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Abstract

Rationale: Some clinical trials already demonstrate statistically
significant improvement of AD symptoms with oral probiotics. The
addition of regulatory T-cell (Treg)-enhancing vitamins and amino
acid cofactors and improved gut delivery of viable probiotic organ-
isms could further increase the efficacy of probiotics in reducing AD
symptoms.

Purpose: The aim of this pilot study is to show the efficacy of a
novel formulation of probiotics and vitamins specifically targeted for
improving Atopic Dermatitis (AD) symptoms.

Methods: A novel Targeted Probiotics and Vitamin Complex (TPVC)
was formulated, consisting of prebiotics, 11 probiotic strains, Vitamin
D, Vitamin A, and L-tryptophan. It utilizes a patented micro-encap-
sulation technology which allows it to deliver a higher yield of viable
probiotic organisms to the small and large intestines compared to
other probiotic formulations such as liquids, powders, or capsules.
The TPVC was offered as a free sample (60 pills) to interest AD pa-
tients ages 6-years-old and older, with parental consent for minors
(ages 6 through 17-years-old). Data on symptoms was collected with
the validated Patient Oriented Eczema Measure (POEM) self-as-
sessment survey tool which was completed by patients or parents of
minors prior to starting the TPVC as well as after taking it daily for at
least two consecutive weeks.

Results: Forty-eight interested patients/parents with AD accepted
samples of the TPVC. Seventeen of the 48 patients/parents complet-
ed the pre-treatment POEM survey. Of those seventeen, 9 patients/
parents completed the post-treatment POEM survey. Pre-treatment
POEM scores ranged from 3 to 20. Post-treatment POEM scores
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ranged from 2 to 10. The 9 score changes were all improvements
and ranged from 3 to 16 where a decrease of 3.4 or greater has been
established as a clinically meaningful improvement. Only 2 patients
had a score improvement of 3, while 7 had an improvement of 4 or
greater.

Conclusion: The TPVC, a novel probiotic formulation utilizing 11
different probiotic species combined with Vitamins A and D and the
amino acid L-tryptophan and designed to deliver a high yield of via-
ble organisms past the stomach, improved the AD symptoms of 7 out
of 9 patients to a clinically meaningful degree.

Introduction

The microbiome is growing area of research as well as a possi-
ble therapeutic target. While we are just beginning to understand the
symbiotic relationship between the organisms of the microbiome and
human physiology, there have already been studies exploring possi-
ble disease therapies using probiotics to target the gut microbiome.
Particularly within our field of Allergy and Immunology, studies have
attempted to find statistical improvements of symptoms in atopic dis-
eases in patients taking probiotics, though to date only the symptoms
of Atopic Dermatitis (AD) have shown such a response.

By adding the concept of the microbiome as a facet of human
physiology, the complexity level grows exponentially. As an exam-
ple, nutrition not only affects human physiology directly but it also
affects the populations and composition of the gut microbiome which
in turn further affects human physiology and disease, such as in AD
[1]. Therapeutic attempts with probiotics to date have been wholly
one-dimensional, utilizing only populations of probiotic bacterial spe-
cies and their nutritional substrates (prebiotics). However as just not-
ed, many other nutritional factors likely impact the potential effects
of these probiotics, which have not been addressed by therapeutic
probiotic studies to date.

Possibly one the most important and challenging aspects of oral
probiotic therapy is delivering a viable population of probiotic bac-
terial strains to the target sections of the gut. Colony Forming Units
(CFU) describe the number of organisms in a dose of a probiotic prod-
uct, but the number that finally reaches target site may be far less than
what is printed on the label. The CFU can diminish for a number of
reasons, including time on the shelf, exposure to higher temperatures,
and exposure to gastric acid. Some products attempt to overpower
these factors by increasing the CFU to compensate for such losses.
Despite this, a recent article in Cell casts doubt on whether oral pro-
biotics can even achieve any significant impact on the indigenous gut
microbiome population [2]. Regardless, given that there have been
study-proven statistically significant improvements in AD symptoms
with simple one-dimensional probiotic therapies, there is a clear ther-
apeutic effect to oral probiotics, even if they remain present in the gut
only transiently.

