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Strus, M. Special Issue “An Update

on Lactobacillus”: Editorial.

Microorganisms 2023, 11, 1400.

https://doi.org/10.3390/

microorganisms11061400

Received: 23 February 2023

Revised: 19 May 2023

Accepted: 19 May 2023

Published: 26 May 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

microorganisms

Editorial

Special Issue “An Update on Lactobacillus”: Editorial
Piotr Heczko *, Łucja Kozień * and Magdalena Strus
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As indicated in the introduction to this Special Issue, as of 2020, the original genus
Lactobacillus comprised over 260 recognized species, a figure which is probably much higher
now. These species are extremely diverse at the phenotypic, ecological, and genotypic
levels. Therefore, a new taxonomy within the Lactobacillaceae family has been proposed, and
now the former genus Lactobacillus has been re-classified into 25 genera, with the addition
of 23 novel genera. Fortunately for all researchers working on different questions related to
medicine, nutrition, etc., the generic terms Lactobacillus and ‘lactobacilli’ will remain useful
to designate all organisms that were classified as Lactobacillaceae until 2020 [1].

Most of the evidence supporting the idea of the leading role of the Lactobacillus genus in
the housekeeping of human and animal health derives from articles on probiotics aimed at
elucidating the mechanisms of their functional activities. Therefore, the terms Lactobacillus
and probiotic bacteria are often regarded as synonymous, which should be avoided in
research articles. It is, of course, not possible to expand the data obtained in studies of
probiotic strains regarding all of the Lactobacillus strains that are contact with human body
surfaces and/or anchored in various ecological niches. It is, however, possible to speculate
that many properties which have been attributed to the individual probiotic Lactobacillus
may be a common characteristic of the whole species. Historically, probiotic lactobacilli
were isolated at random from different niches of the healthy human microbiome and
then characterized; therefore, it is highly probable that there are many Lactobacillus strains
sharing the same properties as well-known probiotic strains that are active in the human
microbiome but remain undetected/uncharacterized [2].

Accumulating data demonstrate that the gut microbiome contributes to early-life
imprinting, particularly through its effects on the developing immune system [3]. Although
the underlying molecular mechanisms of this neonatal priming period in humans have
not been defined, thanks to new animal experiments, there are new data showing that the
mechanisms of acquiring the gut microbiota in infancy depend on interactions between
bacterial and host factors. This suggests that the timing of bacterial arrival in the gut is
very important in shaping the gut microbiome. This is the case for the Lactobacillus bacteria:
they form the dominant part of the vaginal microbiota in the late period of pregnancy, but
they are also present in high numbers in human milk [4]. Thus, lactobacilli numerically
overshadow all other genera, including Bifidobacterium, in colonizing neonatal mucosal
and skin surfaces at birth during passage though the vagina and its Lactobacillus-rich
microbiota, and then after labour during feeding, with the mother’s breast milk containing
high numbers of lactobacilli [5]. Thus, proper timing and proper bacteria are the crucial
factors that may determine the successful artificial colonization of neonates at risk [6]. In
spite of a large number of randomized placebo-controlled clinical trials and observational
cohort studies including more than 50,000 preterm infants from 29 countries that have
demonstrated a decrease in the risk of necrotizing enterocolitis, death, and sepsis, routine
prophylactic probiotic administration to preterm infants remains uncommon in much of
the world [7]. An article published in this Special Issue presents new data regarding the
successful colonization of extremely preterm neonates after supplementation with a new
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strain of Limosilactobacillus reuteri [8], although this species was previously considered as
less colonization-efficient in comparison with others [9].

On the contrary to the above, Lacticaseibacillus paracasei strain Shirota has been the
object of over 500 scientific studies and is considered as one of the most researched probiotic
strains, originally selected in 1930 by Doctor Minoru Shirota, and fully characterized and
commercialized about twenty years later. The discovery of the gut–brain axis prompted
researchers to study its mechanisms and the effectiveness of Lactobacillus probiotics in
ameliorating depressive symptoms. The gut–brain axis refers to bidirectional communi-
cation between the brain and the gut, and is related to alterations in the gut microbiota
composition [10]. Furthermore, L. paracasei Shirota strain was also investigated in clinical
studies to check its anti-depressive activity [11]. The intervention-associated reduction in
depressive symptoms was associated with the gut microbiota, and was more pronounced
when Bifidobacterium and Atopobium clusters of the Actinobacteria phylum were maintained
at higher counts.

