.88 <.0001 0.85 <.0001

Nasal itch vs sneezing 0.53 .0047 0.17 .41

Nasal itch vs runny nose 0.79 <.0001 0.61 .0007

Sneezing vs runny nose 0.54 .0038 0.39 .048

TSS components

TOSS vs TNSS 0.86 <.0001 0.52 .0057

Correlations were derived based on the maximum score recorded in each subject.

TABLE II. Correlation between natural season versus PCC visits

Variables R P value

TOSS components

Eye itch 0.49 .01

Tears 0.56 .003

Redness 0.54 .004

TNSS components

Congestion 0.58 .001

Sneezing 0.21 .298

Runny nose 0.17 .397

Nasal itch 0.63 .0004

TSS components

TOSS 0.57 .002

TNSS 0.56 .002

TSS 0.65 .0002

Correlations were derived based on the maximum score recorded in each subject

(n 5 26).
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compared with in the natural season, especially for the compari-
sons between congestion versus sneezing and nasal itch versus
sneezing (Table I). Comparison of the scores in the natural season
versus those in the PCC revealed that with the exception of sneez-
ing and runny nose, the correlations for the scores of the other
symptoms recorded during the natural season versus the PCC
were high (Table II). Concordantly, the correlations for the
TOSS, TNSS, and TSS between the natural season versus expo-
sure visits were 0.57, 0.56, and 0.65, respectively (Table II).

The abovementioned data point to the possibility that symptom
levels experienced during the natural season might be higher than
in the PCC. However, it was also conceivable that these results
might be skewed by a subset of participants who were more
responsive to pollen during the natural season than in the PCC. To
test this possibility, we compared the relationship between the
maximum TSS (TSSmax) recorded for each participant during the
PCC visits versus those recorded during the natural season. The
overall correlation between PCC TSSmax and seasonal TSSmax

was high (R 5 0.65, P < .001). The plot of PCC TSSmax versus
seasonal TSSmax revealed that those participants (letter and color
coded) clustered into 3 main groups (Fig 3): clusters I and II had
concordant responses because they were comprised of partici-
pants who had concordantly low (Fig 3, blue) versus high (Fig
3, green) TSSs, respectively, in both the PCC visits and the natural
season, and cluster III, with the exception of 1 participant, had dis-
cordant responses because it comprised subjects with low TSSs in
the PCC but high TSSs in the natural season (Fig 3, purple).

The slopes for the correlations between maximum TSSs in the
PCC and those in the natural season derived for participants with
concordant versus discordant responses did not significantly
differ from those of the ideal (perfect) match line (X 5 Y; Fig
3, A). In general, the 3 lines (ideal and those for the concordant
and discordant responders) were nearly parallel to each other, ex-
cept for the line for group III being shifted to the upper left (Fig 3,
A). This observation, together with the similar R2 values for the
concordant and discordant groups, indicates a high correlation be-
tween symptom scores recorded in the natural season and the PCC
visits, although the discordant group experienced higher symp-
tomatology in the natural season than during the pollen challenge
in the PCC (Fig 3, A). Notably, except for 1 study participant
(participant O), all the other participants who were categorized
as rapid/high responders (ie, who did not complete 4 exposure
visits) clustered to group II; most rapid/high responders also
had high symptom scores during the natural season (Fig 3).
Thus comparison of the symptoms elicited in the PCC versus
those elicited in the natural season identified 3 allergy endotypes
(Fig 3, B). Comparison of the baseline characteristics of partici-
pants who were categorized in these 3 endotypes indicated that
85.7%, 92.9%, and 80.0% of those of endotypes I, II, and III, re-
spectively, had a history of other seasonal allergic rhinitis (>0.1;
see Table E2 in this article’s Online Repository at www.
jacionline.org). A higher proportion of participants with endotype
II worked indoors and were non-Hispanic white subjects com-
pared with the other participants (see Table E2).