Taking these complexities into account, one can begin to imag-
ine that future oral probiotic therapies might begin to include other
nutritional factors as well as methods to enhance delivery of viable



http://doi.org/10.24966/ADT-749X/100010

Citation: Padeh YC (2019) Expanding the Boundaries of Oral Probiotic Formulations to Target Atopic Dermatitis. ] Allergy Disord Ther 5: 010.

ePage2of 7 e

probiotic organisms to the target sections of the gut. It is possible
that such combination products could take oral probiotics to another
level of efficacy, perhaps even positively impacting disease symp-
toms which to date have not improved in clinical trials. As perhaps the
first of its kind and as proof-of-concept of this idea, this pilot study
utilized a novel Targeted Probiotic and Vitamin Complex (TPVC) de-
signed to improve AD symptoms.

Atopic Dermatitis (AD) is an inflammatory condition affecting
9.6 million children and 18 million adults in the US alone [3,4]. The
complex inflammatory milieu of AD skin involves the influx of lym-
phocytes and liberation of cytokines, most typically lymphocytes of
the Th, and Th,, variety [5]. These lymphocytes and cytokines, whose
activation is often triggered by scratching, lead to the typical symp-
toms and features of the condition. Genetic mutations such as those of
filaggrin are currently known to be but a relatively small percentage
of all AD cases. Most cases have no currently identifiable specific
genetic origin, though a family history of AD is clearly a risk factor.

Analysis of unaffected skin in patients with AD has shown the
presence of inflammatory lymphocytes despite the lack of gross skin
changes [6]. This suggests that there may be a more generalized and
systemic inflammatory milieu, at least affecting the entire skin as a
single organ system. Dupilumab, a monoclonal antibody targeting the
IL-4 and IL-13 receptors to reduce atopic signaling, has been shown
to significantly improve AD symptoms [7,8] further supporting this
concept. Studies of infant exposure and colonization with varying
types of gut flora suggest that the development of atopy and atopic
conditions may stem from gut flora diversity or lack thereof [9]. Many
studies have investigated utilizing oral probiotics as possible treat-
ments for atopic conditions, both for primary prevention as well as
for secondary improvement of symptoms. To date, most atopic condi-
tions have not shown to benefit from probiotics except for AD [10].

The body of literature on treatment of AD symptoms with probi-
otics is varied by age groups, probiotic species, and quantities used
(number of “colony forming units” or CFU), making its interpretation
somewhat complex. While early studies tended not to reach statisti-
cal significance with respect to symptom improvement, newer stud-
ies have in fact shown statistically significant improvements of AD
symptoms with probiotics [11-24]. Meta-analyses are useful to visu-
alize this trend, but the differences of the studies used must be kept
in mind. One particular meta-analysis shows a clear overall benefit of
probiotics for improving AD symptoms, except in infant populations
[23]. It is possible that the lack of improvement in some infants could
be due to previous colonization with specific flora, such as Bifidobac-
terium dentium [24]

On review of the probiotic literature, probiotics have also been
shown to be statistically beneficial in the treatment of Ulcerative Coli-
tis (UC), an inflammatory bowel disease [25]. A portion of the GI
probiotic literature focuses on the ability of specific bacterial species
and strains to promote regulatory T-cell (Treg) activation as well as
the increased production of the regulatory cytokine, IL-10 [26,27].
The theory is that some probiotics may exert an immunomodulatory
effect through Tregs and IL-10. Given that the inflammation of UC
and the area of probiotic colonization are the same, this theory seems
logical.