It is well documented that the human vaginal microbiota is composed of several
dozens of bacterial species, with a distinct predominance of several Lactobacillus strains
efficiently controlling the remaining members of the microbiota by direct means, i.e., the
production of lactic and other acids able to kill other bacteria [12,13].

However, it is not yet known if and how the dominant lactobacilli control atypical
bacteria that are not members of the microbiota and invade the vagina as result of sexual
contacts, as Chlamydia trachomatis does [14]. The literature on this subject is rather scanty
and different mechanisms are proposed: the induction of anti-inflammatory cytokines [15]
or the expression of α5β1 integrin in cervical cells [16], and more recently, the production of
biosurfactant by Lactobacillus crispatus, as published and presented in this Special Issue [17].

There is also a rapidly accumulating bulk of the literature that is focused on lactobacilli
in human and animal foods; in fact, this large research area is also strictly related to health,
and contains important and valuable information for industry both in the technological
and economic sense. Thus, it is worth indicating here that Lactobacillaceae are the most
often domesticated bacteria for nourishment. During the domestication process, microbes
gained the capacity to efficiently consume particular nutrients, cope with a multitude of
industry-specific stress factors, and produce desirable compounds, often at the cost of a
reduction in fitness in their original, natural environments [18]. Historically, lactobacilli
fermenting a practically unlimited varieties of plants, dairy products, fish, and meat were
recognized as useful bacteria just after the discovery of the microbial world in the last
century. In this way, examples such as the domesticated yoghurt producer Lactobacillus
delbrueckii ssp. bulgaricus or the meat- and fish-fermenting Latilactobacillus sakei were
discovered and characterized [19,20]. Discoveries of new domesticated Lactobacillus species
are announced continuously. Moreover, the availability of whole-genome sequencing data,
combined with an expansive experimental toolbox, allows researchers to generate novel,
superior variants in the laboratory [18]. A very good example of this new approach to the
domestication of the industrially important Lactiplantibacillus plantarum is presented in this
Special Issue [21]. This example shows that although L. plantarum bacteria does not readily
utilize plant fructo-oligosaccharides, they may create them efficiently in the presence of
cranberry polyphenols. This may provide next-generation synergistic symbiotic approaches
that incorporate adjunct substrates such as cranberry polyphenols. Cranberries are often
used in polyphenol-enriched food products, which have been reported to be effective in
addressing obesity, inflammation, and cardiovascular disease, and more specifically have
been included in dietary supplements used to prevent urinary tract infections, since they
inhibit the adhesion of uropathogenic Escherichia coli to the urinary epithelium [22].

Author Contributions: Conceptualization, P.H. and M.S.; software, Ł.K.; resources, Ł.K.; writing—
original draft preparation, P.H.; writing—review and editing, Ł.K.; supervision, M.S. All authors
have read and agreed to the published version of the manuscript.

Data Availability Statement: Not applicable.



Microorganisms 2023, 11, 1400 3 of 3

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Zheng, J.; Wittouck, S.; Salvetti, E.; Franz, C.M.A.P.; Harris, H.M.B.; Mattarelli, P.; O’toole, P.W.; Pot, B.; Vandamme, P.; Walter,

J.; et al. A Taxonomic Note on the Genus Lactobacillus: Description of 23 Novel Genera, Emended Description of the Genus
Lactobacillus Beijerinck 1901, and Union of Lactobacillaceae and Leuconostocaceae. Int. J. Syst. Evol. Microbiol. 2020, 70, 2782–2858.
[CrossRef] [PubMed]

2. O’Callaghan, J.; O’Toole, P.W. Lactobacillus: Host-Microbe Relationships. Curr. Top. Microbiol. Immunol. 2013, 358, 119–154.
[CrossRef] [PubMed]

3. Hornef, M.W.; Torow, N. ‘Layered Immunity’ and the ‘Neonatal Window of Opportunity’—Timed Succession of Non-Redundant
Phases to Establish Mucosal Host–Microbial Homeostasis after Birth. Immunology 2020, 159, 15–25. [CrossRef] [PubMed]

