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What does this article add to our knowledge? Here we report the relative allergen content, microbial load, and stability
of these parameters in peanut flour used in oral immunotherapy. The article informs potential investigators of the
necessary steps and procedures required by the Food and Drug Administration to use peanut flour for oral immunotherapy
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OBJECTIVE: To quantify relative amounts of the major peanut
allergens and microbial load present in peanut flour used in OIT
trials and assess whether these parameters change over a 12-month
period. We also anticipate that this report will serve as a guide for
investigators seeking to conduct OIT trials under Food and Drug
Administration—approved Investigational New Drug applications.
METHODS: Densitometric scanning of Ara h 1 and Ara h 2
resolved on SDS-PAGE gels was used to assess allergen content in
peanut flour extracts. Microbial testing was conducted on peanut
flour under US Pharmacopeia guidelines for the presence of
Escherichia coli, salmonella, yeast, mold, and total aerobic bac-
teria. In addition, aflatoxin was quantified in peanut flour. Re-
ported results were obtained from 4 unique lots of peanut flour.
RESULTS: Relative amounts of the major peanut allergens were
similar between different lots of peanut flour and remained
stable over a 12-month period. E coli and salmonella were absent
from all lots of flour. Yeast, mold, total aerobic bacteria, and
aflatoxin were within established US Pharmacopeia guidelines
on all lots tested and remained within the criteria over a
12-month period.

CONCLUSIONS: Peanut flour used as a drug product contains
the major peanut allergens and has low levels of potentially harmful
microbes. Both these parameters remain stable over a 12-month
period. © 2017 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2017;5:1098-104)

Key words: Peanut allergy; Peanut oral immunotherapy,; Peanut
Sflour; Drug product; Stability testing;, Microbial testing; Ara h 1;
Ara h 2

Allergy immunotherapy has been practiced for more than 100
years and is the only disease-modifying treatment for allergic
disease.' In the United States, subcutaneous immunotherapy is
used to treat environmental allergies to various allergenic sources
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Abbreviations used
FDA- Food and Drug Administration
OIT- oral immunotherapy

including pollens, pet dander, and house dust mite to prevent
allergic rhinitis and asthma symptoms.” Subcutaneous immu-
notherapy is also effective for more severe allergic conditions such
as anaphylaxis to stinging insect venoms. Recently, the US Food
and Drug Administration (FDA) approved sublingual immu-
notherapy for grass and ragweed pollen allergies.” However, there
is still no FDA-approved immunotherapy for food allergy.

Patients allergic to foods are instructed to strictly avoid the
food they are allergic to and must be prepared to treat accidental
ingestions and reactions with emergency medication, including
epinephrine.”” Subcutaneous immunotherapy was studied as a
treatment for peanut allergy in the late 1980s, but this approach
was abandoned because of a high rate of severe reactions.”” In
the past decade, researchers began to administer food allergens by
the oral, sublingual, and epicutaneous routes in an attempt to
provide a safe and efficacious therapy (reviewed in Pesek and
Jones®). Evidence from several studies demonstrated that oral
immunotherapy (OIT) for peanut, egg, and milk allergy was
often well tolerated and highly effective in a large portion of
subjects.”'” OIT appears to modify the immune responses to a
greater extent than sublingual immunotherapy, leading to
desensitization in a higher proportion of subjects.'®'” OIT is
typically administered in 3 phases: initial escalation, build-up,
and maintenance. The initial escalation phase involves several
low doses of protein (micrograms to milligrams) given over the
course of a few hours. Then, subjects undergo the build-up phase
by increasing the dose amount approximately every 2 weeks.
After several months, subjects reach the maintenance dose (300-
4000 mg of protein depending on the study protocol) and ingest
it daily for many months or years.

As per FD&C Act (201(g)(1)), a drug is defined as any article
that is “intended for use in the diagnosis, cure, mitigation,
treatment, or prevention of disease in man or other animals.” or
“... a substance (other than food) intended to affect the structure
or any function of the body.” Used within the context of OIT
clinical trials, the peanut product is administered with the
intention of providing a treatment to peanut-allergic subjects by
modulating their immune response to the allergen and therefore
meets the definition of a drug. However, because peanut flour is
not an FDA-approved drug, as per 21 CFR 312.2(b), OIT trials
are not eligible for the Investigational New Drug exemption
status. To comply with the regulatory requirements of con-
ducting OIT clinical studies, an Investigational New Drug
application outlining the characteristics of the peanut flour as
well as a detailed description of the manufacturing process is
needed. Manufacturing of the peanut flour as an investigational
drug product occurs in a Good Manufacturing Practices—com-
pliant environment under Standard Operating Procedures de-
tailing the process. In addition, the stability of allergenic peanut
proteins and microbial growth must be documented.

