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Abstract: The prevalence of allergic rhinitis (common allergies) has increased in the last fifty years, from less than 
one percent to more than twenty-six percent of the population. Today, more than one hundred million people in the 
US suffer seasonal or yearlong allergies. The hygiene hypothesis was proposed 30 years ago as a potential explana-
tion for this phenomenon, and we built on it with the specific oral hygiene hypothesis. Our longitudinal pilot study 
suggested that oral probiotic deficiency is the cause of allergic rhinitis. This clinical trial served to verify our theory 
and evaluate the effectiveness of AllerPops for allergy relief. We carried out a phase II, randomized, double-blind, 
controlled, single-center 21-day study to investigate the efficacy of AllerPops to reduce nasal symptoms in 72 adult 
volunteers with seasonal/year-long nasal allergies and its impact on oral microbiome using amplicon sequencing of 
16S ribosome RNA genes. The volunteers were randomly separated into two equally sized groups: a control group 
and an investigational group. Both groups were given at least three doses of AllerPops, taken every other day, and 
asked to answer questions about observed allergy symptoms. Volunteers in the investigational group cleaned their 
mouths before taking a dose and slowly dissolve the lozenge, while those in the control did not. Through this trial, 
we show that AllerPops prebiotic supplements are effective in providing sustained allergy relief (P = 0.002) and can 
modulate oral beneficial bacteria that produce short-chain fatty acids (SCFA), such as Fusobacteria, Butyrivibrio, 
and Peptostreptococcus. The clinical improvements correlated with changes in the relative abundance of probiotics 
significantly: Fusobacteria (R = 0.32, P = 0.009), Butyrivibrio (R = 0.25, P = 0.044), and Peptostreptococcus (R = 
0.34, P = 0.005). These results point to the root cause of allergic rhinitis: the lack of oral probiotics that produce 
SCFA to pacify the immune systems. Future study of AllerPops’ theory will help society redefine the best oral hygiene 
practice to protect oral probiotics so that we may prevent allergic and autoimmune diseases and dental/gum in-
fections. The trial was retrospectively registered at clinicaltrials.com, with registration number NCT05956691, on 
21/07/2023.
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Introduction

Allergic rhinitis (AR) was described in 1929 as a 
process that includes three cardinal symptoms: 
sneezing, nasal obstruction, and mucus dis-
charge [1]. AR is clinically defined as a symp-
tomatic disorder of the nose induced by an 
immunoglobulin (IgE)-mediated inflammation 
after allergen exposure of the membranes lin-
ing the nose. AR is a widely prevalent condition 
in Canada (i.e., affecting 20 to 25% of the popu-
lation) [2] and the United States [3]. Significant 
physical sequelae and recurrent or persistent 
morbidities often accompany it.

More than 30 years ago, Dr. Strachan proposed 
the hygiene hypothesis to explain the increase 

in allergy diseases [4]. Subsequently, many 
later studies suggest that personal and social 
hygiene practices are associated with the aller-
gy disease epidemic [5]. Increasingly common 
literature on animals and humans has indicated 
that changes in the gut microbiome are associ-
ated with the development of allergic disease 
[6-9], which were shown to be associated with 
insufficient early microbial exposure [10]. 
Changes in the nasal [11-15] and oral microbio-
ta [16-19] were also implicated.

Some investigations have shown that the oral 
administration of probiotics and prebiotics  
may benefit allergic rhinitis patients [20-22]. 
Moreover, the local nasal administration of 
Lactococcus lactis NZ9000 can affect the local 
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and systemic immune responses against 
Streptococcus pneumonia [23].

Probiotics are a promising therapeutic approach 
for allergic airway diseases. However, attempts 
at using probiotics to cure or prevent allergy 
diseases have had limited success [24]. In 
those trials, researchers used probiotics that 
live in the gut. Instead of focusing on this 
remote interaction between the gut and the air-
way, we examined the local interaction between 
microbiota living in the airway, especially in the 
mouth, and the immune system residing around 
the respiratory tracts during our pilot study 
[25]. That study illustrated that restructuring 
oral microbiota can lead to lasting remissions 
of common allergies (allergic rhinitis).

The primary purpose of this clinical study was 
to assess the effectiveness of AllerPops [26] in 
relieving nasal symptoms in volunteers with 
seasonal or year-long allergies, as indicated by 
results on the total nasal symptoms score 
(TNSS) questionnaire and peak nasal inspira-
tory flow (PNIF) measurement device. The sec-
ondary purpose was to identify the changes in 
the oral microbiome during the intervention 
and to verify the oral probiotic deficiency 
hypothesis, that the lack of short-chain fatty 
acid (SCFA)-producing bacteria causes allergic 
rhinitis.

Materials and methods

Study design

The study was conducted as a phase II, a ran-
domized, double-blind, controlled, single-cen-
ter, 21-day study designed to investigate the 
efficacy of AllerPops in reducing nasal symp-
toms in adult participants with seasonal/year-
long nasal allergies. Participants were dosed 
every other day for a minimum of 3 doses. Or 
until the participant was satisfied with the relief 
of the nasal allergy symptoms.

Ethics statements

All methods were carried out in accordance 
with relevant guidelines and regulations. All 
experimental protocols were approved by 
Health Canada under protocol number 21- 
SAHSE-01, and Advarra Institutional Review 
Board (Aurora, Ontario, Canada). Informed con-

sent was obtained from all subjects before 
participation.

Participants

All participants were between 18 and 70 years 
old and clinically diagnosed with persistent  
or intermittent AR according to the Allergic 
Rhinitis and Its Impact on Asthma (ARIA) clas-
sification [27]. Participants meeting any exclu-
sion criteria were not eligible for admission to 
the study. A baseline TNSS was obtained from 
all participants. TNSS is a questionnaire devel-
oped to assess AR symptoms. In this subjec- 
tive assessment, AR symptoms were scored by 
the participant from 0 to 3 (0 = none, 1 = mild, 
2 = moderate, 3 = severe) [28]. Peak nasal 
inspiratory flow (PNIF) scores were also ob- 
tained. This device assesses nasal airway 
potency by measuring nasal volume and flow 
[29], and provides an objective score.

Using block randomization, participants were 
separated into two groups (i.e., control and 
investigational). Both groups received AllerPops 
as the intervention but with different product 
consumption instructions. The investigational 
group was asked to clean their mouth first and 
let the product slowly dissolve in their mouth 
for over one hour. The control group was not 
required to clean their mouth and was instruct-
ed to quickly swallow one lozenge every other 
day for a minimum of 3 doses or until they were 
satisfied with the symptom relief, up to and 
including Day 13.

Outcome measures

At baseline and after 7, 14, and 21 days, the 
TNSS questionnaire was completed by all par-
ticipants, and PNIF measurements were 
obtained. Similarly, blood samples were also 
taken at baseline, day 7, and day 21, to mea-
sure total IgE (Immunoglobulin E) and eosino-
phils (known immune mediators), and to moni-
tor standard safety parameters. Any out-of-
range parameter was flagged and assessed by 
the Principal Investigator. Heart rate, blood 
pressure, and body temperature were collect- 
ed at baseline, day 7, and day 21 to assess 
safety outcomes. Finally, the emergence, sever-
ity, and causality of adverse events were mea-
sured on day 7, day 14, and day 21. Saliva sam-
ples were obtained from participants at base-
line, day 7, and day 21 to evaluate the effect of 
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the AllerPops administration on the oral micro-
bial presentation/microbiota using Amplicon 
Metagenomics Sequencing. The analysis was 
performed separately by Novogene.

