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Abstract: As an extraordinarily diverse group of bacteria, lactobacilli are now classified into several 11 

genera, many of which still include “Lactobacillus” in their names. Despite the names, this group of 12 

lactic acid bacteria comprises microorganisms that are crucial for human health, especially during 13 

the early development of the human microbiota and immune system. The interactions between lac- 14 

tobacilli and components of the mucosal immunity lead to its shaping and development, which is 15 

possibly considered a prime mover in the advancement of the human immune system. Although 16 

much of the evidence backing the pivotal role of lactobacilli in maintaining human health comes 17 

from studies on probiotics aiming to elucidate mechanisms of their functional activities and studies 18 

on mucosal immunity on germ-free mice, it is justifiable to extend observations on properties of the 19 

individual probiotic Lactobacillus related to health benefits onto other strains sharing common char- 20 

acteristic of the species. In this review, we will discuss acquisition, presence and functions of lacto- 21 

bacilli in different human microbiota throughout the whole life including those arising in amnion 22 

and their interactions with mucosal and immune cells. Examples of immune system modulation by 23 

probiotic lactobacilli include their colonic competition for available nutrients, interference with col- 24 

onization sites, competition for binding sites on gut epithelial cells, bacteriocin production, reduc- 25 

tion of colonic pH, and nonspecific stimulation of the immune system. 26 
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 28 

1. Introduction 29 

The Lactobacillus group (sensu lato) represented by over two hundred species and now 30 

classified into dozens of new genera [1] is among the most widely distributed taxa on 31 

Earth. It is present in practically all viable environments in different climate zones and 32 

comes into close interactions with multicellular host organisms, ranging from plants to 33 

primates. This unusual versatility of Lactobacillus bacteria is subsequent to its adaptability 34 

to various life conditions thanks to flexibility of their core metabolic pathways. These 35 

pathways include pyruvate metabolism, carbohydrate transport and metabolism, the pro- 36 

teolytic system, amino acid metabolism, and protein synthesis. This metabolic flexibility 37 

allows Lactobacilli to adjust protein levels in response to varying environmental condi- 38 

tions, enabling their survival and growth across diverse ecological niches [2]. Moreover, 39 

beyond general stress responses and regulatory mechanisms, specific metabolic pathways 40 

can be selectively activated or deactivated, leading to changes in the behavior of the 41 

strains [3]. One of the most well recognized Lactobacillus species found in different fer- 42 

mentation products but also in the human gut microbiome, thanks to its capabilities of 43 

adaptation and genome plasticity is L. (Lactiplantibacillus) plantarum [4].  44 

Research on probiotics, aimed at uncovering their functional mechanisms, provides 45 

much of the evidence emphasizing the critical role of the Lactobacillus group in the 46 
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housekeeping of human health. Although extending these findings to all Lactobacillus 47 

strains that inhabit human body surfaces or diverse ecological niches is challenging, it is 48 

reasonable to speculate that the beneficial properties observed in specific probiotic strains 49 

might be broadly characteristic of the species. Given that probiotic lactobacilli were his- 50 

torically isolated at random from different niches within the healthy human microbiome 51 

and subsequently characterized, it is likely that many other Lactobacillus strains with sim- 52 

ilar properties exist in the human microbiome but have yet to be identified or studied. 53 

The human gastrointestinal (GI) tract is home to a diverse and ever-changing array 54 

of microorganisms, including the gut microbiota, which play a crucial role in maintaining 55 

host homeostasis and regulating metabolic functions. Analysis of various metagenomic 56 

studies has revealed a total of 2,172 distinct microbial species present in humans, catego- 57 

rized into 12 phyla. Of these, a significant majority—93.5%—are classified under the Pro- 58 

teobacteria, Firmicutes, Actinobacteria, and Bacteroidetes phyla. Within this population, 59 