Within this article, we present the tests that we have con-
ducted on the peanut flour used in clinical studies of the treat-
ment of peanut allergy in children and adults. Before subject
administration, the product was subjected to bioburden testing
where levels of aerobic/anaerobic bacteria, yeast, and mold were
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TABLE I. FDA requirements for orally delivered drugs
Nonaqueous Aqueous

Microbial assessment preparation preparation

Escherichia coli (in 1 g or 1 mL) Absent Absent
Total aerobic microbial count 10° 10
(cfu/g or cfu/mL)

Total combined yeasts/molds count 10 10
(cfu/g or cfu/mL)

Salmonella (in 1 g or 1 mL) Absent Absent

Aflatoxin in peanut products <15 ppb <15 ppb

assessed. Because of the specific nature of the peanut flour, the
product was also tested for E coli, salmonella, and aflatoxin.
Standardizing a drug product for OIT is of paramount impor-
tance so that subjects will receive equivalent amounts of allergens
even when switching between different lots of the product.
Therefore, appropriate testing has to be conducted before
releasing the product. Here, we report our findings related to
allergen content, bioburden, and stability of peanut flour used in
OIT clinical trials.

METHODS
Drug manufacturing process

The overall process of drug manufacturing occurs in several
stages: (1) bulk peanut flour is received; (2) the bulk flour is tested
for compliance with established US Pharmacopeia guidelines for the
presence of microbes (see Table I); (3) the bulk flour is examined for
the presence of Ara h 1 and 2 and their consistency in relative
quantity to a reference standard and the previous lot of peanut flour;
(4) finally, the peanut flour is used to manufacture drug product
doses. For the initial treatment under the OIT protocol (referred to
as the initial escalation phase), the doses of the peanut flour as an
investigational drug product are too low weight to be successfully
administered with reproducible accuracy as a flour product. There-
fore, a peanut liquid drug product is produced by extracting the flour
in PBS and used to administer very low doses of allergen in the range
0f 0.1 to 0.8 mg. The peanut extract is filter sterilized, prepared at a
concentration of 10 mg/mL, and stored frozen until use. The flour
itself is manufactured into drug product doses ranging from 1.5 to
4000 mg of peanut protein by weighing out doses on an analytical
balance into a vessel. The bulk flour and manufactured drug doses
are kept refrigerated to prevent microbial growth and preserve pro-
tein integrity; nevertheless, the possibility of protein degradation or
microbial growth exists and must be studied.

Peanut flour

Lightly roasted, partially defatted, 12% fat peanut flour was
purchased from Golden Peanut Company (Alpharetta, Ga) in 50-Ib
bags. Upon receipt, the product was broken down into smaller bags
(~10 Ib each) and kept refrigerated at 2°C to 8°C. Each lot comes
with a Certificate of Analysis provided by the Golden Peanut
Company, including results for physicochemical properties and
microbiological testing. Here, we report findings from 4 unique lots
purchased between July 2014 and January 2016.

Extraction of soluble peanut proteins from lightly
roasted peanut flour
Peanut flour was mixed with PBS at a 1:4 ratio (weight/volume).

The suspension was stirred for 1.5 hours while maintaining a con-
stant pH of 8.5 using 6 molar NaOH, then centrifuged at 30,000¢
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at 4°C for 45 minutes. The supernatant containing extracted pro-
teins was filtered through a 0.2-|lm membrane and a bicinchoninic
acid (Pierce, Rockford, IL) assay was conducted to determine the
protein concentration. Finally, the peanut extract was diluted to 10
mg/mL in PBS for SDS-PAGE analysis.

Preparation and storage of a reference standard

The reference standard was generated by extracting protein from
peanut flour and storing it frozen at —20°C. Soluble proteins
were extracted from the flour as above. The extract was diluted to
10 mg/mL and run on SDS-PAGE to verify the protein bands
corresponding to Ara h 1 and 2. The reference standard was split
into 500-uL aliquots and stored at —20°C.