Statistics

Continuous data were tested for normal distri-
bution using the Shapiro-Wilk test and were 
confirmed to be nonparametric. Demographic 
data were evaluated using mean and standard 
deviation. Baseline and follow-up values were 
compared between the investigational and  
control groups using the Mann-Whitney U test 
or, where appropriate, Fisher’s exact test. 
Baseline and follow-up values were also com-
pared within each group using repeated mea-
sures (RM) ANOVA over several periods, fol-
lowed by the Wilcoxon signed-rank test for  
each specific period. All analyses were done 
using RStudio (v. 2022.07.1+554), Microsoft 
Excel (v. 16.67), and the Real Statistics Re- 
source Pack (Rel 8.3.1).

16S profiling of saliva sample

Saliva was collected after fasting for at least  
8 hours without stimulation at baseline and 
after 7, 14, and 21 days and stored at -70°C 
immediately. The samples were sent to Novo- 
gene (Sacramento, California, USA) for DNA 
extraction, 16S amplification, and sequencing. 
The amplicon sequences were analyzed 
through Novogene’s pipeline, including quality 
control, diversity analysis, and abundance  
comparison. A detailed description can be 
found in our pilot study [25]. We also did a cor-
relation test between improvements in clinical 
symptoms score and variation of the species 
abundance, using the CORREL function in 
Microsoft Excel.

Results

Demographics and groups

Seventy-two (72) individuals clinically diag-
nosed with persistent or intermittent allergic 
rhinitis were enrolled randomly into the two 
arms of the double-blinded phase II clinical 
trial. Two participants in the experimental  
treatment arm did not complete the study.  
Both participants withdrew from the study  
after baseline values were taken (CONSORT 

(Consolidated Standards of Reporting Trails) 
Diagram, Figure S1).

Participants included 23 males and 49 femal- 
es, with an average age of 37.8 years ± SD  
14.1 (range 18-70), a height of 168.9 cm ± SD 
9.6 (range 147.5-197.0), a weight of 68.7 kg ± 
SD 12.2 (range 47.3-106.9), and a BMI of 24.0 
kg/m2 ± SD 3.1 (range 18.6-29.9).

Participants were randomized to either the con-
trol group or the investigational group. No sta-
tistically significant differences between the 
control group (n = 36) and the investigational 
group (n = 36) were seen in any of the baseline 
measurements aside from body temperature 
(See Table 1); the slight mean difference of 
0.15°C can be explained by more females 
being enrolled in the control group.

Allerpops relieves allergies according to TNSS 
and PNIF score

Baseline TNSS scores were obtained for all par-
ticipants, with overall scores averaging 4.6 ± 
SD 1.8, based on the following breakdown: (1) 
nasal obstruction score of 1.7 ± SD 0.7, (2)  
itchiness score of 1.4 ± SD 0.7, and (3) runny 
nose score of 1.5 ± SD 0.9.

PNIF measurements averaged 76.1 L/min ±  
SD 34.7. A study by Dor-Wojnarowska in 2011 
established reference PNIF values. Participants 
in this study had a mean PNIF value 57.7 L/min 
lower than they were expected to have given 
their sex and height (i.e., 133.8 L/min), a  
difference anticipated with all participants hav-
ing been clinically diagnosed with allergic 
rhinitis.

To assess treatment impact, the change in 
TNSS scores was compared between the con-
trol and investigational groups (See Table 2). 
Each group improved on both the overall score 
and the three sub-scores during all three 
assessments (i.e., day 7, day 14, and day 21), 
with this change only being statistically signifi-
cant between the two groups on day 14 for the 
overall score (P = 0.016) and the nasal sub-
score (P = 0.032).

PNIF scores also improved in both groups, 
although the difference between the two 
groups was only statistically significant on the 
day 14 mark (P = 0.045) (See Table 2).



Oral probiotic deficiency causes allergies

139 Am J Transl Res 2024;16(1):136-146

The overall TNSS score for the investigational 
group improved significantly, decreasing by 1.1 
through day 14 (p-value = 0.002) (See Figure 1 
and Table 3). The overall change was also sig-
nificant for the runny nose (P = 0.022) and itch-
ing/sneezing (P = 0.002) TNSS sub-scores. 
Analysis with the Wilcoxon signed-rank test 
found all three changes above to be significant-
ly different from baseline at the 14-day mark 
(p-values ranging from 0.004 to 0.013), with 
one change (i.e., overall) being significant at 
day 7 (P = 0.033), and two changes (i.e., over- 
all and itching/sneezing) being significant at  
21 days (P = 0.017 and 0.025). TNSS also 
improved significantly in the control group  
overall and for all three sub-scores (P < 

0.00001 for all four changes). When comparing 
TNSS changes week-over-week against base-
line, no significant changes were observed 
between days 14 to 21 for either the control 
group (p-values ranging from 0.14 to 1.00) or 
the investigational group (p-values ranging 
from 0.27 to 0.67).

Although PNIF values improved for both the 
investigational and control groups, the change 
from baseline was significant in the control 
group (P = 0.00002) but not in the investiga-
tional group (P = 0.61). Similar to TNSS chang-
es, PNIF values did not experience a significant 
change between days 14 to 21 for either the 
control group (P = 0.40) or the investigational 
group (P = 0.86).

Table 1. Demographics and baseline measurements for the control and investigational groups
Measurement Control Group (n = 36) Investigational Group (n = 36) p-value
Age (mean, SD, in years) 39.4 (13.9) 35.3 (14.3) 0.11
Height (mean, SD, in cm) 169.7 (10) 167.8 (9.4) 0.40
Weight (mean, SD, in kg) 70 (13.2) 67.6 (11.7) 0.38
BMI (mean, SD, kg/m2) 24.2 (3.1) 23.9 (3.2) 0.72
Female 69.4% 66.7% 0.84
TNSS (mean, SD)
    Nasal Obstruction 1.8 (0.62) 1.5 (0.65) 0.10
    Itching/Sneezing 1.4 (0.77) 1.4 (0.73) 0.98
    Secretion/Runny Nose 1.5 (0.91) 1.4 (0.81) 0.66
    Overall 4.8 (1.92) 4.4 (1.78) 0.46
PNIF (mean, SD, in L/min) 72.8 (32.2) 79.5 (37.2) 0.41
IgE (mean, SD, IU/mL) 121.7 (154.3) 140.7 (191.6) 0.99
Eosinophils (mean, SD, ×109/L) 0.18 (0.17) 0.21 (0.15) 0.43
Heart Rate (mean, SD, beats/min) 72.4 (10.8) 74.4 (10) 0.30
Body Temperature (mean, SD, °C) 36.3 (0.7) 36.2 (0.6) 0.046
Blood Pressure (mean, SD, mm Hg)
    Systolic 118.1 (12) 116.9 (9.8) 0.73
    Diastolic 72.7 (7.4) 73.2 (8.2) 0.58

Table 2. Change in TNSS, PNIF values, eosinophils, and IgE from baseline in the control and investiga-
tional groups on days 7, 14, and 21

Measurement
Control Group (n = 33 to 35) Investigational Group  

(n = 30 to 34) p-value

Day 7 Day 14 Day 21 Day 7 Day 14 Day 21 Day 7 Day 14 Day 21
TNSS (change, SD)

    Nasal Obstruction -0.6 (0.7) -0.6 (0.8) -0.7 (0.9) -0.3 (0.8) -0.2 (0.8) -0.3 (1) 0.17 0.032 0.08

    Itching/Sneezing -0.4 (0.8) -0.7 (0.9) -0.6 (0.9) -0.2 (0.7) -0.4 (0.8) -0.5 (1.1) 0.67 0.11 0.71

    Secretion/Runny Nose -0.5 (0.9) -0.7 (0.8) -0.7 (0.8) -0.1 (0.8) -0.4 (0.9) -0.3 (0.8) 0.22 0.10 0.053

    Overall -1.4 (2) -2.1 (1.9) -2 (2) -0.6 (1.8) -1.1 (2) -1.1 (2.6) 0.19 0.016 0.079

PNIF (change, SD, in L/min) 18.1 (38) 29 (41.5) 17.8 (24.2) 6.7 (42.6) 4.4 (42.1) 8.7 (45.2) 0.38 0.045 0.14

Eosinophils (mean, SD, ×109/L) 0.003 (0.05) -- -0.006 (0.07) 0.004 (0.04) -- -0.02 (0.07) 0.99 -- 0.73

IgE (change, SD, IU/mL) 2.2 (32.8) -- -17.3 (134.2) 1.4 (17.5) -- 4.6 (31.6) 0.62 -- 0.80
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IgE and eosinophils levels both changed 
throughout the treatment period but never at a 
level deemed statistically significant.

