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Abstract

Background: Nasal allergen challenge (NAC) could be a means to assess indication and/or
an outcome of allergen-specific therapies, particularly for perennial allergens. NACs are not
commonly conducted in children with asthma and cockroach NACs are not well established.
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This study’s objective was to identify a range of German cockroach extract doses that induce
nasal symptoms and to assess the safety of cockroach NAC in children with asthma.

Methods: Ten adults (18-37 years) followed by 25 children (8-14 years) with well-controlled,
persistent asthma and cockroach sensitization underwent NAC with diluent followed by up to

8 escalating doses of cockroach extract (0.00381 —11.9 mcg/mL Bla g 7). NAC outcome was
determined by Total Nasal Symptom Score (TNSS) and/or sneeze score. Cockroach allergen-
induced T cell activation and IL-5 production were measured in peripheral blood mononuclear
cells.

Results: 67% (6/9) of adults and 68% (17/25) of children had a positive NAC at a median
response dose of 0.120 mcg/mL [IQR 0.0380-0.379 mcg/mL] of B/a g 1. Additionally, three
children responded to diluent alone, and did not receive any cockroach extract. Overall, 32%
(11/34) were positive with sneezes alone, 15% (5/34) with TNSS alone, and 21% (7/34) with
both criteria. At baseline, NAC responders had higher cockroach-specific IgE (p=0.03), lower
cockroach-specific 1gG/IgE ratios (children, p=0.002), and increased cockroach-specific IL-5-
producing T lymphocytes (p=0.045). The NAC was well tolerated.

Conclusion: We report the methodology of NAC development for children with persistent
asthma and cockroach sensitization. This NAC could be considered a tool to confirm clinically
relevant sensitization and to assess responses in therapeutic studies.

Keywords
nasal allergen challenge; children; asthma; inner-city; cockroach allergy; allergic rhinitis

INTRODUCTION

Confirming clinical allergy to a perennial allergen or the efficacy of immunotherapy can be
difficult because exposure varies greatly, no clear seasonality of exposure exists, and other
allergens can confound the relationship between exposure and clinical manifestations. Nasal
allergen challenge (NAC), an established test in the research setting, may offer an objective
assessment of nasal airway allergen responsiveness.}:2 NAC can also be used to evaluate the
pathophysiology of allergic reactions in a readily accessible part of the respiratory tract.1-2

Cockroach sensitization and exposure have been established as a leading risk factor for
morbidity in children with asthma living in low-income, US urban communities, and many
other parts of the world.3-8 Environmental approaches, eradication and avoidance, have been
the focus for ameliorating the effects of cockroach exposure. However, these approaches
may be unrealistic in the environment of a lower socioeconomic urban population.? Allergen
immunotherapy with German cockroach extract is a potential alternative for treating
cockroach allergy.

Three studies examining NAC with cockroach allergen have been reported, but did not
provide clear data on measures of responsiveness, information on standardization of the
procedure, or adequate safety and dosing information in children with asthma.10-12 we
conducted a study first in adults, then children, to develop a cockroach NAC protocol and
assess its safety in children with asthma. Additionally, we conducted an initial evaluation
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of the T-cell epitope repertoire against cockroach allergens and we tested for NAC-induced
changes in T cell responsiveness to cockroach in order to lay the groundwork for the
evaluation of immunologic changes seen with this type of NAC.

Study Design

The Cockroach Nasal Allergen Challenge (CoNAC) study was a multi-center, open label
study to determine the feasibility and safety of German cockroach NAC in cockroach
sensitive adults (Stage 1, n=10) and children ages 8-14 (Stage 2, n=25) with persistent, well-
controlled asthma (history of doctor-diagnosed asthma = 1 year, daily inhaled corticosteroid
equivalent to 100-500 mcg of fluticasone, FEV = 80% predicted, Asthma Control Test
score = 20), and German cockroach sensitization (skin prick test wheal (SPT) = 3mm and
cockroach-specific IgE =0.35 kU a/L). The data from Stage 1 were used to identify a dose
range that was safe and elicited a clinical response determined by a Total Nasal Symptom
Score (TNSS) = 8 or a sneezing score of 3. The sneezing score threshold was implemented
after 6 adult subjects completed the NAC to improve sensitivity of the responder criteria.13
Based on Stage 1 results, the TNSS threshold for NAC response in Stage 2 was lowered

to 6 to limit the severity of the reaction, shorten the study procedure, and decrease overall
participant study burden; the sneezing score threshold was unchanged.