Since most lymphocytes reside in the GI tract and then also patrol
and affect other parts of the body, it is possible that local activation of

Tregs and production of IL-10 in the gut may also create a remote an-
ti-inflammatory effect, such as in the skin. Some probiotics, as noted
above, have been shown to promote Treg activation and proliferation.
In the course of their activation, Tregs can migrate to the skin and
dampen all T-cell activation in the skin, including Th2 and Th22. Ad-
ditionally; the production of IL-10 by Tregs can also act remotely and
suppress T-cell activation in the skin. Perhaps this is the mechanism
by which oral probiotics can improve skin symptoms in AD [28,29].
One study also shows enhanced Treg activation and IL-10 production
with the addition of Vitamin A and L-tryptophan in the presence of
specific probiotic species [30]. Additionally, some of the literature on
Vitamin D and AD has shown benefit in improving AD symptoms
[31].

Methods

The TPVC was formulated to contain 11 probiotic species total-
ing 5 billion CFU per pill. The probiotic species are Bifidobacterium
lactis, Lactobacillus caseicasei, Lactobacillus plantarum, Lacto-
bacillus rhamnosus GG, Bifidobacterium bifidum, Bifidobacterium
breve, Bifidobacterium infantis, Bifidobacterium longum, Lactoba-
cillus reuteri, Lactobacillus salivarius, and Lactobacillus paracasei.
Each pill also contains Vitamin A 200 IU, Vitamin D3 400 IU, the
prebiotic Fructo-Oligosaccharide (FOS) 25 mg, and L-tryptophan
25 mg. The components were formulated into a pill utilizing a com-
mercially available but proprietary delivery system technology called
Bio-Tract™. This technology consists of an encapsulation material
which expands on contact with gastric acids and does not dissolve un-
til reaching the duodenum and beyond, enhancing the yield of viable
organisms reaching the small and large intestines.

The Patient Oriented Eczema Measure (POEM), a validated AD
self-assessment survey, was copied with permission from the Uni-
versity of Nottingham website [32]. The survey questions, possible
answers, scores, and score interpretations are presented in tables 1-3.
The POEM survey includes 7 questions, each with a score from 0 to
4. The total POEM score can range from 0 to 28, with a higher score
corresponding to worse symptoms. A POEM score improvement (re-
duction) of 3.4 or higher has been previously established as the Min-
imal Clinically Important Difference (MCID) [33]. Therefore a score
improvement of over 3.4 was a priori considered to be the cutoff for a
significant improvement of symptoms being achieved by the TPVC.
Forty-eight patients with a clinical diagnosis of AD of any severity,
ages 6-years-old and older (or their parents), were offered and ac-
cepted a 60-pill sample of a novel Targeted Probiotics and Vitamin
Complex (TPVC). All the patients were already being treated with
standard of care recommendations and medications and had stable se-
verity of symptoms for at least one month prior to starting the TPVC.
Parents of children age’s 6-years-old to 17-years-old were instruct-
ed to take one or two pills daily. Adults were instructed to take two
to four pills daily. Patients or their parents were then emailed a link
to an electronic Survey Monkey® version of the POEM survey as a
pre-treatment survey. Patients were then emailed another link to the
POEM survey about 2-4 weeks later as a post-treatment survey. The
post-treatment survey also included a question about how many pills
were taken daily on average.

Results

Of the 48 patients/parents who accepted samples of the TPVC,
17 completed the pre-treatment POEM survey. Pre-treatment POEM
scores ranged from 3 to 20. Of the 17 patients/parents who completed
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the pre-treatment survey, 9 completed the post-treatment POEM sur-
vey. Post-treatment POEM scores ranged from 2 to 10. The 9 score Total Score Interpretation
changes were all improvements and ranged from 3 to 16. None 0to2 Clear or almost clear
showed a worsening of symptoms. Of the 9 patients with complete 3t07 Mild eczema
data, 7 were female, 2 were male, and their ages ranged from 6 to 42 8to 16 Moderate eczema
years-old. The number of pills taken daily ranged from 1 to 3. Tables 17 to 24 Severe eczema
4-7 present a full breakdown of the data for the 9 patients. 2510 28 Very severe eczema
Table 3: POEM Severity Scale [31].
1. Over the last week, on how many days has your/your child’s skin been itchy because

of the eczema?

