Minerva Gastroenterologica e Dietologica 2020 June;66(2):117-23

DOI: 10.23736/S1121-421X.19.02651-5
Copyright © 2019 EDIZIONI MINERVA MEDICA

ORIGINAL ARTICLE

Impact of a two-bacterial-strain formula,
containing Bifidobacterium animalis lactis BB-12
and Enterococcus faecium L3, administered
before and after therapy for Helicobacter
pylori eradication

Francesco DI PIERRO ' *, Alexander BERTUCCIOLI 2, Mariella SAPONARA 3, Leandro IVALDI 4

"Velleja Research, Milan, Italy; 2Department of Biomolecular Sciences (DISB), University of Urbino, Urbino, Italy; SASL
CN1, Cuneo, ltaly; ‘Department of Digestive Endoscopy, Ceva Hospital, Ceva, Cuneo, Italy

*Corresponding author: Francesco Di Pierro, Velleja Research, Milan, Italy. E-mail: f.dipierro@vellejaresearch.com

ABSTRACT

BACKGROUND: Results from the meta-analysis of randomized controlled studies demonstrate that the adjuvant use
of probiotics enhances the rate of Helicobacter pylori (Hp) eradication, reducing concomitantly the occurrence of side
effects, mainly diarrhea. Bifidobacterium animalis lactis BB-12 and Enterococcus faecium L3 are two bacterial strains
reported to clinically improve the rate of Hp eradication, reducing concomitantly the occurrence of side effects.
METHODS: Due to our pragmatic and routine use of these two strains as an adjuvant therapy to antibiotics and
proton pump inhibitors (PPIls) during attempted Hp eradication, we have analyzed retrospectively their impact on the
outcome.

RESULTS: Our results, obtained through a highly pragmatic clinical approach, demonstrate that the probiotic add-on
therapy before and after the triple or quadruple therapy to eradicate Hp increases eradication rates and reduces side
effects. Moreover, even if observed in only a small cohort of patients, the treatment seems to improve the eubiosis of
the gut microbial consortium.

CONCLUSIONS: Administration of BB-12 and L3 strains as an adjuvant regimen during Hp eradication therapy has
better success than conventional therapy (antibiotics plus a PPI) alone.

(Cite this article as: Di Pierro F, Bertuccioli A, Saponara M, Ivaldi L. Impact of a two-bacterial-strain formula,
containing Bifidobacterium animalis lactis BB-12 and Enterococcus faecium L3, administered before and after
therapy for Helicobacter pylori eradication. Minerva Gastroenterol Dietol 2020;66:117-23. DOI: 10.23736/S1121-
421X.19.02651-5)
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Indications for Helicobacter pylori (Hp) eradication therapy include peptic ulcer disease, low-grade
gastric mucosa-associated lymphoid tissue lymphoma, atrophic gastritis, and after resection of early
gastric cancer. Furthermore, eradication therapy is considered an option in functional dyspepsia, in
first-degree relatives of gastric cancer patients, or before starting long-term therapy with nonsteroidal
anti-inflammatory drugs or acetylsalicylic acid.” Amoxicillin, or metronidazole or tinidazole, and
clarithromycin plus a proton pump inhibitor (PPI), well known as a 7-day concomitant triple therapy,
have long been considered the first-line choice for Hp eradication. Some researchers propose that
this regimen should be avoided owing to increasing resistance and still having a failure rate of up to
30%.%* A 10-day concomitant therapy and 10-day sequential therapy have been reported to obtain
better results.5 In most regions of the world, a 4-drug treatment, also known as quadruple therapy,
consisting of a PPI, bismuth, metronidazole or tinidazole, and tetracycline provides the best results,



with the rate for lack of eradication lying between 10% and 20%.¢ However, the quadruple therapy is
considered somewhat more aggressive, causing more severe side effects, and some patients do not
seem to be the right candidates for this therapy, at least as a first-line therapy.”