The protocol was reviewed for ethical compliance by a central institutional review board.
Written informed consent was obtained from Stage 1 participants and Stage 2 participants’
legal guardians. Stage 2 participants provided verbal (ages 8-11) or written (ages 12-14)
assent.

Study Assessments

During the NAC, diluent control and up to 8 escalating intranasal doses (0.00381-11.9
mcg/mL Bla g 1) of German cockroach extract were administered as a nasal spray with

a nasal drug delivery system (LMA/Teleflex, San Diego, CA), which delivers 0.1 mL per
spray. For each dose, one spray was delivered in each nostril at the end of inspiration. Nasal
symptoms, PEF, and peak nasal inspiratory flow (PNIF) were assessed at the beginning of
the NAC and 10 minutes after each dose. The TNSS score was determined by tallying the
results of four symptom categories, -- sneezing, runny nose, stuffy nose, and itchy nose;

the participant graded each symptom on a scale of 0 to 3 (Appendix 1). 14 The sneeze

score noted was derived from the total number of sneezes (Appendix 1). Participants could
not undergo a NAC if their baseline TNSS was >3 or an individual symptom score was

>1. Antihistamines, anticholinergic agents, cromolyn, systemic glucocorticosteroids, nasal
decongestants, and nasal steroids were withheld prior undergoing to the NAC (Appendix 2).
Blood was drawn before the NAC, 6-10 days post-NAC, and 30 days post-NAC. In a subset,
additional blood was obtained 24—72 hours post-NAC. Dust from the participant’s bedroom
was collected and analyzed by ELISA for concentration of Bla g 1, 2 and 5.15

Adverse events were graded according to the National Cancer Institue (NCI) Common
Terminology Criteria for Adverse Events (CTCAE) Version 4.03 (published June 14,
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2010).16 For local adverse events related to the NAC and to skin prick testing, for reduction
in lung function (PEF), and for anaphylaxis study specific grading scales were utilized
(Appendix 3).

German cockroach extract, peptide synthesis and T cell in vitro culture expansion

German cockroach extract was obtained from Greer (cat#XPB46D3A4, Lenoir, NC). For /n
vitro studies, German cockroach allergen-derived peptides were synthesized by A & A (San
Diego, CA) as crude material on a 1-mg scale. Peptides were re-suspended in DMSO, and
equal amounts of each peptide were pooled. T cell /n vitro expansions were performed as
previously described.1” See Appendix 4 for details.

T cell response and antigen presenting cell activation assays

ELISPOT assays, T cell activation as measured by flow cytometry, as well as activation
status and frequency of circulating antigen presenting cells were determined as previously
described (see Appendix 4).17-19

Statistical methods

The probability of positive NAC response at each dose was estimated as the cumulative
proportion of participants meeting at least one response threshold. Participants were
assumed to have a NAC response for all doses beyond the dose at which threshold

criteria were met. Exact 95% confidence intervals were estimated using the Clopper-Pearson
method. SPT for cockroach and other allergens, cockroach-specific immunoglobulins, I1L-5-
producing T lymphocytes, and T cell activation were summarized by geometric mean and
were compared between responders and non-responders with a Mann-Whitney U Test. IL-5-
producing T lymphocytes and T cell activation before, 1 week after, and 1 month post-NAC
were compared between responders and non-responders with a Wilcoxon test. Dust allergen
levels were summarized as being below or above the lower limit of detection (yes/no) and
compared between responders and non-responders with a Fisher’s exact test. Activation and
mobilization of antigen-presenting cells were compared pre- and post-NAC with a Wilcoxon
matched-pairs signed rank test. Monocyte frequency and T cell activation were correlated
separately pre- and post-NAC.

RESULTS

Clinical Findings
The 10 adult participants had a median age of 22.5 years (range 18.0-37.0) and were
predominantly female (70%); the 25 pediatric participants had a median age of 12.0 years
(range 8.0-14.0) and were predominantly male (64%) (Table 1). Most of the participants
were Black (adult 100%; pediatric 72%). The median baseline TNSS was 0 for adults and 1

for children. Baseline characteristics, including asthma medication use, are shown in Table
1.

Sixty-seven percent of adults had a positive NAC based on meeting the TNSS threshold or
sneeze score (Appendix 5; Appendix 6). The median response dose in the adult portion of
the trial was 0.120 mcg/mL [IQR 0.0380-0.379] Bla g 1 (Appendix 5).

Pediatr Allergy Immunol. Author manuscript; available in PMC 2022 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Spergel et al.