386 species are known to be strictly anaerobic and are predominantly located in the GI 60 

tract [5]. A comprehensive catalog of the gut microbiome's functional potential has re- 61 

cently been created, identifying a total of 9,879,896 genes from a combination of 249 newly 62 

sequenced and 1,018 previously published samples [6]. Despite not being the predomi- 63 

nant group in the adult human gut microbiome, lactobacilli are essential for the early de- 64 

velopment of this microbiome. 65 

It has been acknowledged for over a century that the gut microbiome plays a crucial 66 

role in health, a concept first explored through Metchnikoff's groundbreaking research on 67 

lactic acid bacteria, particularly Lactobacillus delbrueckii ssp. Bulgaricus [7]. Recent years 68 

have brought an increasing number of data which causes appreciation of the infant gut 69 

microbiome and especially on the critical window of its highly dynamic maturation. Re- 70 

cent findings shed light on the significant influence of the gut microbiome on early life 71 

development, with a particular focus on how it affects the maturation of the immune sys- 72 

tem [8]. While the precise molecular processes involved in neonatal priming in humans 73 

remain unclear, recent animal research indicates that the way infants acquire their gut 74 

microbiota is shaped by the interplay between bacterial and host factors. Therefore, the 75 

timing of bacterial colonization seems to be crucial for the development of the gut micro- 76 

biome. For instance, Lactobacillus species are abundant in the vaginal microbiota during 77 

the final stages of pregnancy and are also present in large numbers in human milk. Con- 78 

sequently, at birth, lactobacilli outnumber other genera, such as Bifidobacterium, when col- 79 

onizing the mucosal and skin surfaces of newborns. This initial colonization happens 80 

through exposure to the Lactobacillus-rich environment of the vagina during delivery and 81 

is further supported by breastfeeding, which provides additional lactobacilli from the 82 

mother's milk. 83 

Colonization of the neonate surfaces with Firmicutes with predominance of lactoba- 84 

cilli, but also bifidobacteria and coagulase-negative staphylococci has also an immediate 85 

effect on the neonate innate immunity by activation of its different mechanisms, exempli- 86 

fied by stimulation of production of the tight-junction proteins by gut epithelial cells, re- 87 

sulting in gut impermeability for proteins and other macroparticles but also bacteria and 88 

thus preventing bacterial translocation from the gut lumen to lymphatics and blood- 89 

stream. In preterm neonates, especially those with low and very low birth weights, the 90 

lack of gut tightness often leads to neonatal sepsis [9-11]. Current understanding of gut 91 

colonization suggests that the beneficial microbiota, transferred from the adult host to the 92 

neonate, is established during early infancy. This early microbial community has lasting 93 

effects, extending into adulthood and providing protection against systemic infections. 94 

Therefore, both the timing and selection of bacterial strains are critical for the effective 95 

artificial colonization of at-risk neonates. The success of this strategy is likely to improve 96 

as we identify these and other influential factors in humans and validate the outcomes of 97 

artificial colonization through clinical trials [12]. 98 

2. Early gut colonization: sources of lactobacilli 99 
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There is more and more evidence showing that DNA from Lactobacillus, Bifidobacte- 100 

rium and other mostly anaerobic bacteria is found in most placenta samples from appar- 101 

ently healthy labors. There are also studies that have found living bacteria in the placenta 102 

and amniotic fluid, although their presence in these tissues seems to be related to chori- 103 

oamnionitis and in utero inflammation [13]. Thus, at the moment it is safer to accept that 104 

bacterial DNA is transferred horizontally from mother to fetus across the placenta under 105 

normal physiological conditions. Unmethylated CpG oligodeoxynucleotide motifs within 106 

bacterial DNA induce immune responses. Toll-like receptor 9 is activated by specific CpG 107 

motifs, which then trigger Th-1-type immune reactions. Even though newborns are gen- 108 

erally viewed as immunologically underdeveloped, exposure to bacterial DNA might in- 109 

fluence and shape their immune system during fetal development earlier than was once 110 

believed [14]. Although there are studies indicating a presence of viable bacteria, but not 111 

lactobacilli, in amniotic fluid, evidence is not strong enough to accept that this is a physi- 112 

ological mechanism of maternal – fetal transfer of the bacteria [15, 16].   113 

From the moment of birth and in the hours that follow, through interactions with the 114 