Therefore, the application of adjuvant approaches to improving the efficacy of triple (sequential or
concomitant) and quadruple therapy, reducing at the same time — as much as possible — the
incidence of side effects, is considered clinically important. Results from the meta-analysis of
randomized controlled studies demonstrate that the adjuvant use of probiotics enhances the rate of
Hp eradication, reducing concomitantly the occurrence of side effects, mainly diarrhea.®'"° From the
second half of 2017, in order to improve the rate of Hp eradication and to reduce the occurrence of
side effects, we have used in our routine practice a nutraceutical product containing

both Bifidobacterium animalis lactis BB-12 and Enterococcus faecium L3. Both of these probiotic
strains have indeed been clinically described to have an anti-Hp effect, while the BB-12 strain has
also been shown to reduce diarrhea episodes in subjects treated with antibiotics and a PPl to
eradicate Hp."""'® This study is therefore the retrospective analysis of the results that we have
obtained from Hp treatment between June 2017 and May 2019 by administering, in addition to PPI
and antibiotic therapy, these two strains for 14 days before and 4 weeks after the use of
conventional therapies.'”

Materials and methods
Study design and aim

Our study corresponds to a retrospective analysis of the data obtained from our pragmatic and
routine procedures conducted at the Digestive Endoscopy Dept. at Ceva Hospital (Ceva, Cuneo,
Italy) between June 2017 and May 2019. The aim of the study was to investigate the role played by
a nutraceutical product containing Bifidobacterium animalis lactis BB-12 and Enterococcus
faecium L3 as an adjuvant to the therapy for eradicating Hp. All patient data were completely
anonymized and the study was performed in accordance with the ethical standards established by
the Declaration of Helsinki and by the local institutional committee. Despite the retrospective and
anonymized features of the study, all patients provided signed informed consent to publish the
results.

Patient selection and Hp detection

Subjects aged over 18 eligible for our study were patients with persistent gastroduodenal symptoms
testing positive for Hp infection. Detection was always carried out by an endoscopic procedure, with
biopsies of gastric tissue for histological assessment. To validate Hp eradication, 8 weeks after the
last PPl dose, we used either the urea breath test or fecal antigen tests (primarily the latter). The
following patients were not included in our retrospective analysis: those who had ingested bismuth
salts, PPIs, or antibiotics in the previous 8 weeks; those with a known allergy to penicillin (or to
antibiotics in general); and those who had undergone previous gastrointestinal surgery. Patients with
a past history of gastric malignancy were also excluded.

Treatment scheme

Each patient, according to his/her own medical history and physician opinion, was treated to
eradicate Hp either with a 10-day sequential scheme (5 days with a PPI, twice a day, along with 1 g
of amoxicillin, twice a day also, followed by 5 days, with PPI as described before, with clarithromycin
500 mg, twice a day, along with tinidazole 500 mg, twice a day) with or without a probiotic product (2
weeks before and 4 weeks after the sequential scheme described above, at a dose of 1 sachet mid-
morning) or with a 10-day treatment with a PPI, twice a day, along with bismuth (140 mg x 12/day),
tetracycline (125 mg x 12/day), and metronidazole (125 mg % 12/day) with or without the same dose
of the probiotic product described above. The add-on therapy with probiotics was suggested by the
physician to all patients, especially to those demonstrating anxiety about the therapy, or fear of the
possible side effects, or who experienced other gastrointestinal symptoms, such as persistent mushy
fecal consistency or considerable digestive difficulties. In any case, only approximately 50% of
patients agreed to the additional probiotic treatment, probably because of the long duration (6
weeks), or the cost of the proposed regimen. It was recommended that the probiotic treatment run
for 2 weeks before the triple or quadruple therapy and for 4 weeks after the end of the therapy; that
is, 4 weeks before the new Hp assessment (Figure 1). Side effect evaluation was scheduled



immediately after the end of the PPI plus antibiotic therapy. Patients were also asked to take note of
possible side effects of the probiotic, communicating these to the responsible physician throughout
the course of the administration.
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Figure 1.—Treatment scheme.
Group sizes

Our retrospective study compared 4 treatment groups: A) 10-day sequential therapy; B) 10-day
sequential therapy plus probiotic; C) 10-day concomitant therapy; D) 10-day concomitant therapy
plus probiotic. Due to the retrospective nature of our study, we have analyzed only those patients
ending the study with a declared adherence to therapy of not less than 95%. We have therefore
evaluated the eradication rate according to a “per protocol analysis” and not according to an
“intention-to-treat analysis”. Completing the entire therapy regimen were, respectively, 38, 35, 42,
and 46 subjects. Seven patients from Groups A (6) and B (1) who demonstrated unsuccessful
eradication were later inserted into Group D.