16S profiling of saliva microbiome indicates 
AllerPops promotes oral probiotics

The amplicon was sequenced on Illumina 
paired-end platform to generate 250 bp pai- 
red-end raw reads (Raw PE) and then merged 
and pre-treated to obtain Clean Tags. The chi-
meric sequences in Clean Tags were detected 
and removed to obtain the Effective Tags, which 

larity among different samples. The Unweight- 
ed Pair-group Method with Arithmetic Mean 
(UPGMA) is a hierarchical clustering method 
widely used in ecology to classify samples [30]. 
Nine participants (eight from the experimental 
group and one from the control group, Figure 
S2) have their baseline and final samples clus-
tered next to each other, which indicates that 
the microbiome in the paired samples had mini-
mal changes during the intervention. However, 
their TNSS score improvements are similar to 
other subjects (1.77 verse 1.73). This result 

Figure 1. Comparison of TNSS from baseline to 7, 14, and 21 after the start of treatment. Bar represents the mean; 
whiskers represent positive and negative standard error. Blue text and bars represent statistical significance at the 
95% level. The overall p-value was calculated using RM-ANOVA, while the change from baseline for each week was 
calculated using the Wilcoxon signed-rank test.

Table 3. Change in TNSS, PNIF values, eosinophils, and IgE 
from baseline to day 7/14/21 in the investigational group

Measurement

p-value

Overall*
Change from Baseline 

to Day…
7** 14** 21**

TNSS (change, SD)
    Nasal Obstruction 0.14 0.08 0.08 0.12
    Itching/Sneezing 0.002 0.09 0.013 0.017
    Secretion/Runny Nose 0.022 0.32 0.013 0.06
    Overall 0.002 0.033 0.004 0.025
PNIF (change, SD, in L/min) 0.61 0.27 0.46 0.12
Eosinophils (mean, SD, ×109/L) 0.18 0.89 -- 0.18
IgE (change, SD, IU/mL) 0.58 0.43 -- 0.83
*repeated measures ANOVA; **Wilcoxon signed-rank test.

can be used for subsequent analy-
sis. Each sample had a minimum of 
100,000 sequences.

Operational Taxonomic Units (OTUs) 
were obtained by clustering with  
97% identity on the Effective Tags of 
all samples to study the microbial 
community composition in each 
sample. Then the level of the king-
dom, phyla, class, order, family, 
genus, and species was identified. 
Each saliva sample has 215-658 
observed species, averaging 341 
(Table S1).

Clustering analysis was used to con-
struct a cluster tree to study the simi-
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indicates that changes not detected by this 
method may contribute the clinical im- 
provement.

The t-test to compare the relative abundance 
between treatment groups detected in the con-
trol group genus Rothia decreased after the 
intervention compared to baseline (from 4.0% 
to 2.6%, P = 0.024), and genus unclassified_
Clostridia_UCG-014 increased (from 0.1% to 
0.2%, P = 0.049). The physiological signifi- 
cance of the change is unknown. Other differ-
ences between the two trial groups are likely 
unrelated to the treatment.

In addition to the standard analysis by 
Novogene, we performed a correlation test 
between changes in TNSS score and changes 
in relative abundance at the genus level. The 
abundance of three genera is positively corre-
lated with the clinical symptom change (Fig- 
ure 2) and determined to be statistically signifi-
cant. The three genera are Fusobacteria (R = 
0.32, P = 0.009), Butyrivibrio (R = 0.25, P = 
0.044), and Peptostreptococcus (R = 0.34, P = 
0.005). All three genera can produce short-
chain fatty acids [31-33], a group of chemicals 
that can calm the immune system [34].

On average, the relative abundance of 
Fusobacteria increased by 0.17%, which was 
not statistically significant. In addition, one out-
lier for Peptostreptococcus and two for 
Butyrivibrio were recorded, with significantly 
reduced relative abundances. These outliers 
likely resulted from events unrelated to this 
trial. The two bacteria’s relative abundance 

also increased on average for all other partici-
pants. Changes in the relative abundance of 
Streptococcus and Veillonella previously identi-
fied in our pilot study are insignificant in this 
trial data set.

Discussion

AllerPops prebiotic supplements relieve aller-
gies within a week

The primary outcome of this clinical trial was to 
determine the effectiveness of AllerPops in 
relieving nasal symptoms at the day seven 
mark and to assess the impact of two different 
administration methods on the level of relief. 
Individuals receiving AllerPops as a potential 
treatment for allergic rhinitis subjectively expe-
rienced improvements in nasal symptoms, 
compared to their baseline value, in both their 
overall TNSS score and all three TNSS 
sub-scores.

This improvement occurred in both the control 
and investigational groups. The improvement in 
the overall score in the investigational group 
was statistically significant (P = 0.025), with the 
change in nasal obstruction showing the most 
improvement, decreasing by 0.3. Similarly,  
PNIF values showed an improvement of 28.8% 
or 6.7 L/min (P = 0.27) over the first seven days 
of treatment.

AllerPops provide sustained allergy relief

A secondary analysis was completed to assess 
the impact of treatment on symptoms beyond 

Figure 2. Positive correlation between TNSS score changes (x axle) and relative abundance changes (Y axle) of Fu-
sobacteria (R = 0.32, P = 0.009), Butyrivibrio (R = 0.25, P = 0.044), and Peptostreptococcus (R = 0.34, P = 0.005). 
Blue, slow dissolving group; Red, fast ingestion group.
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the seven-day mark and into weeks two and 
three. There was a significant (P = 0.002) posi-
tive effect of AllerPops on participant TNSS 
overall score, as well as for the itching (P = 
0.002) and runny nose (P = 0.022) sub-scores. 
Results, broken down week-by-week, showed 
that a 14-day intervention period appeared 
superior, with 75% of sub-scores showing a sig-
nificant change compared to baseline, and all 
four scores showing the most significant 
improvement compared to the 7-day and 21- 
day intervention periods (See Figure 1).

No significant changes were seen after day 14 
in the investigational or control group for any 
TNSS score. As participants did not consume 
any product after day 13, this confirms that  
the initial symptom improvement was strictly 
due to AllerPops, regardless of how they were 
consumed. In addition, this finding strongly sug-
gests that both sets of improvements persisted 
for at least one week after treatment.

In contrast, for PNIF values, while descriptive 
statistics revealed that participants did im- 
prove when slowly consuming AllerPops (i.e., 
left to melt in the mouth rather than swallow-
ing), this difference was not significant (P = 
0.61). For PNIF improvement, the maximum 
effect happened on day 21, with PNIF values 
improving by a mean of 8.7 L/min. Also, con-
trary to TNSS, the slightest change in PNIF  
values happened on day 14. For the group 
quickly consuming AllerPops, the change in 
PNIF values from baseline to day 21 was sig- 
nificant (P = 0.00002), with the change from 
days 14 to 21 not being significant (P = 0.40). 
This provides further evidence that improve-
ment was due to AllerPops, regardless of how it 
was consumed, and that this improvement was 
sustained for at least one week after the prod-
uct was last ingested.