external environment, such as breathing, breastfeeding, and contact with parents and 115 

healthcare providers, the baby’s mouth is exposed to numerous microbes. This exposure 116 

initiates the process of permanent colonization of the oral cavity during the postpartum 117 

period. Within just twenty-four hours, the first microorganisms, known as pioneer spe- 118 

cies, begin to establish themselves in the infant’s mouth. At this early stage, the oral cavity 119 

is most commonly colonized by Gram-positive cocci, particularly Streptococcus, Staphylo- 120 

coccus, and Lactobacillus sensu lato [17, 18].  121 

In fact, literature on oral microbiota just after birth is based on studies done in the 122 

previous century, and what is even worse, using only qualitative cultures [18]. Despite  123 

rather simple and non-accurate methods it was possible to demonstrate that bacterial 124 

strains obtained from the mother's vagina and newborn's mouth were identical [19]. It 125 

seems that most of the organisms present in the newborn oral cavity represent only plank- 126 

tonic but not resident part of the microbiota and that some species which are extremely 127 

rarely found in a healthy vagina at birth may represent hospital pathogens. These bacteria 128 

do not form early gut microbiota found in meconium which is very similar to amniotic 129 

and vaginal microbiota. Using a modern sequencing approach, He et al. found various 130 

Lactobacillus operational taxonomic units (OTUs) together with diverse strict anaerobic 131 

taxons OTUs but not those of Staphylococcus [20].              132 

After birth, breast milk is crucial for establishing bacterial colonization in the infant’s 133 

gut. During the lactation period, the gut undergoes a progressive and sequential coloni- 134 

zation by various microbial communities, transitioning from an aerobic, milk-focused mi- 135 

crobiome in infancy to a more complex, adult-like microbiome as the child grows [21]. 136 

Human milk is a primary source of bacteria for breastfed infants; between 105 and 107 137 

bacteria are ingested daily by a baby consuming about 800 mL/day of milk. Notably, via- 138 

ble Lactobacillus and Bifidobacterium species are common in the milk of women who have 139 

not been treated with antibiotics, with their DNA detectable in most milk samples [22]. 140 

Species such as L. gasseri, L. salivarius, L. reuteri, L. fermentum, and B. breve are found to be 141 

more frequent among the bacteria isolated from human milk compared to others. The or- 142 

igins of these bacteria in breast milk are still debated, with research exploring various 143 

potential pathways, including retrograde backflow and the possibility of a neonatal gut- 144 

to-mother mammary gland pathway [23, 24].  145 

3. Further steps in the development of the gut microbiota 146 

The gut microbiota of vaginally delivered neonates resembles the vaginal microbi- 147 

ome, with high populations of Lactobacillus sensu lato and Prevotella species [25]; other bac- 148 

teria, such as the members of the Enterobacteriaceae family, that is Escherichia or Klebsiella, 149 

and Gram-positive cocci are also present. Occurrence of both last groups, which are fac- 150 

ultative pathogens, poses a danger of the neonatal sepsis, especially in low-birth-weight 151 

newborns [11]. As individuals age, the diversity of the gut microbiota expands until it 152 



Microorganisms 2024, 12, x FOR PEER REVIEW 4 of 12 
 

 

stabilizes into a mature adult composition. This adult microbiota is primarily character- 153 

ized by dominance of three bacterial phyla and is shaped by factors such as genetics, en- 154 

vironment, diet, lifestyle, and gut physiology. By around three years of age, the composi- 155 

tion and diversity of a child’s gut microbiota closely resemble those of adults [26]. As 156 

noted before, Lactobacillus sensu lato species found in the gut microbiota, although in rela- 157 

tively small numbers, appear to be crucial for supporting the overall health of the organ- 158 

ism. 159 

4. Lactobacilli in the adult gut microbiota 160 

The human gut microbiome primarily consists of three bacterial phyla: Bacteroidetes 161 

(Porphyromonas, Prevotella), Firmicutes (Ruminococcus, Clostridium, and Eubacterium), and 162 