Analyzed parameters

As previously mentioned, the successful eradication of Hp was defined by the absence of fecal
antigen or by a negative *C-urea breath test. Drug tolerability (0—10) and side effects in all groups
were recorded at the end of the triple or quadruple therapy. At the end of the study, the microbiota of
some patients underwent analysis at MyMicrobiota, Pontenure, Piacenza, Italy. The protocols for
sample collection, bacterial DNA extraction, 16S rRNA gene PCR amplification, sequencing, and the
relevant database adopted by the laboratory are reported elsewhere.’®?' For the identification of the
observed operational taxonomic unit (OTU), an identity threshold of 100% for the amplicon genetic
sequence was used.

Product



The probiotic product used in our study corresponds to iNatal Duo® sachets. Each sachet contains
not less than 5 billion colony forming units (CFU) of Enterococcus faecium L3 (LMG P-27496) and 2
billion CFU of Bifidobacterium animalis lactis BB-12 (DSM 15954). The product is manufactured by
Procemsa (Nichelino, Turin, Italy) and traded by the Pharmextracta S.p.A. (Pontenure, Piacenza,
Italy). The product was notified to the ltalian Health Authorities in 2016 (March), with the notification
number 84053. For the 10-day sequential therapy, mono-ingredient generic drugs were used. For
the 10-day concomitant therapy, commonly known as quadruple, Pylera (Allergan Pharmaceuticals,
Dublin, Ireland) was used.

Statistical analysis

The difference in terms of outcome was determined using the two-tailed Wilcoxon-Mann-Whitney
test. The difference between serial percentages of stool bacteria within the same group was tested
by the paired t-test. The statistical software used was JMP 10 for Mac OsX and the threshold for
statistical significance was 95%.

Results

The demographic features of the analyzed patients and the side effects of the therapies are reported
in Table I. As can be seen, the groups are overlapping in terms of the main characteristics. Very
significant differences in the reported side effects are demonstrated within the two pairs of groups.
Probiotic administration reduced the incidence of nearly all side effects reported. Among these,
some reductions were highly significant, namely vomiting, constipation, diarrhea, and bad taste in
the mouth. Proportionally, tolerability was also higher in the two groups where probiotics were
administered as an adjuvant therapy. Eradication rates, as determined using a per protocol analysis,
are shown in Table Il. Sequential therapy was successful in 31 subjects out of 38; the add-on with
probiotics rendered the therapy successful in 33 of 35 subjects, with a difference of approximately
13% between the two groups. Quadruple therapy resulted in eradication in 37 of 42 subjects; the
add-on with probiotics led to an eradication rate of 45 of 46, with a difference of approximately 9%
between the two groups. Table Ill shows the difference in terms of the gut microbiota. The analysis
was performed on several subjects from each group and the analytical report appears to be too
complex to be completely evaluated (the MyMicrobiota report describes several hundreds of taxa).
We have thus evaluated in our retrospective analysis the a-biodiversity only, through rarefaction
curves, which incorporate the total number of OTUs, along with some selected taxa (those
modifiable by probiotic administration, either directly or through mechanisms of co-variance). As
shown, the rarefaction curves appear to be lower, meaning less gut richness, in groups A and C, and
significantly higher in groups B and D where probiotics were administered. All probiotic

taxa, Bifidobacterium, Enterococcus, Lactobacillus, Lactococcus, and Streptococcus were
significantly higher in the two groups supplemented with probiotics, excepting Streptococcus in
Group B where just a tendency was observed. Escherichia, because of the existence of the

strain Escherichia coli Nissle 1917, traded in Europe as Mutaflor®, could be considered a
“probiotic.”2 Conversely, its presence in the gut microbiota, can have, especially with very high
values, a negative meaning also. As can be seen, a significantly higher abundance

of Escherichia was found in the groups where probiotics were not administered, possibly
demonstrating a substantial worsening of the microbiota composition.