However, AllerPops did not reach its full poten-
tial in the experiment group due to regulatory 
restraints. Most significantly, we could not 
introduce oral hygiene changes in the trial. The 
frequency of oral hygiene before and while tak-
ing AllerPops may have slowed improvement 
and negatively impacted the oral probiotics for 
some participants.

In addition, we could not formulate a placebo 
product that does not change oral microbiota 
because the potential ingredients, such as 

starch and sweeteners, can all be used by 
some bacteria, which may have led to unex-
pected results. For that reason, we compared 
two different application methods instead. We 
can design future studies with proper placebo 
control, as we have developed new products in 
other forms, such as prebiotic toothpaste.

AllerPops’ allergy relief correlated with chan-
ges in saliva microbiome

The microbiome analyses of saliva samples col-
lected from participants before, during, and 
after the intervention yield both consistencies 
and inconsistencies with our pilot study. The 
inconsistency is that we did not find that two 
genera, Streptococcus and Veillonella, be- 
came more abundant after using AllerPops. 
Instead, we found that the variations of three 
other genera, Fusobacteria, Butyrivibrio, and 
Peptostreptococcus, positively correlate with 
improving clinical symptom scores. These  
three genera can all produce SCFAs, pacifying 
the immune system [34]. These results are  
consistent with our previously proposed etio-
logical theory on allergic rhinitis. Oral probiotic 
deficiency, or the lack of probiotics that pro-
duce metabolites, such as SCFA, causes the 
immune system to become hypersensitive, 
leading to allergic inflammation [25].

The fact that all three bacterial genera that cor-
related with the shift of clinical symptoms are 
SCFA producers further confirms the hypothe-
sis. There are 13 known SCFA producers among 
the 49 most common genera analyzed. The 
chance that all three associated genera are 
SCFA producers is 1.55% in this analysis. 
Insufficient SCFA is likely the major, if not the 
only, microbe-related mechanism leading to 
allergies.

The new results indicate that the human 
immune system and microbiota interaction is 
very complicated. Multiple bacterial genera 
participate in the process of calming down the 
immune system. We previously regarded these 
bacteria as negative triggers for the human 
immune system. It is also possible that these 
bacteria are simply the balancing force against 
positive triggers, likely MAMPs (microbial-asso-
ciated molecular pattern) from commensal 
bacteria. In this and previous studies, we iden-
tified five genera as balancing forces of the 
immune system. Other common oral bacteria, 
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such as genera Porphyromonas, Prevotella, 
and so on [31, 35], which can also produce 
SCFAs likely contribute to the negative control 
of the immune system.

Each of the thirteen oral SCFA producers may 
contribute only a tiny portion of the negative 
control to the immune system in and around 
the mouth, airway and upper digestion tract. 
This is likely part of the explanation for why pre-
vious studies have not consistently associat- 
ed any of the bacteria with allergies [36]. The 
situation is similar in the gut with many SCFA-
producing bacteria. Many studies recognize the 
importance of these groups of gut bacteria in 
health and preventing diseases [37]. A recent 
study identified a reduced relative abundance 
of Prevotella and Veillonella in the mouth of 
people with peanut allergies, which is consis-
tent with our observation and supports the 
hypothesis that food allergies and allergic rhini-
tis may have a common root cause [38].

These three bacterial genera, Fusobacteria, 
Butyrivibrio, and Peptostreptococcus, are part 
of the oral microbiome in all participants  
and almost all 205 samples except two, likely 
due to sampling bias of insufficient genera 
Butyrivibrio. Most of these bacteria are anaero-
bic, can live in the pocket between the teeth 
and gums, and have been identified in sites of 
periodontal disease [39].

On the one hand, these bacteria at sufficient 
levels can prevent allergies. Conversely, they 
may worsen things when chronic gum infec-
tions occur. Proper oral hygiene is likely the key 
to keeping these bacteria in check and staying 
on the good side of allergy prevention with mini-
mal harm to the teeth and gum. Further studies 
are needed to redefine the boundary of the 
best practice for oral hygiene for professionals 
and the general public.

A balance of positive and negative triggers to 
the immune system is necessary to achieve a 
healthy state. As Snyder et al.’s germ-free mice 
experiment demonstrated, a balanced condi-
tion can be one with no interaction on either 
side [40]. We discussed how the balance fal-
ters during diseases in our pilot study [25]. 
Briefly, on one side, acute infection, fever, and 
diarrhea remove probiotics so that the immune 
system can fight infectious agents without 
restraints. This suggests that one should not 

treat fever and diarrhea prematurely before 
infections fade. On the other side, chronic infec-
tions may arise from probiotic overgrowth.

Oral probiotic deficiency causes allergic rhinitis

We have identified several bacterial genera 
that likely contribute to initiating allergic rhin- 
itis and have regarded them as probiotics for 
their capacity to produce SCFA and calm down 
the immune system. The first critical function  
of a microbiota associated with a host should 
be communicating “peace” with the host. 
Bacteria in this role should (1) not cause  
immediate harm to the host and (2) be able to 
send pacifying signals to the host’s immune 
system. In humans, this communication is  
likely achieved through SFCA-producing bacte-
ria. These bacteria include Streptococcus, 
Veillonella, Fusobacteria, Porphyromonas, and 
so on in the mouth and airway, fiber-degrading 
bacteria in the gut, and Cutibacterium acnes  
on the skin. However, it is vital to remember 
that these probiotics are not always good and 
may contribute to pathogenicity in certain dis-
ease conditions.

These SCFA-producing probiotics are negative 
immune system triggers, and removing and 
reapplying them can be relatively easy and 
quick. Theoretically, the effects of the negative 
trigger should not last long after removing it. 
Otherwise, the immune system’s power cannot 
be released in time to protect the host. Many 
different cells in the human body can absorb 
and metabolize SCFAs, which can rapidly 
decrease their levels. Several observations 
support this proposition. (1) The epidemic of 
common allergies progresses reasonably 
quickly in a short time at a national level. (2) 
Oral biofilm disappears in less than a day under 
moderate fever. (3) The prebiotic compound 
promotes oral probiotics to produce fast and 
lasting allergy relief.

It was hypothesized that immune-mediated dis-
orders such as allergic rhinitis are linked to 
reduced early microbial exposure, gut dysbio-
sis, and nasal and oral microbiota. AllerPops 
contains L-Arginine, which is capable of provid-
ing balanced nutritional support and restora-
tion to the oral microbiota, alleviating AR symp-
toms. The results from this trial and our pilot 
study link the cause of allergic rhinitis to oral 
microbiota, the lack of good bacteria, or oral 
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probiotic deficiency, causes allergic rhinitis. 
Additional testing should be performed to verify 
this theory on a larger scale.

Overall, this study found AllerPops safe and 
effective in individuals with allergic rhinitis, 
whether they swallowed the product or allowed 
it to melt in their mouth. Oral hygiene require-
ments in the treatment group and the method 
of consumption for the control group may have 
limited the impact and effectiveness of the 
investigational product.

Summary

Allergic rhinitis is commonly associated with an 
itchy, stuffy, or runny nose. Whether consumed 
quickly or slowly, AllerPops improved allergy 
symptoms significantly and airflow in the nasal 
airway. Furthermore, these improvements  
did not deteriorate one week after investiga-
tional product consumption was terminated. 
AllerPops’s capability to promote oral probiotics 
enables sustained allergy relief.

Acknowledgements

We acknowledge the work of researchers 
involved in the studies of the oral hygiene 
hypothesis (Drs. Strachan, von Mutius and 
many others).

Disclosure of conflict of interest

Cliff Shunsheng Han is the founder and Owner 
of AllerPops Corp.