Page 5

Eighty percent (20/25) of the children responded to the NAC, including 28% (7/25) based
on sneeze count alone, 28% (7/25) on TNSS alone, and 24% (6/25) meeting both criteria
(Figure 1; Appendix 5; Appendix 7). Three children responded to the diluent on TNSS alone
and did not receive any of the cockroach allergenic extract. The median response dose in

the pediatric portion of the trial was the same as in adults (Figure 1; Appendix 5). None

of the Stage 1 and Stage 2 participants with a negative NAC had a TNSS higher than a 4
(Appendix 6 and 7).

In general, the PNIF results tended to reflect the symptoms experienced by the participant in
both the adult and pediatric participants (Appendix 6 and 7).

Overall there were twelve adverse events related to the NAC; eleven were grade 1. Headache
was most frequently reported with an incidence of 20% in adults and 8% in children (Table
2). One adult had a PEF decline of 20.5% from baseline during the NAC that resolved
without treatment after the challenge was stopped (Appendix 6, participant 9). There were
no reports of asthma symptoms worsening during the NAC or 24-hours post-NAC.

There was one serious adverse event (SAE) (Table 2). The SAE was a reactivation of
infranasal Herpes Simplex Virus in an adult that occurred three days post-NAC, which
resolved without sequelae. There were no instances of anaphylaxis related to the NAC in the
study.

In Vitro Parameters

NAC responders (to a cockroach-containing dose) had significantly higher levels of
cockroach-specific IgE (median 7.0 KU/L vs. 1.2 kU/L; p=0.03) and lower cockroach-
specific 1IgG/IgE ratios (0.5 vs. 5.7; p=0.002) compared to non-responders (Figure

2). Cockroach SPT, specific-1gG, and house dust cockroach allergen levels were not
significantly different between responders and nonresponders, although SPT tended to be
larger in responders (p=0.06) (Figure 2; Appendix 8). When comparing other allergen
sensitizations, SPT to cat (p=0.008), dog (p<0.001) and Alternaria (p=0.056) were smaller in
responders (Appendix 9).

NAC-positive participants had significantly more IL-5 producing cells than NAC-negative
participants (Figure 3A). However, there were no significant differences in overall activated
T cells between groups (Figure 3B). Cockroach-specific 1L-5 production and T cell
activation were assessed both one week and one month post-NAC and showed no consistent
pattern of CR-specific T cell response modulation at either time point (Appendix 10).

Monocytes, plasmacytoid dendritic cells (pDCs) and basophils were identified by flow
cytometry in blood acquired pre- and 48 hours post-NAC in a subset of participants

(n=6). Significant increases in surface FceRla expression (monocytes and basophils), cell
frequency (monocytes and pDCs), and expression of surface MHC-Class 1l (HLA-DR;
monocytes and pDCs) were observed post-NAC. CD14 expression was also increased on
monocytes post-NAC. These findings were also observed in samples from two participants
who reacted to challenge with the diluent alone (uncolored symbols in Appendix 11).
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A significant correlation was observed between antigen-specific ex vivo T cell activation
and monocyte frequency both pre- and post-NAC (R2= 0.67, p=0.04; R?= 0.8, p=0.015,
respectively) (Appendix 12). No correlations were observed for IL-5 production (data not
shown).
DISCUSSION

This study assessed whether NAC with German cockroach extract can induce nasal
responses in adults and children with cockroach sensitization and well-controlled, persistent
asthma, to identify the dosing range and to assess the safety of this procedure. The reason
for involving children was because cockroach sensitization has been strongly associated with
asthma in this age group. Furthermore, establishing the cockroach NAC in children was a
pre-requisite for us to proceed with a clinical trial where we would test the effectiveness

of cockroach allergen immunotherapy (https://clinicaltrials.gov/ct2/show/NCT03541187?
term=cockroach&recrs=ab&cond=Asthma+in+Children&cntry=US&draw=2&rank=1) in
this population. 3: 20

As with some other perennial allergens, it is difficult for cockroach-allergic patients to link
symptoms to exposure and consequently the clinical significance of allergic sentitization
demonstrated by the presence of serum specific IgE or positive skin prick testing is not
clear. With acute delivery of allergen to the nasal passages, induction of symptomatology
may be a stronger indicator that an individual is allergic and a candidate for allergen-specific
immunotherapy. Also, reduction in the NAC response may be a good clinical outcome
surrogate, but this requires investigation.