TABLE |.—Demographic features (averagetstandard deviation) and reported side effects in the four study groups.
Parameter C(%r\rlo:gsl)\ Group B (N.=35) P valuéa)(A vs. ?,:10222(): ?IIIO:EGI)D ((P; \‘/gllug)
Age, years 51.2+11.4 53.41£10.6 NS 49.8+10.7 50.7£12.5 NS
Sex ratio, M/F 20/18 18/17 NS 20/22 22/24 NS
BMI, kg/m2 24.614.3 25.243.9 NS 23.9+3.4 24.2+3.6 NS
Side effects*

Nausea 4 2 NS 7 3 NS

Vomiting 6 1 <0.05 8 2 <0.05




Constipation 6 0 <0.01 9 1 <0.01
Diarrhea 7 1 <0.01 10 2 <0.01
Bad taste in mouth 8 2 <0.01 15 7 <0.01
Headache 3 2 NS 3 1 NS
Fatigue 3 2 NS 4 1 NS
Poor sleep quality 3 3 NS 5 2 NS
Total side effects 40 13 <0.05 61 19 <0.01
Tolerability 6.8+0.8 8.940.5 <0.05 5.242.0 8.1¢1.4 <0.01

BMI: Body Mass Index; Group A: sequential therapy only; Group B: sequential therapy plus probiotic; Group C: quadruple therapy; Group
D: quadruple therapy plus probiotic; NS: not significant.
*Number of subjects having reported a side effect for at least one day.

TABLE Il.—Eradication rates for Helicobacter pylori infection in the four study groups.

Parameter Group A Group B | P value (A vs. Group C Group D P value

(N.=38) (N.=35) B) (N.=42) (N.=46) (C vs. D)
N. of subjects 31 33 <0.05 37 45 <0.05
Percentage of subjects 81.6% 94.3% 88.1% 97.8%

Group A: sequential therapy only; Group B: sequential therapy plus probiotic; Group C: quadruple therapy; Group D: quadruple therapy plus
probiotic.

TaBLE lll.—Evaluation of rarefaction curves and probiotic taxa in fecal samples from some of the patients from the
four groups at the end of treatment.
Microbiota parameters Group A (N.=10) ?,\rlo:%? (i Y/illug) Group C (N.=11) G('r\lo:1p3l)3 ((P; \‘/gllug)
Biodiversity (N. of OTUs) 110+35 132129 <0.05 102439 138131 <0.01
Bifidobacterium, % 0.00114 0.96383 <0.001 0.00036 0.82965 | <0.001
Enterococcus, % Undetected 0.02342 <0.001 Undetected 0.03298 | <0.001
Lactobacillus, % 0.00042 0.04356 <0.001 Undetected 0.03987 | <0.001
Lactococcus, % 0.00523 0.02343 <0.001 0.00087 0.01546 | <0.001
Streptococcus, % 0.38872 0.42356 NS 0.13221 0.29342 <0.05
Escherichia, % 2.34431 1.00983 <0.05 4.12435 1.19763 <0.01

Group A: sequential therapy only; Group B: sequential therapy plus probiotic; Group C: quadruple therapy; Group D: quadruple therapy plus
probiotic; OTU: operational taxonomic unit.

Discussion

This study is the retrospective analysis of the results that we, through our routine practice, have
obtained in Hp treatment between June 2017 and May 2019 by adding, to PPI and antibiotic therapy,
a probiotic product containing two strains, Bifidobacterium animalis lactis BB-12 and Enterococcus
faecium L3. These have been described to play a role, when co-administered with a PPl and
antibiotics, in reducing the clinical detection of Hp and in decreasing side effects also. According to
our results, the probiotic adjuvant therapy indeed significantly reduced the occurrence of side effects
by more than 60%, and significantly improved eradication rates by approximately