Address correspondence to: Dr. Cliff Shunsheng 
Han, AllerPops Corp, 1650 Trinity Dr. #103, Los 
Alamos, NM 87544, USA. Tel: 1-505-695-4236; 
E-mail: cliffhan@allerpops.com

References

[1] Hansel FK. Clinical and histopathologic studies 
of the nose and sinuses in allergy. J Allergy 
1929; 1: 28.

[2] Keith PK, Desrosiers M, Laister T, Schellenberg 
RR and Waserman S. The burden of allergic 
rhinitis (AR) in Canada: perspectives of physi-
cians and patients. Allergy Asthma Clin Immu-
nol 2012; 8: 7.

[3] Ng AE and Boersma P. Diagnosed allergic con-
ditions in adults: United States, 2021. NCHS 
Data Brief 2023; 1-8.

[4] Strachan DP. Hay fever, hygiene, and house-
hold size. BMJ 1989; 299: 1259-1260.

[5] von Mutius E. Allergies, infections and the hy-
giene hypothesis--the epidemiological evi-
dence. Immunobiology 2007; 212: 433-439.

[6] Wise SK, Lin SY, Toskala E, Orlandi RR, Akdis 
CA, Alt JA, Azar A, Baroody FM, Bachert C, Ca-
nonica GW, Chacko T, Cingi C, Ciprandi G, Co-
rey J, Cox LS, Creticos PS, Custovic A, Damask 
C, DeConde A, DelGaudio JM, Ebert CS, Eloy 
JA, Flanagan CE, Fokkens WJ, Franzese C, Gos-
epath J, Halderman A, Hamilton RG, Hoffman 
HJ, Hohlfeld JM, Houser SM, Hwang PH, Incor-
vaia C, Jarvis D, Khalid AN, Kilpeläinen M, 
Kingdom TT, Krouse H, Larenas-Linnemann D, 
Laury AM, Lee SE, Levy JM, Luong AU, Marple 
BF, McCoul ED, McMains KC, Melén E, Mims 
JW, Moscato G, Mullol J, Nelson HS, Patadia M, 
Pawankar R, Pfaar O, Platt MP, Reisacher W, 
Rondón C, Rudmik L, Ryan M, Sastre J, 
Schlosser RJ, Settipane RA, Sharma HP, 
Sheikh A, Smith TL, Tantilipikorn P, Tversky JR, 
Veling MC, Wang Y, Westman M, Wickman M 
and Zacharek M. International consensus 
statement on allergy and rhinology: allergic rhi-
nitis. Int Forum Allergy Rhinol 2018; 8: 108-
352.

[7] Melli LC, do Carmo-Rodrigues MS, Araújo-Filho 
HB, Solé D and de Morais MB. Intestinal micro-
biota and allergic diseases: a systematic re-
view. Allergol Immunopathol (Madr) 2016; 44: 
177-188.

[8] West CE, Jenmalm MC and Prescott SL. The 
gut microbiota and its role in the development 
of allergic disease: a wider perspective. Clin 
Exp Allergy 2015; 45: 43-53.

[9] Zhu L, Xu F, Wan W, Yu B, Tang L, Yang Y, Du Y, 
Chen Z and Xu H. Gut microbial characteristics 
of adult patients with allergy rhinitis. Microb 
Cell Fact 2020; 19: 171.

[10] Bach JF. The effect of infections on susceptibil-
ity to autoimmune and allergic diseases. N 
Engl J Med 2002; 347: 911-920.

[11] Abreu NA, Nagalingam NA, Song Y, Roediger 
FC, Pletcher SD, Goldberg AN and Lynch SV. 
Sinus microbiome diversity depletion and Co-
rynebacterium tuberculostearicum enrich-
ment mediates rhinosinusitis. Sci Transl Med 
2012; 4: 151ra124.

[12] Hoggard M, Biswas K, Zoing M, Wagner Mack-
enzie B, Taylor MW and Douglas RG. Evidence 
of microbiota dysbiosis in chronic rhinosinus-
itis. Int Forum Allergy Rhinol 2017; 7: 230-239.

[13] Lan F, Zhang N, Gevaert E, Zhang L and Bach-
ert C. Viruses and bacteria in Th2-biased aller-
gic airway disease. Allergy 2016; 71: 1381-
1392.

[14] Van Zele T, Gevaert P, Watelet JB, Claeys G, 
Holtappels G, Claeys C, van Cauwenberge P 
and Bachert C. Staphylococcus aureus coloni-
zation and IgE antibody formation to enterotox-

mailto:cliffhan@allerpops.com


Oral probiotic deficiency causes allergies

145 Am J Transl Res 2024;16(1):136-146

ins is increased in nasal polyposis. J Allergy 
Clin Immunol 2004; 114: 981-983.

[15] Shiomori T, Yoshida S, Miyamoto H and 
Makishima K. Relationship of nasal carriage of 
Staphylococcus aureus to pathogenesis of pe-
rennial allergic rhinitis. J Allergy Clin Immunol 
2000; 105: 449-454.

[16] Arbes SJ Jr and Matsui EC. Can oral pathogens 
influence allergic disease? J Allergy Clin Immu-
nol 2011; 127: 1119-1127.

[17] Card JW, Carey MA, Voltz JW, Bradbury JA, Fer-
guson CD, Cohen EA, Schwartz S, Flake GP, 
Morgan DL, Arbes SJ Jr, Barrow DA, Barros SP, 
Offenbacher S and Zeldin DC. Modulation of 
allergic airway inflammation by the oral patho-
gen Porphyromonas gingivalis. Infect Immun 
2010; 78: 2488-2496.

[18] Shunsheng Han C. A specific hygiene hypothe-
sis. Med Hypotheses 2016; 93: 146-149.

[19] Wongkamhaeng K, Poachanukoon O and 
Koontongkaew S. Dental caries, cariogenic mi-
croorganisms and salivary properties of aller-
gic rhinitis children. Int J Pediatr Otorhinolaryn-
gol 2014; 78: 860-5.

[20] Costa DJ, Marteau P, Amouyal M, Poulsen LK, 
Hamelmann E, Cazaubiel M, Housez B, Leuillet 
S, Stavnsbjerg M, Molimard P, Courau S and 
Bousquet J. Efficacy and safety of the probiotic 
Lactobacillus paracasei LP-33 in allergic rhini-
tis: a double-blind, randomized, placebo-con-
trolled trial (GA2LEN Study). Eur J Clin Nutr 
2014; 68: 602-607.

[21] Kawamoto S, Kaneoke M, Ohkouchi K, Amano 
Y, Takaoka Y, Kume K, Aki T, Yamashita S, 
Watanabe K, Kadowaki M, Hirata D and Ono K. 
Sake lees fermented with lactic acid bacteria 
prevents allergic rhinitis-like symptoms and 
IgE-mediated basophil degranulation. Biosci 
Biotechnol Biochem 2011; 75: 140-144.

[22] Ozdemir O. Various effects of different probi-
otic strains in allergic disorders: an update 
from laboratory and clinical data. Clin Exp Im-
munol 2010; 160: 295-304.

[23] Medina M, Villena J, Salva S, Vintiñi E, Langella 
P and Alvarez S. Nasal administration of  
Lactococcus lactis improves local and system-
ic immune responses against Streptococcus 
pneumoniae. Microbiol Immunol 2008; 52: 
399-409.

[24] West CE, Jenmalm MC, Kozyrskyj AL and 
Prescott SL. Probiotics for treatment and pri-
mary prevention of allergic diseases and asth-
ma: looking back and moving forward. Expert 
Rev Clin Immunol 2016; 12: 625-639.

[25] Han CS. Prebiotic lollipops promote oral probi-
otics resulting in lasting allergy relief. Oral  
probiotic deficiency is the cause of allergies. 
2019: https://allerpops.com/oral-probiotic-
deficiency-may-cause-common-allergies/. [cit-
ed 2023 May 29].