We designed this study to identify a narrow range of doses, refine the threshold definition,
and assess safety in adults before engaging children. The NAC reached a threshold of nasal
symptoms in 76% (26/34) of participants; 9% (3/34) responded to the administration of
diluent alone, leaving 68% (23/34) who responded to cockroach extract. Additionally, 26%
(9/34) did not respond to the challenge suggesting that, in the case of German cockroach,
allergic sensitization alone may not be reliable enough for the selection of individuals who
should participate in an allergen immunotherapy study. NAC responsiveness did not differ
between adults and children, but only children had diluent responses possibly reflecting

a higher degree of nonspecific nasal reactivity or increased sensitivity to the relatively
unpleasant aspects of the challenge.

In both adults and children, the PNIF results tended to be concordant with the direction
of the symptoms, but, in several instances, the reductions in PNIF were either too small
or absent when the symptomatic responses were clear (Appendix 6 and 7). In addition,
we encountered technical difficulties conducting PNIF in the pediatric population leading
to increased burden and longer time periods to complete a NAC, indicating that the pros
and cons of adding PNIF as part of a NAC in a pediatric population should be carefully
considered.

Data from the adults did not help reduce the number of allergen doses, but they did allow
us to adjust the threshold TNSS score from 8 to 6 to reduce the burden of the procedure in
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children and to include sneezing as another indicator of positive response.2! Although recent
NAC studies use the TNSS as the primary outcome of the challenge,22 23 it became obvious
in adults that several participants responded to the NAC primarily with sneezing and little

or no other symptoms. A threshold based on sneezing alone has been used previously, when
NAC was used to elucidate the mechanisms of allergic rhinitis.13 In our study, the NAC
response based on sneezing score threshold was similar in adult and pediatric participants.

Overall, no participants with a negative NAC had a TNSS higher than a 4. In both

study stages, individuals with negative NAC, would either have a flat dose-response or
would experience mild symptom elevation which would flatten thereafter showing no dose-
response (Appendix 6 and 7). Given this pattern, we do not believe that false negative
results were observed. Additionally, while three participants (two adults and one child) had
a maximum TNSS of 5 after receiving all 8 doses, these three participants met the criteria
for a positive response based on the sneeze score, highlighting the importance of adding
this cut-off for a positive NAC as the sneezing score converted the NAC to “positive” and
prevented false negative results (Appendix 6 and 7).

Despite the large body of evidence supporting the safety of NAC, safety was of utmost
consideration in this study. One SAE related to the NAC occurred in the adult group

with a participant experiencing an infranasal reactivation of herpes simplex virus (HSV).
Because of the unusual presentation and the originally unknown nature of the reaction, this
participant was hospitalized as a precaution, which led to the characterization of the event
as a SAE. The study clinicians felt the impetus for the reactivation may have been nasal
discharge and manipulation of the nasal and infranasal area as there was no theoretical
reason for the cockroach extract to have triggered the reactivation of HSV. PCR testing of
the allergen extract used for the NAC was negative for HSV. Future studies may wish to
consider HSV as an exclusion criterion for NAC.

The most common adverse event was mild headache. Concerns that the NAC could trigger
bronchospasm in participants with persistent asthma were largely unrealized. No asthma
symptoms related to the NAC were reported during the NAC or within 24-hours post-NAC.
This supports the general experience with other allergens that NAC is low risk in children
and specifically in children with asthma,24-28 although caution is still advised. In particular,
NAC in adults or children with severe or uncontrolled asthma has not been tested.

NAC responders had significantly elevated indicators of allergen-specific immunity.
Although it is important to emphasize that the NAC response can not be reliably predicted
with these parameters, the elevated cockroach sIgE, and the low sIgG/sIgE ratio in the
pediatric participants support the relationship between a strong systemic, allergen-specific
immunologic process and the airway response to allergens and are consistent with prior
studies demonstrating that asthma in children is associated with low allergen-specific
IgG/IgE ratios to cat and dust mite.29: 30

Similarly, T cell IL-5 production in response to a cockroach allergen-derived peptide pool
measured at baseline after /n vitro culture was significantly higher in responders compared
to non-responders. However, cockroach allergen-induced ex vivo T cell activation pre-NAC
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was not predictive of NAC response, suggesting that an /7 vitro culture step coupled with
measurement of functional T cells may be a better indicator of clinical reactivity compared
to direct ex vivo antigen-specific T cell activation.

No changes were detected in cockroach-specific T cell responses between pre-NAC and

7 or 30 days post-NAC. It is possible that the effects of a local allergen provocation on
circulating lymphocytes are too small to detect, or the kinetics of changes did not match the
timepoints we chose.