Actinobacteria (Bifidobacterium). While lactobacilli and other facultative anaerobic taxa are 163 

present in relatively low quantities within the gut, their regulatory functions in maintain- 164 

ing the gut microbiota are disproportionately significant. This importance has been high- 165 

lighted by numerous studies focusing on probiotics that contain Lactobacillus [27]. Histor- 166 

ically one of the mechanisms of the Lactobacillus – microbiota interactions involve exerting 167 

growth-promoting factors for the other microorganisms which was the first idea on pro- 168 

biotics as proposed by Lilly and Stilwell in 1965 [28]. Lactobacillus sensu lato bacteria, after 169 

successful early colonization of the gut, become long-life members of the gut microbiota 170 

although their numbers as well numbers of bifidobacteria decrease in elderly persons [29]. 171 

Again, there are multiple clinical trials with Lactobacillus- (and Bifidobacterium-) containing 172 

probiotics showing that supplementation of the elderly gut microbiota with such bacteria 173 

leads to restoration of the gut microbiota composition but may also prevent development 174 

of the gut carcinoma [30]. Besides genetic aberrations and non-coding RNA, disruptions 175 

in gut microbiota, known as dysbiosis, play a role in the development of colon cancer. 176 

Among various interventions, lactic acid bacteria, including Lactobacillus sensu lato, have 177 

been extensively researched as probiotics for their potential in cancer prevention [6].             178 

After effectively colonizing the gut, lactobacilli engage in direct communication with 179 

human epithelial cells. For instance, they trigger transcriptional modifications in the gut 180 

epithelium, leading to changes in the expression of numerous genes within just a few 181 

hours following oral administration. Most of the human genes involved in down- or up- 182 

regulation by lactobacilli are coding for fatty acid metabolism and cellular growth and 183 

development [31]. In relation to regulation of the gut immune response, lactobacilli induce 184 

anti-inflammatory activities related to NF-kappa B complex [32]. Moreover, animal stud- 185 

ies also indicate that presence of Lactobacillus sensu lato is associated with the growth of 186 

beneficial gut microbiota. The phyla Firmicutes and Bacteroidetes form the core microbi- 187 

ota, accounting for over 90% of the known phylogenetic groups present in the healthy gut 188 

of breastfed mice, a composition that closely mirrors the core microbiota in human infants 189 

[33]. Lactate produced by microbes strongly induces colonic hyperproliferation in mice, 190 

with this effect being most evident after a short-term period of starvation. Additionally, 191 

lactate serves as a crucial energy source for small intestinal stem cells, enabling them to 192 

maintain their capacity for proliferation and differentiation, as shown in organoid models 193 

[34].   194 

Another significant, although not restricted to this group, function of Lactobacillus in 195 

human gut microbiota which positively influences health is production of vitamin K2 196 

(menaquinone). This property was mentioned already 30 years ago in the fundamental 197 

work on its synthesis by Bentley and Meganathan [35]. Later on, it was revealed that yo- 198 

ghurt-fermenting lactobacilli produce menaquinone-7 [36]. However, contemporary data, 199 

although confirming the important role of the gut bacteria in vitamin K2 synthesis, do not 200 

link it to particular genera. This remains to be elucidated in the light of the actual bacterial 201 

taxonomy.        202 

Alterations in gut microbiota composition are observed in various disease conditions, 203 

including cardiovascular disease, cancer, type 2 diabetes mellitus, obesity, colitis, asthma, 204 

psychiatric and inflammatory disorders, gut-brain axis disturbances, and numerous 205 
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immune-related issues. Consequently, modulating the gut microbiota through probiotic 206 

bacteria, particularly those from the Lactobacillus genus, may help address a variety of 207 

health challenges. In fact, a range of degenerative diseases, such as obesity, diabetes, can- 208 

cer, cardiovascular conditions, liver diseases, and inflammatory bowel disease (IBD), have 209 

been shown to be preventable by various Lactobacillus sensu lato strains from different spe- 210 

cies [27]. 211 

5. The role of Lactobacilli in gut innate and local immunity 212 

Initial interactions with pioneer bacteria may play a crucial role in determining sub- 213 

sequent gut maturation, as well as in shaping metabolic and immune responses, ulti- 214 

mately influencing both short- and long-term health outcomes [37].  215 

Newborns enter the world with an underdeveloped and naive acquired immune sys- 216 

tem, and several aspects of their innate mucosal immunity are not fully matured. As a 217 

result, the innate immune components found in human milk play a critical role in sup- 218 

porting the mucosal barrier of the infant's developing gut. Through breastfeeding, moth- 219 

ers supply their infants with numerous protective agents, some of which have been iden- 220 

tified as Lactobacillus sensu lato strains in laboratory infection models [38].  221 