SDS-PAGE and densitometric scanning to determine
Ara h 1 and Ara h 2 content

There are currently 17 peanut allergens, called Ara h 1-17,
recognized by the World Health Organization and the International
Union of Immunologic Societies (allergen.org). Previous biochem-
ical and immunologic studies have demonstrated the major allergens
of peanut to be Ara h 1 and Ara h 2 as determined by IgE binding
from more than 50% of allergic patients’ serum. > More recently,
Ara h 2—specific IgE levels have been shown to have diagnostic
importance, confirming Ara h 2 as an important allf:rgen.zo’21
Accordingly, we chose Ara h 1 and Ara h 2 as allergens to assess
for presence and stability in the peanut OIT drug product.
SDS-PAGE was conducted with 7.5 [ig peanut protein extract per
lane. An image of the gel was captured with a camera system and
densitometric scanning was performed on the image using Image]
software (National Institutes of Health). Duplicate samples were
averaged and percent difference in Ara h 1 and 2 from the
reference standard was calculated with the following equation: ((Test
Lot — Reference Standard)/Reference Standard) x 100%. Similarly
we calculated percent differences in Ara h 1 and 2 from lot-to-lot
comparing the current lot to the previous lot.

Bioburden testing of peanut flour

All microbial testing was conducted at Deibel Laboratories
(Lincolnwood, IlI) using United States Pharmacopeia guidelines for
defining the acceptance criteria applicable to preparation for a drug
used orally. A 150-g sample of peanut flour from each lot was
weighed in the Good Manufacturing Practices environment and
shipped for overnight delivery to Deibel Laboratories.

Stability testing of peanut flour

Peanut flour (150 g) was weighed into 4 separate containers for
the microbial testing and 25 g from the same lot of flour was
weighed for assessing Ara h 1 and 2. All containers were kept at 2°C
to 8°C. The 150-g samples were removed from the refrigerator at
approximately 0, 3, 8, and 12 months and shipped overnight to
Deibel Laboratories for microbial testing.

Major peanut allergen content was assessed at the University of
North Carolina. Twelve months after being placed in the refrigerator
at 2°C to 8°C, the 25-g sample of flour was extracted, protein
concentration determined by bicinchoninic acid assay, and then
diluted to 10 mg/mL to match the concentration of the reference
standard. Samples were run on SDS-PAGE gel and subjected to
densitometric scanning using Image]J software (National Institutes of

Health).
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FIGURE 1. Arah 1 and Ara h 2 are present in peanut extracts. A,
SDS-PAGE analysis of purified Ara h 1, purified Ara h 2, and a
crude peanut extract (CPE). Intact Ara h 1 monomers appear as a
band at approximately 62 kD. Ara h 2 doublets appear at
approximately 17 kD and approximately 19 kD. B, Western blot
analysis demonstrating human IgE binding to Arah 1 and Ara h 2
(lane 1, roasted peanut extract; lane 2, raw peanut extract).

RESULTS
Ara h 1 and Ara h 2 are present in lightly roasted
peanut flour

As part of the process for the acceptance of the raw material
(drug substance, ie, bulk peanut flour) our group performed
analysis of every peanut flour lot before being used for the
manufacturing of the drug product. Part of the assessment is
confirming the identity of the product. Our group and others
have demonstrated the presence of Ara h 1 and Ara h 2 in peanut
flour.”””’ The native proteins have been isolated and their genes
cloned.”* Figure 1 shows an SDS-PAGE gel with purified Ara h
1 and Ara h 2 (purified as in Bublin et al”) and an extract from
the raw peanut flour used to purify the allergens. A Western blot
demonstrating human IgE binding from an allergic patient for
both roasted (ie, the Golden Peanut flour used in OIT) and raw
peanut flours is also shown in Figure 1. Ara h 1 has a molecular
weight of approximately 62 kD and is quite abundant in the raw
peanut extract with slightly lower abundance in the roasted flour
extract. This is thought to be due to the roasting process
generating aggregated Ara h 1 via the Maillard reaction, which
makes the protein less soluble.”® Ara h 2 consists of 2 isoforms
present at approximately 17 kD and approximately 19 kD.”” As
with Ara h 1, Ara h 2 is readily found in both raw and roasted
peanut preparations and both bind IgE from peanut-allergic
patients. These data are important and demonstrate that Ara h
1 and 2 are present in the lightly roasted peanut flour used in

OIT.

Total protein and allergen content are consistent
between peanut flour lots

The Golden Peanut Company performs several tests to
characterize their peanut flour product before release to the
public. The tests include quantification of biochemical properties
and presence of microbes and they are documented on a
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TABLE Il. Characteristics of peanut flour from 4 consecutive lots
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E coli Salmonella Aerobics (cfu/g) Yeast (cfu/g) Mold (cfu/g) Aflatoxin (ppb)
Lot no. % Protein % Fat CoA UNC CoA UNC CoA UNC CoA UNC CoA UNC CoA UNC
1 50 11.38 Negative Negative Negative Negative 10 10 <10 <10 <10 <10 0.8 <2
2 49 12.09 Negative Negative Negative Negative <10 <10 <10 <10 <10 10 0.9 <2
3 49 1140 Negative Negative Negative Negative <10 <10 <10 <10 <10 <10 24 <2
4 51 11.16 Negative Negative Negative Negative 10 <10 <10 <10 <10 10 1.5 2.05

CoA, Certificate of Analysis; UNC, University of North Carolina.