13% versus sequential therapy, and by approximately 9% versus quadruple therapy. Such a
difference is likely due to the greater efficacy of the 10-day concomitant regime versus the 10-day
sequential one. It is worth noting that seven patients previously treated with sequential therapy (six
subjects, within Group A) and with sequential therapy plus probiotic (one subject, within Group B),
who did not demonstrate successful Hp eradication, were re-enrolled in the study with all seven



subjects incorporated in the quadruple therapy plus probiotic arm (Group D). Following this, Hp
eradication was seen in all seven subjects (data not shown in detail; that is, separate from Table ).
Treatment with the probiotic product also seemed to improve the composition of the gut consortium.
Despite the microbiota data being derived from only 10-13 subjects per group, largely because of the
high cost of the analysis, the results clearly show a difference in terms of the microbiota composition
between the groups treated with antibiotics and those also treated with colonizing probiotics. The
rarefaction curves, higher in the probiotic groups, can in fact be interpreted as superior gut richness,
a condition described as gut wellness. Moreover, all of the probiotic taxa, the two administered with
the product (Bifidobacterium and Enterococcus) and the three not administered, which were also
probably higher due to co-variance effects, had a significantly greater representation; this condition
is also commonly described as gut wellness. Conversely, Escherichia taxa, often described as being
inflammatory taxa within the gut microbial consortium, were more abundant in the two groups not
administered probiotics as an add-on therapy. We believe that probiotic administration is responsible
for the beneficial effects described here (fewer side effects, better eradication rates, improvement of
the microbiota composition) through multiple mechanisms. Strain L3 is capable of a direct
antagonistic effect against Hp by the release of different bacteriocins that cause membrane stress in
pathogens and that induce pore formation, leading to the loss of cytoplasm from the cell and the
entry of water into the cell, resulting in bacterial lysis.?* Strain L3 has also been reported to increase
the gut content of Lactobacillus and Bifidobacterium, ensuring a better gut microbiota and a reduced
likelihood of diarrhea.?* Strain BB-12 has been widely reported to increase the total count of

gut Bifidobacterium, thereby improving the whole gut consortium.?* BB-12 has also been described
as reducing the gut presence of bacteria known to be strong producers of Hz, which Hp is known to
use for nourishment. 2

Limitations of the study

We are aware that our retrospective study has limitations that could have influenced our
conclusions. First of all, this has not been a prospective, randomized, double-blind, placebo-
controlled clinical trial where the findings would be of greater significance. Second, our observations
have been carried out on only 161 patients, divided into four groups, where seven patients were
counted twice. However, we do not think that our trial scheme, not using probiotics during the
antibiotic regimen, limits the validity of our results. As for any other bacterial strain used as a
probiotic, both strain BB-12 and strain L3 are highly sensitive to the antibiotics used.?:2

Conclusions

However, despite all these, and perhaps more limitations, we believe that our study allows us to
confirm the general efficacy of probiotics both in reducing side effects due to the therapies
commonly used to eradicate Hp and in increasing the eradication rate of Hp. Of course, this is
particularly applicable to the two strains (BB-12 and L3) administered here. Moreover, even if a
larger number of patients is surely needed, our findings also highlight a possible positive effect
exerted by these two strains on gut microbiota composition. In conclusion, add-on therapy with
probiotics, at least in our experience, is possibly a useful medical tool in the eradication of Hp.

References

1. Malfertheiner P, Megraud F, O’'Morain C, Bazzoli F, EI-Omar E, Graham D, et al. Current concepts in the
management of Helicobacter pylori infection: the Maastricht Il Consensus Report. Gut 2007;56:772—
81. PubMed https://doi.org/10.1136/gut.2006.101634

2. Rimbara E, Fischbach LA, Graham DY. Optimal therapy for Helicobacter pylori infections. Nat Rev Gastroenterol
Hepatol 2011;8:79-88. PubMed https://doi.org/10.1038/nrgastro.2010.210

3. Malfertheiner P, Megraud F, O’'Morain CA, Atherton J, Axon AT, Bazzoli F, et al.; European Helicobacter Study
Group. Management of Helicobacter pylori infection—the Maastricht IV/ Florence Consensus