The activation and mobilization of pDCs, monocytes and basophils observed post-NAC,
although not specific to NAC responders, indicates a link between environmental airway
mucosal stimuli and systemic innate immune responses. This is consistent with results of
previous studies, where both allergen challenge and administration of intranasal live viral
vaccines have been shown to similarly activate systemic innate immune responses. 3% 32-
However, activation and mobilization of monocytes and pDCs was observed in two
participants who reacted to challenge with the diluent alone, suggesting these changes may
not be allergen-specific, but could be induced by mucosal irritation or some other stimulus
associated with the NAC.

There are two limitations of this pilot trial. First, we did not test non-cockroach sensitized
individuals. We reasoned that, provocation of cockroach non-allergic controls may only be
necessary if every cockroach sensitive participant was to have a positive response to the
NAC. However, 8 adults and children did not show any evidence of reactivity after receiving
all 8 consecutive doses of the cockroach allergen (Appendices 6 and 7). Additional support
for our decision not to challenge cockroach non-allergic controls comes from the fact that
we found a significant relationship between cockroach-specific IgE and NAC responsiveness
suggesting that IgE sensitization to cockroach allergen played an important role in defining
the NAC response and that the NAC response was not secondary to non-specific reactivity.

Second, while the dosing range was based on only one allergen, B/a g 1, cockroach extracts
are not standardized and their content in other allergens, together with the study participants’
pattern of specific cockroach allergen sensitization, may play a role in determining /n vivo
responsiveness.33 Although matching the sensitization pattern of a study participant with

the allergen content of the provocation extract will be very difficult, knowledge of these
parameters may help better predict NAC responsiveness in future studies.

In conclusion, we established a NAC model utilizing German cockroach extract that can be
safely performed in children with well-controlled, persistent asthma. We have shown that not
all sensitized individuals respond to the NAC and, although NAC responders appear to have
higher sensitization based on IgE and skin prick testing, these evaluations are not adequate
to identify who will develop nasal symptoms upon exposure. Next steps should be to test
whether German cockroach NAC may serve as a tool in selecting appropriate candidates for
and assessing responses to allergen-specific immunotherapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Message:

Nasal allergen challenge with German cockroach extract is feasible and safe in children
with well-controlled, persistent asthma.
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Figure 1 —. Pediatric Response to Nasal Allergen Challenge with German Cockroach Extract.
Error bars represent 95% confidence limits.
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Figure 2 —. German CR Skin Prick Test Wheal, CR-specific IgE, and Pediatric CR-specific 1gG
and 1gG/IgE in NAC-positive versus NAC-negative Participants.

Bars show the geometric mean with 95% CI.
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Figure 3 —. German Cockroach-Specific IL-5 (A) and T Cell (B) Activation for Combined Adult
and Pediatric Populations.
Bars shown the geometric mean + 95% confidence intervals.
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Table 1
Demographics
Adult Pediatric
N=10 N=25
Site — n (%) Cincinnati 3(30) 6 (24)
Dallas 2 (20) 5 (20)
Denver 2 (20) 7(28)
New York 0 (0) 3(12)
Washington, DC 3(30) 4 (16)
Age in Years Mean (SD) 26.0 (7.5) 11.2(1.9)
Median (Min — Max) 225(18-37) 12(8-14)
Gender — n (%) Female 7 (70) 9 (36)
Male 3(30) 16 (64)
Ethnicity — n (%) Hispanic or Latino 0 (0) 6 (24)
Not Hispanic or Latino 10 (100) 19 (76)
Primary Race — n (%) Black 10 (100) 18 (72)
White 0(0) 6 (24)
Unknown 0 (0) 1(4)
Baseline Total Nasal Symptom Mean (SD) 0.43 (0.65) 1.04 (1.06)
Score Median (Min — Max) 00-2) 1(0-3)
Inhaled Corticosteroid Medication 100 mcg Fluticasone daily 0 (0) 1(4)
Equivalent- n (%) 200 mcg Fluticasone daily 1(10) 9 (36)
500 mcg Fluticasone daily 5 (50) 9 (36)
500 mcg Fluticasone daily + LABA 4 (40) 6 (24)
Allergic Rhinitis — n (%) Has History of Rhinitis 4 (40) 12 (48)
Has Ongoing Rhinitis 3(30) 9 (36)
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Adverse Events

Table 2

Number of Participants with at Least One Event

Most Frequent Adverse Event- Headache

Number of Adverse Events
Adverse Events Related to the Nasal Allergen Challenge

Serious Adverse Events Related to the Nasal Allergen Challenge

Adult  Pediatric

N=10 N=25
4(40%) 8 (32%)
2(20%) 2 (8%)

9 12
6(67%) 6 (50%)
1 0
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