As with other aspects of the interactions between lactobacilli and the human organ- 222 

ism, most of the information on Lactobacillus sensu lato on immunity comes from studies 223 

on probiotic lactobacilli on animal models. There are multiple studies showing that pro- 224 

biotic lactobacilli contribute to the host's well-being by enhancing the balance of intestinal 225 

microflora and potentially strengthening the host's defense mechanisms. The mechanism 226 

by which innate immunity is stimulated in mammals and birds relies on NF-kappaB and 227 

p38 MAPK signaling pathways, as demonstrated on mice, cows, pigs and chickens [39- 228 

43]. It is obvious that this property is not restricted to probiotic strains of lactobacilli, alt- 229 

hough it is highly individualized among strains.   230 

It is commonly agreed, especially in food science, that intestinal homeostasis in which 231 

local gut immunity plays an important role, can be reestablished by consuming supple- 232 

ments that contain fermented dairy products. These products often contain beneficial mi- 233 

crobes, such as probiotics, predominantly from the Lactobacillus sensu lato genera. Multiple 234 

studies done on different Lactobacillus sensu lato strains commonly stress how crucial they 235 

are in modulating the gut immune response within both the innate and mucosal immune 236 

systems, such as T, B, and NK lymphocytes [44]. It has been shown that a very broad group 237 

of the Lactobacillus strains representing different species show common characteristics.  238 

These include the ability to activate an inflammatory response in macrophages in vitro 239 

through mechanisms involving the production of proinflammatory mediators, such as cy- 240 

tokines and reactive oxygen species (ROS), as well as involvement in signaling pathways, 241 

including NF-kappaB and TLR2 [45-46].  242 

On the other hand, the regulatory functions of lactobacilli in the gut promote the 243 

production of anti-inflammatory cytokines, which has also been found [45] to positively 244 

impact chronic gastrointestinal issues. The work of probiotic lactobacilli in modulating 245 

the inflammatory response from the gut mucosa has also been demonstrated in patients 246 

with inflammatory bowel disease (IBD), highlighting their beneficial role in managing 247 

such conditions [47]. It should be noted that it is commonly accepted that IBD is linked to 248 

alterations in the composition and metabolism of the intestinal microbiota, known as 249 

dysbiosis, which interact with host genetic mutations and changed immune response to 250 

gut microbes. However, a definitive causal link between dysbiosis and IBD has not yet 251 

been established in humans [48].  252 

There are at least two mechanisms by which Lactobacillus sensu lato may ameliorate 253 

chronic gut inflammation. Some Lactobacillus species possess anti-inflammatory enzymes 254 

decomposing ROS, like superoxide dismutase or catalase [49-50]. Observations on the gut 255 

microbiota composition in IBD patients and especially in pediatric patients with new-on- 256 

set disease showed its altered composition with reduction of the bacteria belonging to 257 

phylum Firmicutes represented also by Lactobacillus sensu lato, support this idea [51-52]. 258 
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On the other hand, increased populations of Proteobacteria are able to induce gut inflam- 259 

mation [53-54]. These data may also indicate an anti-inflammatory role of the lactobacilli 260 

in vivo related to their anti-oxidative properties [50]. There is also another explanation of- 261 

fered for the beneficial role of Lactobacillus sensu lato probiotics in IBD. Animal studies 262 

have shown that the NF-kappaB pathway is inhibited by probiotics, which promotes the 263 

activation of immune-modulating regulatory T cells and reduces the presence of proin- 264 