Two patients, one and six, had symptoms categorized as “severe
eczema” based on the POEM severity scale. These two patients had
the highest POEM score changes on the TPVC, 16 and 13 respec-
tively. Patient four had AD symptoms categorized as “mild ecze-

- - - ma”, while the remaining six patients had “moderate eczema”. Pa-
3. Over the last week, on how many days has your/your child’s skin been bleeding . . « 9 q:
because of the cezema? tients seven and nine, both of whom had “moderate eczema”, did not
achieve a clinically meaningful improvement of their AD symptoms
T - on the TPVC, with a POEM score decrease of 3 each. The other seven
4. Over the last week, on how many days has your/your child’s skin been weeping or . .
oozing clear fluid because of the eczema? patients had POEM score decreases ranging from 4 to 16, above the
POEM MCID of 3.4 (Figure 1).

No days ‘ 1-2 days ‘ 3-4 days ‘ 5-6 days ‘ Every day

2. Over the last week, on how many nights has your/your child’s sleep been disturbed
because of the eczema?

No days ‘ 1-2 days ‘ 3-4 days ‘ 5-6 days ‘ Every day

No days ‘ 1-2 days ‘ 3-4 days ‘ 5-6 days ‘ Every day

No days ‘ 1-2 days ‘ 3-4 days ‘ 5.6 days ‘ Every day

5. Over the last week, on how many days has your/your child’s skin been cracked because
of the eczema?

No days ‘ 1-2 days ‘ 3-4 days ‘ 5-6 days ‘ Every day

6. Over the last week, on how many days has your/your child’s skin been flaking off
because of the eczema?

No days ‘ 1-2 days ‘ 3-4 days ‘ 5-6 days ‘ Every day

7. Over the last week, on how many days has your/your child’s skin felt dry or rough
because of the eczema?

No days ‘ 1-2 days ‘ 3-4 days ‘ 5-6 days ‘ Every day
Table 1: POEM Survey for Adults/Children [31].

Figure 1: POEM Scores and Changes.

Answer Score
No days 0 Patient 1 volunteered the following written comments by email
12 days | about her experience while taking the TPVC: “I had the sample you
4 days > gave me for a month, taking two a day. I would say after a week or so
o S I completely stopped itching. Towards the end of the month it seemed
-6 days . . .
as though the hyper-pigmentation I had caused from scratching was
Every d 4 . . . .
very Gy lightening. I hadn’t had any breakouts.” Other patients did not vol-
Table 2: POEM Scoring [31]. unteer any written comments about their symptoms while taking the
TPVC.
1D Pr1 Pr2 | Pr3 Pr4 Prs Pré Pr7 PrT | Pol Po2 Po3 Po4 Po5 Po6 | Po7 | PoT A # MF | Age
1 4 4 2 0 2 4 4 20 1 0 0 0 0 1 2 4 | <16 | 2 F 27
2 3 3 1 1 1 0 3 12 1 1 0 0 0 0 1 3 9 2 F 6
3 4 4 0 0 3 1 4 16 4 1 0 0 1 0 2 8 -8 2 F 18
4 2 0 0 0 0 0 4 6 2 0 0 0 0 0 0 2 -4 2 F 26
5 2 2 1 0 1 1 3 10 1 0 0 0 1 2 2 6 -4 3 F 21
6 4 1 2 0 4 4 4 19 1 1 0 0 1 2 1 6 | -13 3 M | 4
7 3 4 1 0 2 1 2 13 3 1 1 0 2 1 2 | 10 | 3 2 F 7
8 3 3 0 1 1 1 2 11 1 0 0 0 0 1 0 2 9 1 M | 10
9 4 4 0 0 0 0 4 12 4 1 0 0 0 0 4 9 3 2 F 40
Table 4: Overall Data for Patients on the TPVC.
ID: Patient number
Pr1-7: Pre-treatment POEM question score
PrT: Pre-treatment total POEM score
Pol1-7: Post-treatment POEM question score
PoT: Post-treatment total POEM score
A: POEM score change (Post-treatment total POEM score minus Pre-treatment total POEM score)
#: Average number of pills taken daily
MF: Male or Female
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1D Age M/F Q1 Itch Q2 Sleep Q3 Bleed | Q4 Ooze Q5 Crack Q6 Flake Q7 Dry Total
1 27 F 4 4 2 0 2 4 4 20
2 6 F 3 3 1 1 1 0 3 12
3 18 F 4 4 0 0 3 1 4 16
4 26 F 2 0 0 0 0 0 4 6
5 21 F 2 2 1 0 1 1 3 10
6 42 M 4 1 2 0 4 4 4 19
7 7 F 3 4 1 0 2 1 2 13
8 10 M 3 3 0 1 1 1 2 11
9 40 F 4 4 0 0 0 0 4 12
Table 5: Patients on the TPVC, Pre-treatment POEM scores.