Microbial testing results are shown from Golden Peanut Company’s testing (CoA) and for our testing (UNC) upon receipt.
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FIGURE 2. Representative example of SDS-PAGE and densitometric scanning for Ara h 1 and Ara h 2 present in peanut extracts. SDS-
PAGE gel is shown with gating for the individual allergens, along with histogram traces illustrating densities and a table showing final

density values.

Certificate of Analysis provided by the company. Table II pre-
sents results from biochemical testing performed by Golden
Peanut for percent protein via the Kjeldahl method (N x 5.1
method) and percent fat, along with microbial testing done by
Golden Peanut and by our contracted vendor, Deibel Labora-
tories. The data demonstrate that the overall protein content is
very consistent between lots, with a range of 49% to 51%. Even
though total protein content is consistent, it is possible that
specific allergens could vary between lots, which might lead to
unwanted variability of allergen exposure in subjects. To test this,
we performed extractions on each lot and compared these to both
a reference standard and to the previous lot. Figure 2 illustrates
an example of an SDS-PAGE gel with the Ara h 1 and 2 protein
bands gated for densitometric analysis. Densitometry is a semi-
quantitative approach that works well to compare relative
amounts of proteins present. Data for comparison of 4 lots to the
reference standard are presented in Table III. There is limited
variability of Ara h 2 between lots, with a range of 2.04% to
6.80%. Ara h 1 had a wider range of variability from 3.12% to
22.59%. Our acceptance criteria were set for 20% variability in
Ara h 2 and 30% variability in Ara h 1; thus, each lot passed our
qualification criteria based on the allergen content. Furthermore,
we see that lot-to-lot consistency is evident for both Ara h 1 and

2 when comparing each lot to the previous one (Table III). These
data indicate that Ara h 1 and 2 content is similar between lots
and within the ranges we predetermined to be acceptable to the
FDA.

Of note, we established the allowed allergen variability on the
basis of a study we conducted using 3 lots of peanut flour that
were already used for dosing research subjects with peanut OIT.
A retrospective chart review indicated no increase in adverse
allergic events related to dosing in any subject following a change
from one of these lots to another; the variability of Ara h 1 was
less than 30% when comparing the 3 lots and of Ara h 2 was less
than 20% when comparing the 3 lots. The coupling of clinical
trial data along with the laboratory data allowed us to establish
the acceptable levels of Ara h 1 and 2 variability.

Microbial and aflatoxin levels are within FDA limits
for an orally delivered drug

Microbes are known to exist in food products and their levels
must be limited such that consumption will not be harmful to
the consumer. Despite regulations, outbreaks of E coli and sal-
monella have made headlines in recent years and can cause severe
illness when present at high levels. Because peanut flour is being
used as an orally delivered drug product, we must monitor
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TABLE Ill. Comparisons of peanut flour lots to the reference
standard and to the previous lot

Lots compared with reference standard

Lot no. % Difference in Ara h 1 % Difference in Ara h 2
1 3.12% 2.04%
2 7.10% 2.24%
3 22.59% 6.80%
4 9.48% 2.48%

Lots compared with previous lot

Lots compared % Difference in Ara h 1 % Difference in Ara h 2

1to2 1.32% 2.31%
2t03 16.79% 4.73%
3to4 1.66% 2.39%

microbial levels, including E coli, salmonella, yeast, mold, and
total aerobic bacteria. In addition, peanut crops can be affected
by aflatoxins, so we quantify aflatoxin levels as suggested by the
FDA, even though it is not required per USP.

In the 4 lots of peanut flour reported here, microbial levels
were nearly identical when tested by Golden Peanut Company
and when tested by our contracted vendor, Deibel Laboratories
(Table II). E coli and salmonella were absent in all 4 peanut flour
lots. Yeast, mold, and total acrobics were all found to be 10 cfu/g
or less for each of the peanut lots. Importantly, the microbial
levels were all below the criteria established by the FDA for a
nonaqueous drug product being delivered by the oral route
(Table I). Aflatoxin levels were all less than 3 ppb, well below the
15 ppb suggested by the FDA. These data indicate that microbial
burden does not pose a serious risk in the roasted peanut flour
used to manufacture peanut OIT drug products.