4. Soto, A.; Martín, V.; Jiménez, E.; Mader, I.; Rodríguez, J.M.; Fernández, L. Lactobacilli and Bifidobacteria in Human Breast Milk:
Influence of Antibiotherapy and Other Host and Clinical Factors. J. Pediatr. Gastroenterol. Nutr. 2014, 59, 78–88. [CrossRef]

5. Lyons, K.E.; Ryan, C.A.; Dempsey, E.M.; Ross, R.P.; Stanton, C. Breast Milk, a Source of Beneficial Microbes and Associated
Benefits for Infant Health. Nutrients 2020, 12, 1039. [CrossRef]

6. Wójkowska-Mach, J.; Chmielarczyk, A.; Strus, M.; Lauterbach, R.; Heczko, P. Neonate Bloodstream Infections in Organization for
Economic Cooperation and Development Countries: An Update on Epidemiology and Prevention. J. Clin. Med. 2019, 8, 1750.
[CrossRef]

7. Underwood, M.A.; Mukhopadhyay, S.; Lakshminrusimha, S.; Bevins, C.L. Neonatal Intestinal Dysbiosis. J. Perinatol. 2020,
40, 1597–1608. [CrossRef] [PubMed]

8. Spreckels, J.E.; Wejryd, E.; Marchini, G.; Jonsson, B.; de Vries, D.H.; Jenmalm, M.C.; Landberg, E.; Sverremark-Ekström, E.; Martí,
M.; Abrahamsson, T. Lactobacillus reuteri Colonisation of Extremely Preterm Infants in a Randomised Placebo-Controlled Trial.
Microorganisms 2021, 9, 915. [CrossRef]

9. van den Akker, C.H.P.; van Goudoever, J.B.; Szajewska, H.; Embleton, N.D.; Hojsak, I.; Reid, D.; Shamir, R. Probiotics for Preterm
Infants: A Strain-Specific Systematic Review and Network Meta-Analysis. J. Pediatr. Gastroenterol. Nutr. 2018, 67, 103–122.
[CrossRef] [PubMed]

10. Giuffrè, M.; Moretti, R.; Campisciano, G.; da Silveira, A.B.M.; Monda, V.M.; Comar, M.; di Bella, S.; Antonello, R.M.; Luzzati, R.;
Crocè, L.S. You Talking to Me? Says the Enteric Nervous System (Ens) to the Microbe. How Intestinal Microbes Interact with the
Ens. J. Clin. Med. 2020, 9, 3705. [CrossRef]

11. Otaka, M.; Kikuchi-Hayakawa, H.; Ogura, J.; Ishikawa, H.; Yomogida, Y.; Ota, M.; Hidese, S.; Ishida, I.; Aida, M.; Matsuda,
K.; et al. Microorganisms Effect of Lacticaseibacillus paracasei Strain Shirota on Improvement in Depressive Symptoms, and Its
Association with Abundance of Actinobacteria in Gut Microbiota. Microorganisms 2021, 9, 1026. [CrossRef] [PubMed]

12. Atassi, F.; Pho Viet Ahn, D.L.; Lievin-Le Moal, V. Diverse Expression of Antimicrobial Activities Against Bacterial Vaginosis and
Urinary Tract Infection Pathogens by Cervicovaginal Microbiota Strains of Lactobacillus gasseri and Lactobacillus crispatus. Front.
Microbiol. 2019, 10, 290.0. [CrossRef] [PubMed]

13. Ravel, J.; Gajer, P.; Abdo, Z.; Schneider, G.M.; Koenig, S.S.K.; McCulle, S.L.; Karlebach, S.; Gorle, R.; Russell, J.; Tacket, C.O.; et al.
Vaginal Microbiome of Reproductive-Age Women. Proc. Natl. Acad. Sci. USA 2011, 108, 4680–4687. [CrossRef] [PubMed]

14. Witkin, S.S.; Linhares, I.M. Why Do Lactobacilli Dominate the Human Vaginal Microbiota? BJOG 2017, 124, 606–611. [CrossRef]
15. Valenti, P.; Rosa, L.; Capobianco, D.; Lepanto, M.S.; Schiavi, E.; Cutone, A.; Paesano, R.; Mastromarino, P. Role of Lactobacilli and