[26] Han S. Oral microbiota promoting method, 
USPTO, 2017. Patent number, US9795579B1.

[27] Brożek JL, Bousquet J, Agache I, Agarwal A, 
Bachert C, Bosnic-Anticevich S, Brignardello-
Petersen R, Canonica GW, Casale T, Cha-
vannes NH, Correia de Sousa J, Cruz AA, Cuel-
lo-Garcia CA, Demoly P, Dykewicz M, 
Etxeandia-Ikobaltzeta I, Florez ID, Fokkens W, 
Fonseca J, Hellings PW, Klimek L, Kowalski S, 
Kuna P, Laisaar KT, Larenas-Linnemann DE, 
Lødrup Carlsen KC, Manning PJ, Meltzer E, 
Mullol J, Muraro A, O’Hehir R, Ohta K, Panzner 
P, Papadopoulos N, Park HS, Passalacqua G, 
Pawankar R, Price D, Riva JJ, Roldán Y, Ryan D, 
Sadeghirad B, Samolinski B, Schmid-Grendel-
meier P, Sheikh A, Togias A, Valero A, Valiulis A, 
Valovirta E, Ventresca M, Wallace D, Waser-
man S, Wickman M, Wiercioch W, Yepes-Nuñez 
JJ, Zhang L, Zhang Y, Zidarn M, Zuberbier T and 
Schünemann HJ. Allergic Rhinitis and its Im-
pact on Asthma (ARIA) guidelines-2016 revi-
sion. J Allergy Clin Immunol 2017; 140: 950-
958.

[28] Ellis AK, Soliman M, Steacy L, Boulay MÈ, Bou-
let LP, Keith PK, Vliagoftis H, Waserman S and 
Neighbour H. The Allergic Rhinitis - Clinical In-
vestigator Collaborative (AR-CIC): nasal aller-
gen challenge protocol optimization for study-
ing AR pathophysiology and evaluating novel 
therapies. Allergy Asthma Clin Immunol 2015; 
11: 16.

[29] Margalias H, Patel P, Hilmer M, Dubins D, 
Brubaker M, Wall M, Drake M and Beezley S. 
Peak Nasal Inspiratory Flow and Total Nasal 
Symptom Score for placebo nasal spray in an 
allergic rhinitis Environmental Exposure Cham-
ber study. J Allergy Clin Immunol 2005; 115: 
S94.

[30] Backeljau T, De BL, De WH, Jordaens K, Van 
DS and Winnepennincks B. Multiple UPGMA 
and neighbor-joining trees and the perfor-
mance of some computer packages. Mol Biol 
Evol 1996; 13: 5.

[31] Lu R, Meng H, Gao X, Xu L and Feng X. Effect of 
non-surgical periodontal treatment on short 
chain fatty acid levels in gingival crevicular flu-
id of patients with generalized aggressive peri-
odontitis. J Periodontal Res 2014; 49: 574-
583.

[32] Paillard D, McKain N, Chaudhary LC, Walker 
ND, Pizette F, Koppova I, McEwan NR, Kopecný 
J, Vercoe PE, Louis P and Wallace RJ. Relation 
between phylogenetic position, lipid metabo-
lism and butyrate production by different Bu-
tyrivibrio-like bacteria from the rumen. Antonie 
Van Leeuwenhoek 2007; 91: 417-22.

[33] Adney WS and Jones RL. Evaluation of the 
RapID-ANA system for identification of anaero-
bic bacteria of veterinary origin. J Clin Microbi-
ol 1985; 22: 980-983.



Oral probiotic deficiency causes allergies

146 Am J Transl Res 2024;16(1):136-146

[34] Correa-Oliveira R, Fachi JL, Vieira A, Sato FT 
and Vinolo MA. Regulation of immune cell 
function by short-chain fatty acids. Clin Transl 
Immunology 2016; 5: e73.

[35] Zeller I, Malovichko MV, Hurst HE, Renaud DE 
and Scott DA. Cigarette smoke reduces short 
chain fatty acid production by a Porphyromon-
as gingivalis clinical isolate. J Periodontal Res 
2019; 54: 566-571.

[36] Moreno CM, Boeree E, Freitas CMT and Weber 
KS. Immunomodulatory role of oral microbiota 
in inflammatory diseases and allergic condi-
tions. Front Allergy 2023; 4: 1067483.

[37] Martin-Gallausiaux C, Marinelli L, Blottière HM, 
Larraufie P and Lapaque N. SCFA: mecha-
nisms and functional importance in the gut. 
Proc Nutr Soc 2021; 80: 37-49.

[38] Ho HE, Chun Y, Jeong S, Jumreornvong O, Si-
cherer SH and Bunyavanich S. Multidimension-
al study of the oral microbiome, metabolite, 
and immunologic environment in peanut aller-
gy. J Allergy Clin Immunol 2021; 148: 627-632, 
e3.

[39] Valm AM. The structure of dental plaque micro-
bial communities in the transition from health 
to dental caries and periodontal disease. J Mol 
Biol 2019; 431: 2957-2969.

[40] Snyder DL, Pollard M, Wostmann BS and Luck-
ert P. Life span, morphology, and pathology of 
diet-restricted germ-free and conventional 
Lobund-Wistar rats. J Gerontol 1990; 45: B52-
58.



Oral probiotic deficiency causes allergies

1 

Figure S1. CONSORT diagram of the clinical trial.