Peanut flour is stable for at least 12 months when
stored refrigerated at 2°C to 8°C

The 2 main components for testing required by the FDA to
use peanut flour as a drug product are allergen content and
microbial presence. Because each lot is used to manufacture drug
product over a several-month period, we determined the stability
of the flour over 12 months. Samples (25 g) were kept refrig-
erated and brought out of the cold only to perform extractions to
determine allergen content or to be shipped for microbial testing
(150 g).

A reference standard was prepared by extracting proteins from
a lot purchased in July 2014 and then immediately frozen
at —20°C. A sample of peanut flour from the same lot was kept
refrigerated for 12 months and then was brought to room tem-
perature and an extraction was performed. The reference stan-
dard and 12-month extracts were run on SDS-PAGE gel and
densitometry of the Ara h 1 and 2 bands was performed.
Table IV shows that differences in Ara h 1 and 2 content were
very minimal after 12 months, with the Ara h 1 content varying
by less than 5% and the Ara h 2 content varying by less than 1%.
These data indicate that the major peanut allergens remain stable
in the peanut flour over a 12-month period when kept cold.

Stability of microorganisms was conducted by placing 4
samples of peanut flour in a refrigerator at 2°C to 8°C on the
same day (day 0). One was shipped immediately for the mi-
crobial testing. The others were removed from the cold and
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TABLE IV. Stability of the major peanut allergens, Arah 1 and Ara
h 2, in samples of peanut flour as compared with the reference
standard

A.

Arah 1 Reference standard density Density at 12 mo
Sample 1 67,580 64,807
Sample 2 67,184 64,231
Average 67,382 64,519

The percent difference after 12 months is —4.25%.
The acceptable limit of difference was defined as 30%.

B.

Arah 2 Reference standard density Density at 12 mo
Sample 1 65,445 67,250
Sample 2 70,998 68,427
Average 68,222 67,839

The percent difference after 12 months is —0.56%.
The acceptable limit of difference was defined as 20%.

shipped for testing at 3 months, 8 months, and 12 months.
Table V shows that over a 12-month period, all microbial levels,
as well as that of aflatoxin, remained within the acceptable range
required by the FDA (Table I). It is interesting to note that at 12
months, a small amount of mold growth was detected in the
peanut flour, although this level of 40 cfu/g was still below the
threshold of 100 cfu/g, which would disqualify the product for
use as a drug product. Taken together, these data indicate that
Ara h 1 and 2 levels remain constant in lightly roasted peanut
flour and little to no microbial growth occurs when kept at 2°C
to 8°C over a 12-month period.

DISCUSSION

OIT holds great promise as a treatment modality for food
allergies, including peanut allergy.”® OIT is administered in exact
quantities using an investigational drug product manufactured
from peanut flour. Peanut flour is a fairly crude drug product in
that it contains the active ingredients (ie, peanut allergens) along
with presumably inert ingredients including nonallergenic pro-
teins, carbohydrates, lipids, micronutrients, and so forth.
Therefore, the source material needs to be consistent from lot to
lot for overall protein content as well as allergen content. In
addition, peanut flour has the potential to allow for microbial
growth because it is not a sterile drug product. Both these factors
must be assessed before manufacturing the OIT drug product.

Arah 1 and Ara h 2 are major peanut allergens and we believe
that these 2 proteins are key active ingredients leading to
desensitization in peanut-allergic subjects. Indeed, we have
demonstrated immunologic effects directly against Ara h 1 and 2
after OIT."*”” Ara h 1— and Ara h 2—specific IgE levels
decreased during OIT, and IgGy4 to both allergens increased.
Furthermore, IgE and IgGy epitope specificity within Ara h 1
and 2 is altered with OIT.?? Therefore, it is critical that these
major allergens be present within peanut flour used in OIT.
Here, we demonstrated that Ara h 1 and 2 are present in all lots
of peanut flour that we have tested. Furthermore, the relative
quantities of Ara h 1 and 2 remained consistent from lot to lot
because all testing showed acceptable differences between lots,
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TABLE V. Microbial and aflatoxin test results over 12 mo

Test Acceptable limit Baseline (0 mo) 3 mo 8 mo 12 mo
Total aerobic plate count <1000 cfu/g <10 cfu/g <10 cfu/g 10 cfu/g 10 cfu/g
Yeast <100 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g
Mold <100 cfu/g <10 cfu/g <10 cfu/g 10 cfu/g 40 cfu/g
Escherichia coli Negative Negative Negative Negative Negative
Salmonella Negative Negative Negative Negative Negative
Aflatoxin <15 ppb Not done <2 ppb <2 ppb <2 ppb

limited to less than 25% for Ara h 1 and less than 10% for Ara h
2. These data provide key evidence that peanut flour is a viable
source of active ingredients used in OIT.