To evaluate the capacity of TSSs in the PCC to predict TSSs in
the natural season, we conducted logistic regression analyses
(see Table E3 in this article’s Online Repository at www.
jacionline.org). Although sex, race, age, and skin test results
for ragweed were not significant predictors, the maximum
PCC TSS was a strong predictor of the maximum TSS recorded
in the natural season (see Table E3). As noted, working indoors
associated with endotype II and hence also predicted a higher
TSS (data not shown).
DISCUSSION
In this study we demonstrated that ragweed-sensitive subjects

in South Texas, when exposed to short ragweed pollen in a
controlled environment (ie, a PCC), had allergic rhinoconjuncti-
vitis symptoms that mimicked those elicited by giant ragweed
during the natural season. These data suggest a high degree of
cross-sensitivity between these 2 allergens. There was also
significant correlation among individual symptom scores between
the natural season and exposure to pollen in the PCC, and on the
basis of the symptom levels elicited in the PCC versus the natural
season, we identified 3 clinical allergy endotypes. Most of our
studied participants were either Hispanic white subjects or non-
Hispanic white subjects, and we found that race, age, sex, or skin
test results to ragweed did not associate with symptom scores,
whereas the symptom scores elicited in the PCC were strong
determinants of the level of symptoms experienced during the
natural season. Consistent with previous studies,11-14 our study
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FIG 3. Correlation of seasonal TSSmax and PCC TSSmax and cluster analysis.A, Correlation of natural season

TSSmax and PCC TSSmax. Brown and purple regression lines represent subjects with concordant versus dis-

cordant (ie, PCC TSSmax < natural season TSSmax) symptoms between the natural season and the PCC, re-

spectively. The shaded band represents 6 2 SDs from the ideal line (Y 5 X). B, Cluster analysis based on

both seasonal TSSmax and PCC TSSmax. Participants were letter and color coded. Black letters indicate par-

ticipants with less than 4 PCC visits. Endotypes are noted by Roman numerals I, II, and III.
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confirmed that the rate of symptom development or maximal
symptom level achieved by participants exposed to ragweed pol-
len in the PCC or natural season was unrelated to the size of their
ragweed skin test response. Together, these results substantiate
the value of PCC studies for the identification of allergy endo-
types and evaluation of novel therapeutics.

Interestingly, in the PCC the correlations in symptom scores
between sneezing versus congestion, nasal itch, or rhinorrhea
were lower than the same correlations during the natural season.
We also observed that, in general, symptom scores were higher in
the natural season compared with those experienced in the PCC.
These differences in symptom scores could relate to the presence
of additional particulate material or allergens during the natural
season compared with the PCC. Thus, although speculative,
having higher particulate/allergen concentrations in the air could
cause more irritation of the nose and more sneezing in a similar
fashion as when dust is blown into a person’s face.

In the South Texas area there are 4 species of ragweed that
pollinate at levels sufficient to cause symptoms in sensitized
subjects.9 Giant ragweed and false ragweed are more abundant
than common (or short) ragweed, with western ragweed in the
mix in certain areas of the state. There is controversy concerning
the level of cross-reactivity between these various species. Bern-
stein et al15 and Leiferman et al16 reported a very strong cross-
reactivity using a RAST inhibition technique. However, Asero
et al17 suggested that cross-reactivity between short and giant rag-
weed is only approximately 50% when considering their re-
sponses to subcutaneous immunotherapy. Other environmental
chambers in North America have also used short ragweed pollen.
Berkowitz et al1 reported 48% of participants did not have suffi-
cient symptoms on 2 priming visits of 3 hours in duration. Studies
by Day et al18 and Patel et al4 reported nonpriming rates of 34%
and 26%, respectively. However, in agreement with Ellis et al,11

we found that all our participants had symptoms, with 65%
achieving priming levels, suggesting that cross-reactivity is
very strong between the ragweed species.

On the basis of the rate at which subjects had symptoms and the
degree of their symptoms in the PCC, ragweed-sensitive
participants were categorized broadly into 2 categories: rapid/
high versus slow/low responders. Successive exposure visits
associated with progressively greater symptom scores that ap-
proximated the scores recorded in the natural season, particularly
in rapid/high responders. These data suggested that multiple
priming visits might be needed to ‘‘awaken’’ fully allergic
responsiveness, particularly in the slow/low sensitive partici-
pants. However, because rapid/high responders might have ade-
quate symptoms with only 1 or 2 priming visits, this could obviate
the need for additional exposures.