Report. Gut 2012;61:646—64. PubMed https://doi.org/10.1136/gutjnl-2012-302084

4. Della Monica P, Lavagna A, Masoero G, Lombardo L, Crocella L, Pera A. Effectiveness of Helicobacter pylori
eradication treatments in a primary care setting in Italy. Aliment Pharmacol Ther 2002;16:1269—

75. PubMed https://doi.org/10.1046/j.1365-2036.2002.01244 .x

5. Kim BJ, Lee H, Lee YC, Jeon SW, Kim GH, Kim HS, et al.; Korean College of Helicobacter Upper Gastrointestinal
Research. Ten-day concomitant, 10-day sequential, and 7-day triple therapy as first-line treatment for Helicobacter
pylori infection: a nationwide randomized trial in Korea. Gut Liver 2019;13:531—

40. PubMed https://doi.org/10.5009/gni19136



6. Zagari RM, Rabitti S, Eusebi LH, Bazzoli F. Treatment of Helicobacter pylori infection: A clinical practice

update. Eur J Clin Invest 2018;48:e12857. PubMed https://doi.org/10.1111/eci.12857

7. Berning M, Krasz S, Miehlke S. Should quinolones come first in Helicobacter pylori therapy? Therap Adv
Gastroenterol 2011;4:103-14. PubMed https://doi.org/10.1177/1756283X10384171

8. Feng JR, Wang F, Qiu X, McFarland LV, Chen PF, Zhou R, et al. Efficacy and safety of probiotic-supplemented
triple therapy for eradication of Helicobacter pylori in children: a systematic review and network meta-analysis. Eur J
Clin Pharmacol 2017;73:1199-208. PubMed https://doi.org/10.1007/s00228-017-2291-6

9. Fang HR, Zhang GQ, Cheng JY, Li ZY. Efficacy of Lactobacillus-supplemented triple therapy for Helicobacter
pylori infection in children: a meta-analysis of randomized controlled trials. Eur J Pediatr 2019;178:7—

16. PubMed https://doi.org/10.1007/s00431-018-3282-z

10. LU M, Yu S, Deng J, Yan Q, Yang C, Xia G, et al. Efficacy of probiotic supplementation therapy for Helicobacter
pylori eradication: a meta-analysis of randomized controlled trials. PLoS

One 2016;11:e0163743. PubMed https://doi.org/10.1371/journal.pone.0163743

11. de Vrese M, Kristen H, Rautenberg P, Laue C, Schrezenmeir J. Probiotic lactobacilli and bifidobacteria in a
fermented milk product with added fruit preparation reduce antibiotic associated diarrhea and Helicobacter pylori
activity. J Dairy Res 2011;78:396—403. PubMed https://doi.org/10.1017/S002202991100063X

12. Sheu BS, Cheng HC, Kao AW, Wang ST, Yang YJ, Yang HB, et al. Pretreatment with Lactobacillus- and
Bifidobacterium-containing yogurt can improve the efficacy of quadruple therapy in eradicating residual Helicobacter
pylori infection after failed triple therapy. Am J Clin Nutr 2006;83:864—

9. PubMed https://doi.org/10.1093/ajcn/83.4.864

13. Sheu BS, Wu JJ, Lo CY, Wu HW, Chen JH, Lin YS, et al. Impact of supplement with Lactobacillus- and
Bifidobacterium-containing yogurt on triple therapy for Helicobacter pylori eradication. Aliment Pharmacol

Ther 2002;16:1669—75. PubMed https://doi.org/10.1046/j.1365-2036.2002.01335.x

14. Wang KY, Li SN, Liu CS, Perng DS, Su YC, Wu DC, et al. Effects of ingesting Lactobacillus- and Bifidobacterium-
containing yogurt in subjects with colonized Helicobacter pylori. Am J Clin Nutr 2004;80:737—41. PubMed

15. Suvorov A. Gut microbiota, probiotics, and human health. Biosci Microbiota Food Health 2013;32:81—

91. PubMed https://doi.org/10.12938/bmfh.32.81

16. Baryshnikova NV, Uspenskiy YP, Suvorov A. Eradication of H. pylori infection: past, present, and future. J Clin
Gastroenterol Treat 2016;2:1-11.