The absence of microbes in peanut flour is also critical to its
use in OIT. Microbial growth could make the flour harmful if
ingested, could alter the composition of protein allergens if mi-
crobes use these as a source of nutrients, and could alter the
body’s response to the allergens. During the production of the
peanut flour doses and before its use in OIT, we are required by
the FDA to test the product for the presence of specific microbes.
In this article, we reported the methods that have been used and
results that needed to be obtained to comply with the regulatory
requirement of providing the product for OIT clinical trials.
Therefore, we have shown that yeast, mold, and total aerobic
bacteria are within the USP guidelines for microbial limits.
Peanut crops can also be affected by aflatoxins produced by fungi
such as Aspergillus flavus and Aspergillus parasiticus. Accordingly,
we quantified levels of aflatoxin and these were found to be less
than 15 ppb in all lots tested, as required by the FDA. Therefore,
when prepared for use in OIT trials, microbial presence in the
lightly roasted peanut flour did not pose an issue for use as a drug
product.

Finally, the stability of any drug product must demonstrate
that under correct storage conditions the product will remain
stable in terms of active ingredients and bioburden. We tested
the stability of Ara h 1 and 2 and found only slight differences in
Ara h 1 and 2 levels compared with the reference standard,
indicating that these major peanut allergens remained stable in
the flour when refrigerated for 12 months. These differences
were well within range of our predefined acceptable levels of
variance for Ara h 1 (30%) and Ara h 2 (20%). In addition,
refrigerated samples from 3, 8, and 12 months were tested for
microbial growth. All the microbes tested, along with aflatoxin,
remained within range of the limits established by the FDA for
an oral nonaqueous drug product. These data allow us to
conclude that peanut flour is stable for at least 12 months when
stored at 2°C to 8°C. Therefore, we manufacture drug product
from the same lot for a maximum of only 12 months and any
doses that have been prepared are disposed of after the 12-month
expiration.

Allergen immunotherapy requires the presence of key allergens
to modify an existing IgE-mediated immune response.” The
peanut flour used in OIT is a crude source of peanut allergens
and was used as a starting point for OIT trials. It is a readily
available material and is relatively inexpensive, making it
attractive for drug development. More advanced approaches us-
ing modified, recombinantly produced allergens have shown
promise in aeroallergen immunotherapy.”’ However, similar
approaches for peanut using mutated allergens with IgE-binding

epitopes removed proved unsafe in an inital clinical trial when
administered rectally.”’ Other approaches using T-cell epitope
peptides are also being explored for cat and venom allergies”* and
may be applicable to peanut allergens with known T-cell epi-

topes.”** As a first-generation therapeutic approach, OIT is

relatively safe and highly effective for inducing desensitization.
The present report provides evidence that lightly roasted peanut
flour is a reliable candidate for the development of an OIT drug
product. Further studies are needed to examine whether OIT
with lightly roasted peanut flour is superior to other potential
forms of immunotherapy.

REFERENCES

1. Jutel M, Agache I, Bonini S, Burks AW, Calderon M, Canonica W, et al. Akdis,
International consensus on allergy immunotherapy. J Allergy Clin Immunol
2015;136:556-68.

2. Cox L, Nelson H, Lockey R, Calabria C, Chacko T, Finegold I, et al. Allergen
immunotherapy: a practice parameter third update. J Allergy Clin Immunol
2011;127:S1-55.

3. Li JT, Bernstein DI, Calderon MA, Casale TB, Cox L, Passalacqua G, et al.
Sublingual grass and ragweed immunotherapy: clinical considerations—a
PRACTALL consensus report. J Allergy Clin Immunol 2016;137:369-76.

4. Burks AW. Peanut allergy. Lancet 2008;371:1538-46.

5. Burks AW, Tang M, Sicherer S, Muraro A, Eigenmann PA, Ebisawa M, et al.
ICON: food allergy. J Allergy Clin Immunol 2012;129:906-20.

6. Oppenheimer JJ, Nelson HS, Bock SA, Christensen F, Leung DY. Treatment of
peanut allergy with rush immunotherapy. J Allergy Clin Immunol 1992;90:
256-62.

7. Nelson HS, Lahr J, Rule R, Bock A, Leung L. Treatment of anaphylactic
sensitivity to peanuts by immunotherapy with injections of aqueous peanut
extract. J Allergy Clin Immunol 1997;99:744-51.