Prior data show that 2 to 3 priming visits might be required to
obtain high levels of symptoms.4,11 However, these studies did not
correlate the findings obtained in the natural season versus those
obtained in the PCC. In our study comparative analyses of symp-
tomatology during the natural season versus the PCC identified 3
ragweed allergy endotypes: endotype I reflects slow/low re-
sponders in the PCC who also exhibited concordantly low symp-
tom scores in the natural season, endotype II reflects rapid/high
responders in the PCC who also manifested concordantly high
symptom scores in the natural season and PCC, and endotype
III reflects slow/low responders in the PCCwho had higher symp-
tom scores in the natural season than in the PCC. These endotypes
highlight the heterogeneity of the allergenic response to pollen
challenge in sensitive subjects.

Thus endotypes I and II represent the concordant phenotype and
were present in 81% of our study participants. The consistency of
low versus high symptom levels in both the PCC and the natural
season proffers the pathogenic possibility that ragweed-sensitive
subjects maintain stable high versus low ‘‘preprimed steady
states’’ in the off season. On priming in the natural season or the
PCC, sensitive subjects with endotypes I and II transition from
these preprimed steady states to a ‘‘primed or symptomatic steady
state,’’ having stably low versus high symptomatology, respec-
tively. Conceivably, novel and contrasting immunologic pathways
might underlie endotypes I and II. One possibility, although
speculative, is that rapid/high responders (endotype II) maintain
higher preprimed steady states because of genetically or epige-
netically mediated heightened inflammatory status that, on prim-
ing with allergen (pollen), promotes exaggerated immunologic
responses. Ongoing studies are addressing these mechanistic
possibilities because specific targeting of these endotypes might
point to novel personalized therapies.
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The third endotype we identified represents a discordant
phenotype. Possible contributors to the higher symptom scores
in the natural season than PCC could be that participants with
higher symptoms in the natural season might manifest reactivity
to pollens other than ragweed. Additionally, weather fronts,
changing temperatures, mold spores, pets, dust mites, and envi-
ronmental debris might also contribute to endotype III. Con-
versely, the absence of these factors in the PCC and the shorter
durations of exposure to allergen in the PCC relative to the natural
season might together explain why none of our study participants
had features consistent with the fourth endotype (ie, higher
symptomatology in the PCC compared with that in the natural
season). Identifying these cofactors that promote symptomatol-
ogy in the natural season compared with those observed in the
PCC might lead to the development of novel strategies for
mitigating symptoms.

The main strengths of the present study are its prospective
design because we determined allergic symptoms after exposure
to ragweed pollen in a controlled environmental setting and
compared them with symptoms elicited during the natural
ragweed season in the same set of sensitive participants, as well
as the focus on understanding the degree of cross-sensitivity to
contrasting pollen challenges in the natural season versus the
PCC. The lack of biological correlates of the described endotypes
represents the main limitation of the present study. Additionally,
psychological factors, for which we could not control, might alter
a participant’s perceptions of the intensity of symptoms.14

Recent studies in asthmatic patients have identified distinct
endotypes that have distinct pathogenic mechanisms and thera-
peutic implications (eg, upregulated IL-13 pathway in those with
steroid-resistant asthma).19,20 As a corollary, the distinct endo-
types we identified herein might have implications for under-
standing allergy pathogenesis and use of the PCC for evaluation
of therapeutics. For example, dose-response characteristics of
therapies directed against pollen/allergen-induced symptomatol-
ogy might differ among subjects with these distinct endopheno-
types. The strong cross-reactivity between giant and short
ragweed together with the high correlation of symptom levels
in the PCC and the natural season points to the applicability of us-
ing a single common allergen (eg, short ragweed) to conduct
phase III clinical trials in multiple PCCs that are geographically
dispersed.

We thank all the volunteers who participated in this study, Una Aluyen for

assistance with the figures, and the staff of the Biogenics Research Chamber

for their assistance with these studies.

Clinical implications: Symptoms of allergic rhinoconjunctivitis
elicited after exposure to ragweed in an environmental chamber
and during the ragweed season are largely concordant. Envi-
ronmental chambers have utility for evaluating therapies for
and mechanisms of rhinoconjunctivitis endotypes.
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FIG E1. Inclusion/exclusion criteria for the natural season and the PCC.
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FIG E2. Average symptom scores and pollen counts during the natural season. Shown is the mean TSS

(triangles), TNSS (squares), and TOSS (diamonds), as well as pollen counts (blue shading), in the 31 partic-

ipants who recorded symptoms for 15 days during the peak of the natural season. Symptomswere recorded

twice a day (morning [AM] and evening [PM]).
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FIG E3. Correlation among symptom scores between natural season versus PCC visits. A, Relative contri-

butions of TOSSs and TNSSs to the TSS. B, Proportion of significant responders by TOSS (score >_5) or

TNSS (score >_7).