ID: Patient number
ID Q1 Itch Q2 Sleep | Q3 Bleed Q4 Ooze Q5 Crack | Q6 Flake Q7 Dry Total A Pills
1 1 0 0 0 0 1 2 4 -16 2
2 1 1 0 0 0 0 1 3 -9 2
3 4 1 0 0 1 0 2 8 -8 2
4 2 0 0 0 0 0 0 2 -4 2
5 1 0 0 0 1 2 2 6 -4 3
6 1 1 0 0 1 2 1 6 -13 3
7 3 1 1 0 2 1 2 10 -3 2
8 1 0 0 0 0 1 0 2 -9 1
9 4 1 0 0 0 0 4 9 -3 2

Table 6: Patients on the TPVC, Post-treatment scores with score changes and pills taken daily.
ID: Patient number
A: Post-treatment score minus Pre-treatment score (not shown in this table)

ID Age M/F Pills Daily Pre Total Post Total A
1 27 F 2 20 4 -16
2 6 F 2 12 3 -9
3 18 F 2 16 8 -8
4 26 F 2 6 2 -4
5 21 F 3 10 6 -4
6 42 M 3 19 6 -13
7 7 F 2 13 10 -3
8 10 M 1 11 2 -9
9 40 F 2 12 9 -3
Table 7: Patients on the TPVC, condensed data.
ID: Patient number
Pre Total: Pre-treatment POEM score
Post Total: Post-treatment POEM score
A: Post Total minus Pre Total

Attempts were made via email and phone to reach the 31 patients
who completed neither survey as well as the 8 patients who never
completed the post-treatment questionnaires. The data available for
the 8 patients who completed only the pre-treatment questionnaire are
provided in table 8. These 39 patients, none of whom reported wors-
ening symptoms, were similarly distributed in age and AD symptom
severity to the 9 with complete data. While some admitted to being
inconsistent with treatment, none offered specific reasons why.

Discussion

The data presented in this study agree with the findings of the
many positive studies of probiotics improving AD symptoms. The
data show that patients can have clinically meaningful improvements
of AD symptoms by taking the TPVC in addition to the standard of
care. While there were two patients whose improvements did not
achieve the MCID for the POEM score changes, they still had a mod-
est improvement of symptoms. It is possible that these two patients
could have shown a more significant improvement had they taken
more than 2 pills daily. A dosing titration study could yield more in-
formation with respect to the ideal dosing range to maximize the im-
provement of AD symptoms. It is also interesting to observe that the
two patients who had the most severe symptoms were the ones with
the greatest symptom improvement on the TPVC. While it is logical
to surmise that with worse symptoms there is greater room for clini-
cal improvement and such patients would respond best to the TPVC,
further studies are needed to specifically address this hypothesis.