8. Pesek RD, Jones SM. Current and emerging therapies for IgE-mediated food
allergy. Curr Allergy Asthma Rep 2016;16:28.

9. Varshney P, Jones SM, Scurlock AM, Perry TT, Kemper A, Steele P, et al.
A randomized controlled study of peanut oral immunotherapy: clinical desen-
sitization and modulation of the allergic response. J Allergy Clin Immunol 2011;
127:654-60.

10. Jones SM, Pons L, Roberts JL, Scurlock AM, Perry TT, Kulis M, et al. Clinical
efficacy and immune regulation with peanut oral immunotherapy. J Allergy Clin
Immunol 2009;124:292-300. 300.e291-7.

11. Skripak JM, Nash SD, Rowley H, Brereton NH, Oh S, Hamilton RG, et al.
A randomized, double-blind, placebo-controlled study of milk oral immu-
notherapy for cow’s milk allergy. J Allergy Clin Immunol 2008;122:
1154-60.

12. Anagnostou K, Clark A, King Y, Islam S, Deighton J, Ewan P. Efficacy and
safety of high-dose peanut oral immunotherapy with factors predicting outcome.
Clin Exp Allergy 2011:41:1273-81.

13. Burks AW, Jones SM, Wood RA, Fleischer DM, Sicherer SH, Lindblad RW,
et al. Oral immunotherapy for treatment of egg allergy in children. N Engl J
Med 2012;367:233-43.

14. Vickery BP, Scurlock AM, Kulis M, Steele PH, Kamilaris J, Berglund JP, et al.
Sustained unresponsiveness to peanut in subjects who have completed peanut
oral immunotherapy. J Allergy Clin Immunol 2014;133:468-75.

15. Anagnostou K, Islam S, King Y, Foley L, Pasea L, Bond B, et al. Assessing the
efficacy of oral immunotherapy for the desensitisation of peanut allergy in
children (STOP II): a phase 2 randomised controlled trial. Lancet 2014;383:
1297-304.


http://refhub.elsevier.com/S2213-2198(16)30671-7/sref1
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref1
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref1
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref2
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref2
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref2
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref3
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref3
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref3
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref4
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref5
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref5
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref6
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref6
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref6
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref7
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref7
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref7
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref8
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref8
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref9
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref9
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref9
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref9
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref10
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref10
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref10
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref11
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref11
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref11
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref11
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref12
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref12
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref12
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref13
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref13
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref13
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref14
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref14
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref14
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref15
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref15
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref15
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref15

1104

16.

17.

18.

19.

20.

21.

22.

23.

24.

BERGLUND ET AL

Chin SJ, Vickery BP, Kulis MD, Kim EH, Varshney P, Steele P, et al. Sub-
lingual versus oral immunotherapy for peanut-allergic children: a retrospective
comparison. J Allergy Clin Immunol 2013;132:476-478.e472.

Keet CA, Frischmeyer-Guerrerio PA, Thyagarajan A, Schroeder JT,
Hamilton RG, Boden S, et al. The safety and efficacy of sublingual and oral
immunotherapy for milk allergy. J Allergy Clin Immunol 2012;129:448-55.
455.e441-5.

Burks AW, Williams LW, Connaughton C, Cockrell G, O’Brien TJ, Helm RM.
Identification and characterization of a second major peanut allergen, Ara h II,
with use of the sera of patients with atopic dermatitis and positive peanut
challenge. J Allergy Clin Immunol 1992;90:962-9.

Burks AW, Williams LW, Helm RM, Connaughton C, Cockrell G, O’Brien T.
Identification of a major peanut allergen, Ara h I, in patients with atopic
dermatitis and positive peanut challenges. J Allergy Clin Immunol 1991;88:
172-9.

Dang TD, Tang M, Choo S, Licciardi PV, Koplin JJ, Martin PE, et al. Increasing
the accuracy of peanut allergy diagnosis by using Ara h 2. J Allergy Clin
Immunol 2012;129:1056-63.

Nicolaou N, Poorafshar M, Murray C, Simpson A, Winell H, Kerry G, et al.
Allergy or tolerance in children sensitized to peanut: prevalence and differen-
tiation using component-resolved diagnostics. J Allergy Clin Immunol 2010;
125:191-197.e1-13.

Shi X, Guo R, White BL, Yancey A, Sanders TH, Davis JP, et al. Allergenic
properties of enzymatically hydrolyzed peanut flour extracts. Int Arch Allergy
Immunol 2013;162:123-30.

Cabanillas B, Pedrosa MM, Rodriguez J, Muzquiz M, Maleki SJ, Cuadrado C,
et al. Influence of enzymatic hydrolysis on the allergenicity of roasted peanut
protein extract. Int Arch Allergy Immunol 2012;157:41-50.