Table S1. Alpha diversity indices

Sample Observed 
species Shannon Simpson Chao1 ACE Goods 

coverage PD_whole_tree

OAO.003.V2 397 5.438 0.955 505.778 492.534 0.999 36.192
OAO.003.V3 342 4.617 0.923 413 404.043 0.999 27.375
OAO.003.V5 330 5.028 0.943 399.837 412.543 0.999 24.984
WKE.001.V2 354 5.253 0.949 424.222 435.868 0.999 37.577
WKE.001.V3 284 4.92 0.936 365.476 335.915 0.999 21.935
WKE.001.V5 291 5.344 0.953 324.6 328.664 0.999 26.451
J.C.007.V2 266 4.521 0.917 301.25 308.305 0.999 19.727
J.C.007.V3 324 4.792 0.924 395.5 382.606 0.999 22.979
MRB.005.V2 315 4.455 0.904 348.6 348.092 0.999 22
MRB.005.V3 295 4.415 0.913 346.037 335.366 0.999 19.693
MRB.005.V5 308 4.718 0.932 385.656 381.933 0.999 22.3
M.S.006.V2 300 4.989 0.934 319.194 323.168 1 20.534
M.S.006.V3 658 4.918 0.914 821.456 856.781 0.998 50.155
M.S.006.V5 567 4.434 0.886 739.068 732.48 0.998 44.672
GBM.002.V2 519 4.644 0.914 651 661.355 0.998 40.206
GBM.002.V3 544 4.198 0.851 737.5 746.441 0.998 45.482
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GBM.002.V5 484 4.622 0.921 637.3 655.692 0.998 41.478
JKL.013.V2 412 3.735 0.841 547 575.394 0.998 52.05
JKL.013.V3 469 4.621 0.91 576.408 591.117 0.998 43.569
PJC.020.V2 569 5.3 0.944 659.75 668.592 0.999 60.565
PJC.020.V3 516 4.942 0.921 641 628.939 0.998 38.131
PJC.020.V5 362 5.59 0.961 398.692 403.066 0.999 27.208
TMD.028.V2 735 4.753 0.848 876.117 880.454 0.998 99.532
TMD.028.V3 396 4.329 0.829 442.243 438.663 0.999 42.43
TMD.028.V5 430 5.532 0.948 481 486.639 0.999 59.962
A.T.023.V2 392 5.221 0.919 422.692 438.016 0.999 35.556
A.T.023.V3 388 5.555 0.953 484.871 463.245 0.999 43.316
A.T.023.V5 336 4.887 0.903 360.6 363.389 0.999 28.539
F.W.025.V2 288 4.309 0.909 321.786 317.945 0.999 24.153
F.W.025.V3 321 4.961 0.942 354.176 354.29 0.999 31.76
F.W.025.V5 369 5.097 0.941 407.5 411.078 0.999 32.026
D.H.022.V2 332 4.991 0.943 366.895 372.681 0.999 21.701
D.H.022.V3 342 4.948 0.931 409.097 399.452 0.999 29.052
G.S.047.V2 387 4.963 0.937 443.269 454.154 0.999 37.753
G.S.047.V3 343 4.308 0.871 404.737 403.428 0.999 29.916
G.S.047.V5 430 5.371 0.944 493.2 505.598 0.999 34.442
J.N.029.V2 364 5.095 0.944 425.568 424.372 0.999 25.991
J.N.029.V3 314 4.805 0.935 371.188 367.961 0.999 26.526
J.N.029.V5 388 5.294 0.946 426.077 425.39 0.999 39.171
C.M.021.V2 343 4.968 0.933 397.486 399.242 0.999 23.93
C.M.021.V3 327 5.075 0.943 364.276 360.218 0.999 21.828
C.M.021.V5 341 5.197 0.95 393.528 401.829 0.999 24.208
T.A.034.V2 352 5.181 0.934 419.536 402.126 0.999 41.797
T.A.034.V3 337 5.368 0.948 373.029 374.784 0.999 41.789
T.A.034.V5 375 5.609 0.958 446.079 441.294 0.999 33.865
BLS.035.V2 318 5.106 0.95 363.026 368.897 0.999 20.478
BLS.035.V3 311 5.01 0.944 370.429 372.441 0.999 21.004
BLS.035.V5 220 4.14 0.906 277.955 265.526 0.999 17.872
BSB.044.V2 330 5.234 0.955 410 387.478 0.999 22.818
BSB.044.V3 322 5.06 0.95 425.552 405.72 0.999 22.714
BSB.044.V5 292 5.014 0.944 323.41 337.657 0.999 20.763
C.N.045.V2 300 4.85 0.941 343.75 341.146 0.999 19.026
C.N.045.V5 286 4.799 0.937 315.562 318.37 0.999 18.176
T.V.031.V2 341 4.953 0.931 383.088 377.76 0.999 25.977
T.V.031.V3 311 4.821 0.93 351.182 349.987 0.999 22.955
T.V.031.V5 339 5.056 0.935 377.886 394.854 0.999 27.738
H.B.032.V2 323 4.778 0.925 353.154 358.395 0.999 29.403
H.B.032.V3 254 4.432 0.898 300.312 281.919 1 20.859
H.B.032.V5 206 4.316 0.897 239 230.191 1 16.539
W.K.014.V2 299 3.883 0.878 409.25 443.503 0.999 33.238
W.K.014.V3 307 4.396 0.887 354.517 353.77 0.999 19.197
W.K.014.V5 334 5.279 0.954 385.037 375.544 0.999 22.321
C.T.041.V2 326 4.302 0.899 383.303 379.337 0.999 26.35
C.T.041.V3 340 4.42 0.887 392.528 396.434 0.999 25.872
C.T.041.V5 369 4.295 0.883 410.109 418.554 0.999 50.205
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T.S.053.V2 309 4.447 0.904 362.2 361.746 0.999 19.87
T.S.053.V3 330 5.042 0.937 380.324 387.337 0.999 22.966
T.S.053.V5 301 4.745 0.92 339.077 337.029 0.999 19.377
FMG.056.V2 323 4.965 0.942 386.103 381.138 0.999 22.29
FMG.056.V3 311 5.382 0.944 350.808 350.379 0.999 33.097
FMG.056.V5 282 4.876 0.938 348.3 327.733 0.999 20.903
F.F.051.V2 274 3.933 0.859 310.75 312.326 0.999 19.765
F.F.051.V3 280 4.19 0.899 333.2 328.486 0.999 19.285
F.F.051.V5 300 4.509 0.914 357.097 360.125 0.999 29.576
COD.050.V2 315 4.542 0.909 345.028 347.713 0.999 25.618
COD.050.V3 389 4.629 0.892 489.636 463.151 0.999 36.574
COD.050.V5 280 4.134 0.893 337.652 318.805 0.999 20.74
FWD.057.V2 258 4.386 0.914 307.345 310.23 0.999 18.445
FWD.057.V3 289 4.503 0.924 362.182 365.186 0.999 20.024
FWD.057.V5 248 4.451 0.926 305.115 304.965 0.999 16.137
JBS.058.V2 250 4.218 0.893 272.941 279.862 1 16.445
JBS.058.V3 244 4.113 0.883 278.138 278.3 0.999 17.368
JBS.058.V5 333 5.266 0.951 344.6 349.001 1 22.911
EPE.067.V2 249 3.313 0.761 268.345 272.72 1 18.432
EPE.067.V3 313 4.442 0.9 341.286 344.729 0.999 25.733
EPE.067.V5 302 4.881 0.934 352.324 360.009 0.999 33.051
T.I.060.V2 337 5.293 0.946 380.062 381.87 0.999 29.833
T.I.060.V3 345 5.38 0.953 379.071 387.964 0.999 25.019
T.I.060.V5 345 5.065 0.928 377.237 378.384 0.999 34.5
L.G.038.V2 307 4.837 0.929 344.935 347.584 0.999 21.138
L.G.038.V3 303 4.742 0.924 330.364 333.434 0.999 19.131
L.G.038.V5 282 4.72 0.929 319.273 310.416 1 19.198
M.S.069.V2 307 4.845 0.938 334.237 342.566 0.999 22.367
M.S.069.V3 339 4.947 0.942 376.125 385.024 0.999 21.406
M.S.069.V5 322 4.881 0.939 385.103 370.348 0.999 22.954
SJL.074.V2 318 4.921 0.935 344.559 346.778 0.999 20.866
SJL.074.V3 308 4.978 0.943 344.964 341.404 0.999 21.884
SJL.074.V5 349 4.728 0.913 414.086 412.636 0.999 25.59
S.P.061.V2 369 4.876 0.921 416.229 409.148 0.999 26.507
S.P.061.V3 349 5.048 0.931 389.286 380.44 0.999 24.148
S.P.061.V5 380 5.431 0.954 420.923 426.82 0.999 25.462
AAG.048.V2 369 4.46 0.892 370.813 376.702 1 33.78