17. Di Pierro F. Bacterial therapy to help eradicate Helicobacter pylori and to reduce the gastrointestinal side effects
of antibiotics: a possible treatment scheme. Nutrafoods 2017;16:193—4.

18. Milani C, Hevia A, Foroni E, Duranti S, Turroni F, Lugli GA, et al. Assessing the fecal microbiota: an optimized ion
torrent 16S rRNA gene-based analysis protocol. PLoS

One 2013;8:e68739. PubMed https://doi.org/10.1371/journal.pone.0068739

19. Caporaso JG, Kuczynski J, Stombaugh J, Bittinger K, Bushman FD, Costello EK, et al. QIIME allows analysis of
high-throughput community sequencing data. Nat Methods 2010;7:335—

6. PubMed https://doi.org/10.1038/nmeth.f.303

20. Callahan BJ, McMurdie PJ, Rosen MJ, Han AW, Johnson AJ, Holmes SP. DADAZ2: high-resolution sample
inference from lllumina amplicon data. Nat Methods 2016;13:581-3. PubMed https://doi.org/10.1038/nmeth.3869

21. Bokulich NA, Kaehler BD, Rideout JR, Dillon M, Bolyen E, Knight R, et al. Optimizing taxonomic classification of
marker-gene amplicon sequences with QIIME 2’s gq2-feature-classifier

plugin. Microbiome 2018;6:90. PubMed https://doi.org/10.1186/s40168-018-0470-z

22. Scaldaferri F, Gerardi V, Mangiola F, Lopetuso LR, Pizzoferrato M, Petito V, et al. Role and mechanisms of action
of Escherichia coli Nissle 1917 in the maintenance of remission in ulcerative colitis patients: an update. World J
Gastroenterol 2016;22:5505—11. PubMed https://doi.org/10.3748/wjg.v22.i24.5505

23. Ermolenko El, Chernysh Al, Martsinkovskaia IV, Suvorov AN. [Influence of probiotic enterococci on the growth of
Streptococcus agalactiae]. Zh Mikrobiol Epidemiol Immunobiol 2007;5:73-7. Russian. PubMed

24. L o Skiavo LA, Gonchar NV, Fedorova MS, Suvorov AN. [Dynamics of contamination and persistence of
Clostridium difficile in intestinal microbiota in newborn infants during antibiotic therapy and use of probiotic strain
enterococcus faecium L3]. Antibiot Khimioter 2013;58:13-8. Russian. PubMed

25. Jungersen M, Wind A, Johansen E, Christensen JE, Stuer-Lauridsen B, Eskesen D. The Science behind the
Probiotic Strain Bifidobacterium animalis subsp. lactis BB-12(®). Microorganisms 2014;2:92—

110. PubMed https://doi.org/10.3390/microorganisms2020092

26. Olson JW, Maier RJ. Molecular hydrogen as an energy source for Helicobacter pylori. Science 2002;298:1788—
90. PubMed https://doi.org/10.1126/science.1077123

27. Neut C, Mahieux S, Dubreuil LJ. Antibiotic susceptibility of probiotic strains: is it reasonable to combine probiotics
with antibiotics? Med Mal Infect 2017;47:477-83. PubMed https://doi.org/10.1016/j.medmal.2017.07.001

28. European Food Safety Authority. Opinion of the Scientific Panel on Additives and Products or Substances used in
Animal Feed on the updating of the criteria used in the assessment of bacteria for resistance to antibiotics of human
or veterinary importance — adopted on 25 May 2005. EFSA J 2005;223:1-12.

Conflicts of interest—Francesco Di Pierro is part of the scientific board of Pharmextracta. All other authors have no
conflicts of interest.



Authors’ contributions.—Conceptualization: Francesco Di Pierro, Alexander Bertuccioli, Leandro Ivaldi. Methodology:
Leandro Ivaldi, Mariella Saponara. Formal analysis: Leandro Ivaldi, Francesco Di Pierro. Data analysis: Leandro
Ivaldi, Mariella Saponara. Manuscript drafting: Francesco Di Pierro.

History.— Article first published online: April 8, 2020. - Manuscript accepted: December 11, 2019. - Manuscript
received: December 2, 2019.