Lactoferrin in the Mucosal Cervicovaginal Defense. Front. Immunol. 2018, 9, 376. [CrossRef]
16. Parolin, C.; Frisco, G.; Foschi, C.; Giordani, B.; Salvo, M.; Vitali, B.; Marangoni, A.; Calonghi, N. Lactobacillus crispatus BC5

Interferes with Chlamydia trachomatis Infectivity through Integrin Modulation in Cervical Cells. Front. Microbiol. 2018, 9, 2630.
[CrossRef]

17. Foschi, C.; Parolin, C.; Giordani, B.; Morselli, S.; Luppi, B.; Vitali, B.; Marangoni, A. Lactobacillus crispatus BC1 Biosurfactant
Counteracts the Infectivity of Chlamydia trachomatis Elementary Bodies. Microorganisms 2021, 9, 975. [CrossRef]

18. Steensels, J.; Gallone, B.; Voordeckers, K.; Verstrepen, K.J. Domestication of Industrial Microbes. Curr. Biol. 2019, 29, R381–R393.
[CrossRef]

19. Van De Guchte, M.; Penaud, S.; Grimaldi, C.; Barbe, V.; Bryson, K.; Nicolas, P.; Robert, C.; Oztas, S.; Mangenot, S.; Couloux, A.;
et al. The Complete Genome Sequence of Lactobacillus bulgaricus Reveals Extensive and Ongoing Reductive Evolution. FEMS
Microbiol. Rev. 2006, 12, 9274–9279. [CrossRef]

20. Lücke, F.-K. Utilization of Microbes to Process and Preserve Meat. Meat Sci. 2000, 52, 105–115. [CrossRef]
21. Özcan, E.; Rozycki, M.R.; Sela, D.A. Cranberry Proanthocyanidins and Dietary Oligosaccharides Synergistically Modulate

Lactobacillus Plantarum Physiology. Microorganisms 2021, 9, 656. [CrossRef] [PubMed]
22. Foo, L.Y.; Lu, Y.; Howell, A.B.; Vorsa, N. The Structure of Cranberry Proanthocyanidins Which Inhibit Adherence of Uropathogenic

P-Fimbriated Escherichia Coli in Vitro. Phytochemistry 2000, 54, 173–181. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1099/ijsem.0.004107
https://www.ncbi.nlm.nih.gov/pubmed/32293557
https://doi.org/10.1007/82_2011_187
https://www.ncbi.nlm.nih.gov/pubmed/22102141
https://doi.org/10.1111/imm.13149
https://www.ncbi.nlm.nih.gov/pubmed/31777069
https://doi.org/10.1097/MPG.0000000000000347
https://doi.org/10.3390/nu12041039
https://doi.org/10.3390/jcm8101750
https://doi.org/10.1038/s41372-020-00829-2
https://www.ncbi.nlm.nih.gov/pubmed/32968220
https://doi.org/10.3390/microorganisms9050915
https://doi.org/10.1097/MPG.0000000000001897
https://www.ncbi.nlm.nih.gov/pubmed/29384838
https://doi.org/10.3390/jcm9113705
https://doi.org/10.3390/microorganisms9051026
https://www.ncbi.nlm.nih.gov/pubmed/34068832
https://doi.org/10.3389/fmicb.2019.02900
https://www.ncbi.nlm.nih.gov/pubmed/31921075
https://doi.org/10.1073/pnas.1002611107
https://www.ncbi.nlm.nih.gov/pubmed/20534435
https://doi.org/10.1111/1471-0528.14390
https://doi.org/10.3389/fimmu.2018.00376
https://doi.org/10.3389/fmicb.2018.02630
https://doi.org/10.3390/microorganisms9050975
https://doi.org/10.1016/j.cub.2019.04.025
https://doi.org/10.1073/pnas.0603024103
https://doi.org/10.1016/S0309-1740(00)00029-2
https://doi.org/10.3390/microorganisms9030656
https://www.ncbi.nlm.nih.gov/pubmed/33810188
https://doi.org/10.1016/S0031-9422(99)00573-7
https://www.ncbi.nlm.nih.gov/pubmed/10872208

	References