AAG.048.V3 346 5.287 0.953 378.229 376.994 0.999 22.858
AAG.048.V5 256 4.255 0.891 292.964 294.861 0.999 25.279
DLL.073.V2 248 3.925 0.851 287.516 295.709 0.999 27.863
DLL.073.V3 312 4.751 0.927 367.618 373.404 0.999 20.461
DLL.073.V5 230 4.272 0.9 260.37 268.083 1 23.561
K.D.082.V2 273 4.566 0.923 304.935 308.853 0.999 23.33
K.D.082.V3 320 4.687 0.922 358.897 355.347 0.999 25.124
K.D.082.V5 312 4.384 0.9 349.243 354.711 0.999 26.114
C.T.036.V2 321 4.992 0.941 354.15 362.047 0.999 22.435
C.T.036.V3 311 4.906 0.94 343.81 354.875 0.999 23.692
C.T.036.V5 253 4.625 0.935 288.636 295.103 0.999 21.126
A.K.100.V2 284 4.313 0.913 360.25 341.266 0.999 22.527
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A.K.100.V3 302 4.603 0.921 344.5 341.135 0.999 21.622
A.K.100.V5 293 4.446 0.915 371.964 360.466 0.999 20.91
E.P.076.V2 319 4.736 0.921 357.927 371.028 0.999 20.832
E.P.076.V3 328 4.987 0.925 362.138 360.007 0.999 24.492
E.P.076.V5 339 4.981 0.921 384.294 383.193 0.999 35.129
A.M.094.V2 333 4.63 0.895 366.108 369.685 0.999 23.512
A.M.094.V3 312 4.433 0.899 361.763 368.986 0.999 29.053
A.M.094.V5 343 4.193 0.855 387.688 402.395 0.999 29.52
A.M.104.V2 331 4.481 0.905 404.312 400.221 0.999 24.91
A.M.104.V3 338 4.624 0.913 362.07 370.844 0.999 22.702
A.M.104.V5 331 4.928 0.93 359.219 357.892 0.999 34.285
R.C.102.V2 358 5.102 0.943 409.383 420.928 0.999 53.637
R.C.102.V3 287 4.587 0.917 316.129 314.789 0.999 22.212
R.C.102.V5 313 4.828 0.928 357.333 363.147 0.999 30.836
MKR.064.V2 324 5.178 0.95 384.273 363.026 0.999 20.42
MKR.064.V3 296 4.852 0.937 333.935 333.948 0.999 25.457
MKR.064.V5 280 4.891 0.939 344.565 330.84 0.999 20.614
TSC.090.V2 329 5.024 0.937 370.438 366.65 0.999 20.525
TSC.090.V3 416 4.522 0.904 478.341 468.095 0.999 35.943
TSC.090.V5 356 5.092 0.939 401.818 413.192 0.999 38.791
NYT.070.V2 414 4.596 0.904 443.518 451.13 0.999 41.175
NYT.070.V3 215 4.314 0.907 231.24 237.708 1 29.123
NYT.070.V5 273 4.169 0.878 313.552 315.666 0.999 18.784
T.H.072.V2 377 5.361 0.952 477.037 442.07 0.999 51.75
T.H.072.V3 305 4.571 0.892 341.033 338.836 0.999 25.602
IJT.096.V2 306 4.715 0.919 366.273 348.228 0.999 27.172
IJT.096.V3 325 4.847 0.933 376.333 366.353 0.999 23.243
IJT.096.V5 294 4.655 0.933 353.032 352.654 0.999 26.458
R.L.097.V2 338 4.65 0.917 382.25 385.843 0.999 32.958
R.L.097.V3 311 4.637 0.904 349.636 352.695 0.999 20.494
R.L.097.V5 456 4.709 0.899 519.984 525.58 0.999 45.254
KTS.086.V2 272 4.136 0.891 310.281 310.983 0.999 24.788
KTS.086.V3 402 4.803 0.927 460.882 468.244 0.999 87.441
KTS.086.V5 294 4.639 0.93 309.283 319.744 1 23.926
B.H.093.V2 349 4.956 0.94 418.256 416.892 0.999 49.439
B.H.093.V3 298 4.528 0.907 339.438 337.729 0.999 42.133
B.H.093.V5 272 4.406 0.916 304.758 310.142 0.999 19.561
M.C.118.V2 427 4.551 0.891 472.56 473.414 0.999 45.161
M.C.118.V3 310 4.488 0.897 335.8 339.576 0.999 23.837
M.C.118.V5 318 4.187 0.884 377.094 373.218 0.999 25.692
C.V.116.V2 251 4.264 0.891 267.034 270.518 1 27.052
C.V.116.V3 233 4.175 0.886 270.625 270.127 0.999 21.075
C.V.116.V5 321 5.125 0.942 350.467 362.691 0.999 32.079
SHS.081.V2 240 4.278 0.907 283.062 292.388 0.999 24.59
SHS.081.V3 251 3.67 0.848 276.324 284.008 0.999 22.743
SHS.081.V5 294 4.855 0.933 332.333 326.747 0.999 35.238
D.N.124.V2 497 4.661 0.9 597.846 598.363 0.999 43.021
D.N.124.V3 308 5.013 0.938 318.324 323.15 1 28.231
D.N.124.V5 353 5.045 0.926 389.273 402.309 0.999 33.68
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A.R.115.V2 481 4.501 0.902 548.9 563.153 0.999 38.062
A.R.115.V3 354 5.338 0.954 390.429 390.554 0.999 28.558
A.R.115.V5 372 5.062 0.943 469.9 460.435 0.999 34.753
A.K.114.V2 319 5.302 0.954 349 350.254 0.999 21.627
A.K.114.V3 306 5.136 0.955 344.278 346.355 0.999 26.768
A.K.114.V5 307 5.324 0.96 340.387 338.838 0.999 27.937
N.A.132.V2 312 4.719 0.911 354.774 355.699 0.999 33.485
N.A.132.V3 313 5.016 0.938 340.774 342.939 0.999 21.982
N.A.132.V5 605 5.247 0.933 697.959 699.9 0.999 52.087
T.Y.105.V2 282 4.898 0.929 310.636 306.985 1 19.968
T.Y.105.V3 294 4.377 0.891 319.8 328.474 0.999 22.524
T.Y.105.V5 272 4.281 0.879 296.667 296.921 1 25.455
S.A.092.V2 276 4.407 0.903 311.69 311.97 0.999 20.177
S.A.092.V3 318 5.179 0.947 350.047 364.427 0.999 21.025
S.A.092.V5 302 4.784 0.925 345.676 355.284 0.999 27.828
J.N.099.V2 503 5.461 0.954 586.081 598.959 0.999 42.663
J.N.099.V3 297 4.818 0.937 330.781 331.409 0.999 20.872
J.N.099.V5 310 5.309 0.95 327 331.412 1 27.938
NCA.119.V2 287 4.054 0.892 316.562 315.633 0.999 21.025
NCA.119.V3 346 4.874 0.937 391.917 387.629 0.999 24.647
NCA.119.V5 346 4.536 0.913 402 397.223 0.999 24.611
M.P.131.V2 284 5.114 0.949 301.233 314.161 1 19.506
M.P.131.V3 298 4.782 0.933 326.447 332.498 0.999 24.57
JJD.121.V2 522 5.17 0.932 601.217 601.751 0.999 35.044
JJD.121.V3 528 5.26 0.94 571.13 582.962 0.999 36.512
JJD.121.V5 490 4.653 0.896 661.651 612.218 0.999 33.852
AMM.134.V2 291 4.921 0.94 325.182 335.113 0.999 22.955
AMM.134.V3 290 4.653 0.929 330.286 329.289 0.999 21.931
AMM.134.V5 308 4.859 0.937 357.214 353.187 0.999 22.01
D.S.135.V2 334 4.752 0.916 420.059 413.516 0.999 24.218
D.S.135.V3 253 4.006 0.844 281.889 281.883 1 16.975
D.S.135.V5 270 4.801 0.94 309.808 305.912 0.999 21.764
SML.138.V2 500 4.852 0.927 603.109 590.12 0.999 33.248
SML.138.V3 605 5.069 0.912 668.462 678.739 0.999 37.032
SML.138.V5 473 4.884 0.926 555.787 570.139 0.999 31.604
J.Y.136.V2 475 4.848 0.929 570.509 565.913 0.999 38.185
J.Y.136.V3 305 3.909 0.879 349.8 358.781 0.999 28.321
J.Y.136.V5 453 4.696 0.915 514.873 515.593 0.999 30.09
SSO.143.V2 428 4.317 0.891 472.531 482.299 0.999 32.111
SSO.143.V3 438 4.043 0.853 513.362 522.751 0.999 33.396
SSO.143.V5 384 4.015 0.865 411.051 419.746 0.999 30.831
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Figure S2. UPGMA cluster tree based on Weighted Unifrac distance.