flammatory effector-memory T cells in the intestinal mucosa [55].   265 

Immune-related disorders have been connected to a decline in overall bacterial di- 266 

versity, a reduced presence of Lactobacillus sensu lato in a healthy gut microbiota, and a 267 

rise in potentially harmful bacteria. Additionally, specific bacteria—not including lacto- 268 

bacilli—have been identified as contributors to allergic reactions in both animal studies 269 

and human research [56]. 270 

Thus, probiotics, especially those containing Lactobacillus sensu lato strains, are pro- 271 

posed to offer potential benefits in preventing and treating certain immune-related dis- 272 

eases through the modulation of gut microbiota and the regulation of host mucosal im- 273 

mune function. Nonetheless, their effectiveness has been variable, and additional research 274 

is needed to confirm these outcomes [56, 57]. 275 

6. Lactobacilli in the vaginal microbiota 276 

Undoubtedly, the most completely documented leading role of the Lactobacillus sensu 277 

lato bacteria in keeping homeostasis and protecting healthy status occurs in human vagina 278 

where lactobacilli act solely as both pioneering and sentinel organisms forming and keep- 279 

ing normal vaginal microbiota composition in the majority of women of childbearing age 280 

[58]. Vaginal lactobacilli are a crucial defense against invading pathogens by producing 281 

bactericidal compounds and metabolites, as well as by modulating the innate immune 282 

responses in the vagina [59]. There are suggestions that not all Lactobacillus species resid- 283 

ing in the vagina are equal in their protective role and that L. crispatus is the most active 284 

[60] in this respect. Conversely, a very recent study by Hassan et al. indicates that reduced 285 

species diversity, combined with an increased abundance of L. iners, L. gasseri and G. 286 

vaginalis, could be linked to female infertility [61].  287 

The substantial need to discriminate among the species Lactobacillus in the vagina and 288 

roles of the new taxa and their taxonomic positions should be re-evaluated and in the light 289 

of the extensive studies on vaginal microbiota presented by Ravel et al., that there are at 290 

least several types of the microbiota with different predominant species of the Lactobacillus 291 

sensu lato [62]. The study by Ravel et al. documented that not all species of the Lactobacillus 292 

genera possess ability to colonize the vaginal epithelium, and L. crispatus, L. iners, L. gasseri 293 

and L. jensenii are listed as the most typical members of this community, however with 294 

different influences in vaginal health, as shown above. Still, there are very interesting dif- 295 

ferences in composition of the Lactobacillus populations related to a mix of cultural, behav- 296 

ioral, genetic and other as-yet-unknown factors [62]. Most probably these differences are 297 

caused by unknown variants in specific receptors in vaginal epithelium as well as by var- 298 

ious foods since gut microbiota serve as a reservoir of the vaginal lactobacilli. In fact, the 299 

human vaginal microbiota is typically dominated by one or two of the five primary lacto- 300 

bacilli species and is distinguished by a pH level below 4.5 [63].  301 

High populations of lactobacilli are constantly supplemented and supported by these 302 

strains which pass from GI tract over perianal, perineal and vulvar skin to the vaginal 303 

orifice thanks to unique mechanisms driven by specific genes [64, 65]. It is noteworthy 304 

that these mechanisms have been utilized in constructing and implementing vaginal pro- 305 

biotic products for the oral delivery [66-68]. The abundance of the vaginal lactobacilli is 306 

also regulated by hormonal interplay since it increases in puberty and further during 307 

pregnancy [69] and decreases during menopause. Most probably other factors are also 308 

involved in acquisition of the lactobacilli since it appeared recently that they appear before 309 

menarche. It was shown that the microbiota of most girls before menarche was 310 
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predominantly composed of various Lactobacillus species, observed during the early to 311 

mid-puberty stages [70]. 312 

7. Innate immunity in the vagina 313 

Many studies continue to indicate that a vaginal bacterial community dominated by 314 

lactobacilli plays a significant role in driving the innate immune response [71]. The health 315 

of both pregnant and non-pregnant women is supported by a higher concentration of vag- 316 

inal lactobacilli. Their resistance to infections is also enhanced under such conditions [72].  317 