J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

JACOBS ET AL 6.e3



FIG E4. Cumulative frequency of symptom scores for the first 4 days of the

peak of the natural season (A-C) and during chamber runs (D-F). Symptom

scores are color coded. We chose the TSSs from the first 4 days in the peak

natural season for comparisons. In Fig E4, F, the blue and red lines are

superimposed.
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FIG E5. Correlation between the maximum TSS in the chamber (A) and natural season (B)with the ragweed

skin test. Pearson correlation r values and trend lines were shown.
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TABLE E1. Association of average daily pollen count and TSS in

the natural season*

Time of pollen count Estimated TSS/pollen count P value

Same day 0.0006 .131

1 Day prior 0.0011 .003

2 Days prior 0.0010 .003

*Depicted are the associations of pollen counts on same day of, 1 day before, and 2

days before the average daily TSS recorded for a given day. Values were calculated by

using a generalized least-squares model with a compound symmetric correlation

structure.
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TABLE E2. Baseline characteristics of the participants with the 3 endotypes

Endotype P value

I II III I vs II I vs III II vs III

No. 7 14 5

Male sex,* no. (%) 3 (42.9) 6 (42.9) 1 (20.0) 1.000 .579 .603

Non-Hispanic white,*,§ no. (%) 1 (14.3) 12 (85.7) 2 (40.0) .003 .523 .084

Age,� mean 6 SD 41.4 6 12.6 43.5 6 7.2 39.1 6 10.8 .694 .743 .437

Ragweed skin test diameter (mm),� median (IQR) 8 (7-9) 7 (5-8) 6 (5-7) .322 .410 .886

Asthma history,* no. (%) 0 (0.0) 1 (7.1) 0 (0.0) 1.000 1.000 1.000

Perennial allergic rhinitis,*,k no. (%) 7 (100.0) 14 (100.0) 5 (100.0) 1.000 1.000 1.000

Other seasonal allergic rhinitis,*,{ no. (%) 6 (85.7) 13 (92.9) 4 (80.0) 1.000 1.000 .468

Indoor work environment,*,# no. (%) 1 (20.0) 11 (78.6) 3 (75.0) .034 .206 1.000

Other concurrent diseases,*,** no. (%) 4 (57.1) 11 (78.6) 2 (40.0) .354 1.000 .262

*The Fisher exact test was used to compare proportions between endotypes.

�The Student t test was used to compare mean values between endotypes.

�The Mann-Whitney U test was used to compare medians between endotypes.

§Participants categorized into non-Hispanic white versus the rest.

kParticipants categorized into those who do have perennial allergic rhinitis versus those who do not.

{Participants categorized into those who have other seasonal allergic rhinitis versus those who do not.

#Participants categorized into those whose work environment is primarily indoors versus those whose work environment includes the outdoors. Endotype I had 2 participants with

an unknown work environment, and endotype III had 1 participant with an unknown work environment. Those 3 participants were excluded from the analyses.

**Participants categorized into those who do have other diseases versus those who do not. Those diseases, including hypertension, migraine, obesity, and hyperlipidemia, are not

allergy related.
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TABLE E3. TSSs in the PCC predict TSSs in the natural season*

OR 95% CI P value

Sex (male vs female) 3.30 0.59-18.36 .185

Race (Hispanic vs white) 0.67 0.12-3.59 .641

Age 0.95 0.85-1.07 .416

Skin test 1.16 0.77-1.74 .489

TSShigh vs TSSlow unadjusted 12.38 1.69-90.58 .021

TSShigh vs TSSlow adjusted for sex 12.45 1.65-93.80 .022

*High and low TSSs were stratified by the median of the maximum TSS in the

chamber and the natural season. Logistic regression was conducted by using the

chamber TSS as a predictor and the natural season TSS as the outcome.
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