The TPVC is the first probiotic specifically formulated for the
treatment of AD symptoms which utilizes 11 different probiotic spe-
cies. By incorporating a diverse group of 11 probiotic species shown
in studies to improve AD symptoms in a statistically significant way,
it is possible that the TPVC increases the probability of improvement
and absolute efficacy because some patients may respond better to
some probiotic species while other patients may respond better to oth-
er probiotic species. The inclusion of additional probiotic species in
the future could therefore further enhance the probiotic diversity as
well as the efficacy of the treatment in larger numbers of AD patients.
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1D Q1 Itch Q2 Sleep Q3 Bleed Q4 Ooze Q5 Crack Q6 Flake Q7 Dry Total A Pills
10 7 F 4 0 0 0 4 0 4 12
11 35 F 4 3 2 2 4 0 4 19
12 11 M 4 2 2 1 2 2 4 17
13 50 F 0 0 1 0 0 1 1 3
14 38 F 2 1 1 0 1 1 1 7
15 12 F 4 0 1 0 4 4 4 17
16 16 F 4 3 1 0 4 4 4 20
17 8 F 4 0 0 0 0 0 4 8
Table 8: Patients who provided only Pre-treatment POEM scores (Total of 8).
ID: Patient number

Additionally, Vitamin A, Vitamin D, and L-tryptophan were added
with a specific intent of activating Tregs and increasing IL-10 produc-
tion to enhance the potential anti-inflammatory effects promoted by
the specific probiotic species. Future studies would benefit from mea-
surements of IL-10 levels as a marker of Treg activation. A correlation
of an increase in IL-10 production with improvement of symptom
scores would further support the theory that oral probiotics improve
AD symptoms by enhancing the anti-inflammatory effects of Treg
cells in the gut.

The limitations of this pilot study include small sample size, selec-
tion bias, and no control for a possible placebo effect. As a pilot study,
the goal was proof of concept that a novel formulation of diverse pro-
biotics could in fact improve AD symptoms. Though the sample size
was small, this goal was achieved. Additionally, patients who tolerate
the product and have mild to modest symptom improvements could
then titrate up the daily pill dose to attempt to achieve a more ro-
bust clinical effect. With further study, optimization of pill contents
to achieve the highest possible clinical response can reduce the pill
burden to 1 or 2 pills daily.

With a total of 48 patients who accepted a sample of the TPVC and
9 who completed both surveys, a selection bias of patients who had
improvement on the product being the ones motivated to complete
the surveys cannot be excluded. Even if this were in fact the case, the
bias does not detract from the clinically meaningful improvements
of 7 of the 9 patients who completed both surveys. Though there are
numerous studies showing statistically significant improvements of
AD symptoms with specific probiotics, the recommendations in the
conclusions of the studies have remained cautious and skeptical on
recommending probiotics for patients with eczema without further
studies. With rare exception, probiotic supplementation has very little
risk of minor side effects and exceptionally minimal risk of major side
effects. In simple terms, there is very little downside to recommend-
ing probiotic supplementation and potentially a high upside with im-
provement of AD symptoms.

On a mechanistic level, this study also lacks any data regarding
Treg activation including Treg activation markers and IL-10 levels
pre- and post-treatment. While these data would be useful, they are
beyond the scope of this pilot study. Future studies attempting to elu-
cidate the mechanism by which probiotics effect an improvement of
AD symptoms should include such data.

Conclusion

As a novel formulation of prebiotics, diverse probiotics, vitamin
A, vitamin D, and L-tryptophan, the TPVC improves AD symptoms
in some patients. Given the positive findings, a randomized, dou-
ble-blinded placebo-controlled trial could more clearly determine the
clinical efficacy and side-effects of the TPVC while eliminating the
limitations of a pilot study. Furthermore, a dose-optimization study
could better determine the optimal dose to achieve the most effective
improvement of symptoms. Additionally, changes in Treg activation
and IL-10 levels could be studied to further elucidate the potential
mechanism by which probiotics and other nutrients may positively
impact AD symptoms. While further study is warranted, given the
very small downside of probiotic supplementation and with the exclu-
sion of patients with an absolute or relative contraindication to taking
probiotics, it would be reasonable to recommend the TPVC as an ad-
ditional treatment component for patients with AD.
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