When established in the vaginal epithelium, lactobacilli successfully inhibit other 318 

bacteria using several well-known factors such as lowering pH, thanks to production of a 319 

variety of the organic acids, bacteriocin production and dissolving biofilm structures [73- 320 

74]. Low pH of the vaginal secretion is linked to the lactic acid produced by all Lactobacillus 321 

species, but, in fact, except for lactic acid, there are multiple organic acids produced by 322 

lactobacilli in the vagina at lower amounts but possessing much stronger antimicrobial 323 

activities [75, 76]. It is generally accepted that lactobacilli produce lactic acid from vaginal 324 

glycogen, but this theory is not supported with high quality studies. Remarkably, despite 325 

more than a hundred years since the strong association between glycogen, lactobacilli, 326 

and lactic acid in the vagina was established, we still have limited knowledge about how 327 

lactobacilli metabolize glycogen [77]. Even with the intensive sequencing studies, molec- 328 

ular mechanisms of Lactobacillus predominance in vaginal microbiota remain unexplored.                              329 

Other elements that play a role in vaginal defense are mannose-binding lectin (MBL), 330 

vaginal antimicrobial peptides (AMPs), and immunoglobulins A and G (IgA and IgG).  331 

The presence of protective Lactobacillus species in the vagina leads to reduced activa- 332 

tion of vaginal epithelial cells. Numerous epidemiological studies have shown that 333 

women with a vaginal microbiota predominantly consisting of L. crispatus have lower lev- 334 

els of pro-inflammatory cytokines, such as interleukin (IL)-1α and IL-1β, as well as chem- 335 

okines like IL-8, interferon-gamma inducible protein (IP-10), and macrophage inflamma- 336 

tory protein (MIP)-3α in their cervicovaginal secretions [78]. 337 

8. Adaptive immunity 338 

The female genital tract contains most elements of both the adaptive and innate mu- 339 

cosal immune systems. Unlike other mucosal areas, the vagina has a limited amount of 340 

local lymphoid tissue. While other mucosal sites mainly produce IgA and IgM, the pre- 341 

dominant immunoglobulin secreted in the vagina and cervix is IgG [79]. Vaginal epithelial 342 

cells generate various antimicrobial substances and are equipped with membrane-bound 343 

Toll-like receptors that detect pathogen-associated molecular patterns. This detection trig- 344 

gers the production of pro-inflammatory cytokines and antigen-specific immune re- 345 

sponses. Additionally, the endocervix and vagina can locally produce IgG and IgA anti- 346 

bodies in response to infections [69, 80].  347 

We need to agree with Vaneechoutte [63] that, despite over a century of research, 348 

significant debates persist on fundamental issues, with ongoing publication of controver- 349 

sial findings. Given the substantial effects of vaginal microbiology on women's health and 350 

pregnancy outcomes, it is crucial to address these controversies. Doing so will enhance 351 

our understanding of vaginal microbiology and its relationship with vaginal immunity, 352 

leading to improvements in vaginal probiotics and approaches aimed at helping to main- 353 

tain or restore Lactobacillus dominance. 354 

9. Conclusion 355 

The name Lactobacillus is broadly recognized and utilized by the medical community, 356 

the food and health-related industries, and the general public, and is also featured in na- 357 

tional and international regulations. Despite being a traditional term that encompasses 358 

multiple genera and numerous species, it remains widely accepted. The bacteria hindered 359 

efforts to study the ecology, physiology, evolution, and practical uses of this significant 360 
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group of organisms. In reality, these bacteria are genetically distinct and exhibit consider- 361 

able diversity in their metabolism, ecology, and functions. As a result, they can no longer 362 

be grouped within the same genus and thus a new taxonomy has been proposed for them, 363 

and its adoption will stimulate a new wave of research on relations between taxonomic 364 

position and characteristics of the bacterial strains formerly placed in Lactobacillus genus. 365 

This will undoubtedly yield new insights into the significance of these bacteria for our 366 

health, even though many of them will be assigned new names. 367 
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