King N, Helm R, Stanley JS, Vieths S, Luttkopf D, Hatahet L, et al. Allergenic
characteristics of a modified peanut allergen. Mol Nutr Food Res 2005:49:
963-71.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

J ALLERGY CLIN IMMUNOL PRACT
JULY/AUGUST 2017

Bublin M, Kostadinova M, Radauer C, Hafner C, Szepfalusi Z, Varga EM, et al.
IgE cross-reactivity between the major peanut allergen Ara h 2 and the
nonhomologous allergens Ara h 1 and Ara h 3. J Allergy Clin Immunol 2013;
132:118-24.

Schmitt DA, Nesbit JB, Hurlburt BK, Cheng H, Maleki SJ. Processing can alter
the properties of peanut extract preparations. J Agric Food Chem 2010;58:
1138-43.

Porterfield HS, Murray KS, Schlichting DG, Chen X, Hansen KC, Duncan MW,
et al. Effector activity of peanut allergens: a critical role for Arah 2, Arah 6, and
their variants. Clin Exp Allergy 2009;39:1099-108.

Nowak-Wegrzyn A, Sampson HA. Future therapies for food allergies. J Allergy
Clin Immunol 2011;127:558-73. quiz 574-5.

Vickery BP, Lin J, Kulis M, Fu Z, Steele PH, Jones SM, et al. Peanut oral
immunotherapy modifies IgE and IgG4 responses to major peanut allergens.
J Allergy Clin Immunol 2013;131:128-134.e121-3.

Valenta R, Campana R, Focke-Tejkl M, Niederberger V. Vaccine development
for allergen-specific immunotherapy based on recombinant allergens and syn-
thetic allergen peptides: lessons from the past and novel mechanisms of action
for the future. J Allergy Clin Immunol 2016;137:351-7.

Wood RA, Sicherer SH, Burks AW, Grishin A, Henning AK, Lindblad R, et al.
A phase 1 study of heat/phenol-killed, E. coli-encapsulated, recombinant
modified peanut proteins Ara h 1, Ara h 2, and Ara h 3 (EMP-123) for the
treatment of peanut allergy. Allergy 2013;68:803-8.

Larche M. T cell epitope-based allergy vaccines. Curr Top Microbiol Immunol
2011;352:107-19.

Ramesh M, Yuenyongviwat A, Konstantinou GN, Lieberman J, Pascal M,
Masilamani M, et al. Peanut T-cell epitope discovery: Ara h 1. J Allergy Clin
Immunol 2016;137:1764-1771.e4.

Prickett SR, Voskamp AL, Phan T, Dacumos-Hill A, Mannering SI,
Rolland JM, et al. Arah 1 CD4+ T cell epitope-based peptides: candidates for a
peanut allergy therapeutic. Clin Exp Allergy 2013;43:684-97.


http://refhub.elsevier.com/S2213-2198(16)30671-7/sref16
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref16
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref16
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref17
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref17
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref17
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref17
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref18
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref18
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref18
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref18
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref19
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref19
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref19
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref19
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref20
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref20
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref20
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref21
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref21
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref21
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref21
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref22
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref22
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref22
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref23
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref23
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref23
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref24
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref24
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref24
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref25
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref25
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref25
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref25
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref26
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref26
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref26
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref27
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref27
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref27
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref28
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref28
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref29
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref29
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref29
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref30
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref30
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref30
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref30
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref31
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref31
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref31
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref31
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref32
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref32
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref33
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref33
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref33
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref34
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref34
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref34
http://refhub.elsevier.com/S2213-2198(16)30671-7/sref34

Reproduced with permission of copyright owner.
Further reproduction prohibited without
permission.



	Preparation and Analysis of Peanut Flour Used in Oral Immunotherapy Clinical Trials
	Methods
	Drug manufacturing process
	Peanut flour
	Extraction of soluble peanut proteins from lightly roasted peanut flour
	Preparation and storage of a reference standard
	SDS-PAGE and densitometric scanning to determine Ara h 1 and Ara h 2 content
	Bioburden testing of peanut flour
	Stability testing of peanut flour

	Results
	Ara h 1 and Ara h 2 are present in lightly roasted peanut flour
	Total protein and allergen content are consistent between peanut flour lots
	Microbial and aflatoxin levels are within FDA limits for an orally delivered drug
	Peanut flour is stable for at least 12 months when stored refrigerated at 2°C to 8°C

	Discussion
	References


