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Chapter 6 

General Discussion 

 

 

 

  

 141 



Biophysical interactions between microorganisms are one of the 

mechanisms by which restoration of the natural microbiota can be 

accomplished1. Unfortunately, they are poorly understood, especially within 

the context of the vaginal environment. The goal of this thesis was to 

unravel the role of adhesion between vaginal microorganisms and probiotic 

strains and how this may influence certain outcomes in the vagina such as 

coaggregation, biofilm integration and disruption, virulence, and initial 

adhesion to the epithelium.  

Adhesion force measurements are the cumulative sum of all binding 

events between an organism and a surface. Strongly adhering lactobacilli 

can bind to pathogens (Chapters 2-4), integrate within and disrupt a 

pathogenic biofilm (Chapter 3), and reduce virulence (Chapter 4). 

Furthermore, we observed two consistent trends relating to our bacteria-

bacteria and our bacteria-epithelial cell adhesion force measurements. 

Namely, lactobacilli adhere more strongly to pathogens than the pathogens 

to themselves, and pathogens tend to adhere more strongly to the epithelial 

cells than lactobacilli do (Chapter 5). This chapter will focus on discussing 

how we can use the knowledge we gained in this thesis to explain why 

bacterial adhesion within the greater context of the vagina is an important 

area of focus.  
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Significance of adhesion in the vaginal 

environment 
One situation that showcases the importance of adhesion in the 

vagina is the ability to form coaggregates and to penetrate and integrate 

within existing pathogenic biofilms. This is accomplished through adhesion 

and biochemistry (e.g. virulence reduction, growth inhibition, nutrient 

competition, and quorum sensing). Biochemical mechanisms require 

microenvironments to fully achieve their threshold concentrations and this 

is achieved after adhesion to target bacteria. We have demonstrated the 

link between strong adhesion and creation of coaggregates in Chapter 2. 

Furthermore in Chapter 4, we measure a level of quorum quenching able to 

reduce MRSA virulence through the direct effect of the physical contact of 

lactobacilli. These processes take time and while it was shown in this thesis 

to occur within 24 h, Staphyloccous aureus biofilms are known to have 

activated virulence in a microenvironment through quorum sensing in less 

than 10 h over a distance of 10 µm2. Therefore it is worthwhile to 

investigate both short- and long-term time points to learn more about the 

contribution of adhesion to microenvironment-related processes. 

Additionally, lactobacilli that can quench virulence more quickly should be 

identified and examined.  

The consensus in literature is that an increase in bacterial species 

diversity and a marked loss of certain lactobacilli are hallmarks of vaginal 

dysbiosis1,3-6. The vaginal bacteria used in this thesis are representative for 

the dominant bacteria of the main vaginal phylogenic groups described in 

literature3-5. We have gathered adhesion data for the dominant commensals 
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in these phylogenic groups as well as for some pathogens (Figure 1) 

adhering to each other (Chapter 2, Chapter 3, and Chapter 4) and to the 

vaginal epithelium (Chapter 5).  

 

Figure 1 | Adhesion forces measured between vaginal 
microorganisms and epithelial cells and between vaginal 
microorganism and pathogens. 
Average adhesion forces between vaginal bacteria and the vaginal epithelium 
(VK2/E6E7 cells) and between dominant phylogenic bacteria and vaginal 
pathogens. The image shows a hypothetical situation wherein the position of each 
microbe in the vagina is based solely on the strength of their adhesion to the 
vaginal epithelium combined with their adhesion to each other.  
 

Vaginal pathogens form dense biofilms in patchy, confluent layers on the 

epithelial surface in dysbiosis7 and this may be associated to their stronger 

initial adhesion to the epithelium than commensals. Lactobacilli adhere very 

strongly to pathogens for which they use different surface molecules than 

for adherence to the epithelium8,9, this may be one of the main factors for 

the restorative mechanisms that allow them to competitively exclude 
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pathogens from adhering to the epithelial surface10. Furthermore, the lower 

adherence of pathogens to each other than lactobacilli may make their 

biofilms vulnerable to disruption when challenged with adhesive 

lactobacilli11,12 (as shown in Chapter 3). 

 

Vaginal probiotics  
Transient probiotic strains are unable to remain in the vagina for an 

extended period of time12,13 which was unexplainable so far. This 

phenomenon can now be explained by the lower adhesion forces measured 

to the epithelium compared to adhesion forces to other bacteria. While 

probiotics are less adhesive to the vagina, they do have restorative 

mechanisms1 that are related to adhesion: 

• coaggregation; the creation of microenvironments and potential 

interference with the ability of the pathogenic species to infect the 

host, 

• restoration and maintenance of intact intercellular junctions by 

adhering lactobacilli, 

• immunomodulatory effects; lactobacilli in direct contact with the 

epithelium have a strong reduction in the initial inflammatory 

response.  

Commensal lactobacilli that adhere and remain on the epithelium 

also rely on adhesion-related mechanisms for their success: synergistic 

signaling, adhesion, biosurfactant secretion, virulence reduction, and others 

as shown in this thesis. The fact that a viable probiotic Lactobacillus strain 

consistently had the lowest adhesion forces to the epithelium of all bacteria 
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studied in this thesis should not be a cause of concern. However, it does 

suggest that it might make sense to focus on commensal lactobacilli with 

strong adhesion forces to vaginal epithelium in order to recolonize and 

restore the original phylogenic group of an individual. Perhaps given the vast 

progress that has entered biology from reductionism, new generations of 

probiotics may eventually abandon their short-lived stay in the vagina and 

become permanent residents and members of the microbiota. Accordingly, 

new probiotics will have ‘enhanced functions’, such as strong adhesion. New 

screening methods such as atomic force microscopy would indeed rapidly 

and easily facilitate the selection of microbial strains with such a desired 

profile. In theory, a probiotic strain (having already achieved the necessary 

safety levels) could prove dominant over certain native opportunistic 

pathogen species leading to their exclusion. While this is an example of 

ecological disaster - dysbiosis occurring through the overgrowth of species - 

the powerful potential of probiotic mechanisms should make us wary of 

leaving microbial interactions in the vagina a grey area.  

 

Rationale for studying the vaginal microbiota 

Irrespective of the symptoms present or lack thereof, vaginal 

dysbiosis is associated with an increased susceptibility to preterm labour 

(perhaps due to inflammatory processes)14,15, sexually transmitted 

infections (perhaps owing to a damaged epithelial layer or altered 

expression of protective compounds)16 such as HIV infection17, and pelvic 

inflammatory disease caused by pathogens18. It is these predispositions that 
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can have potentially devastating effects for women and the health of any 

future children. 

The results in this thesis are important for new areas of investigation 

in urogenital and reproductive research. For instance, the colonization of an 

infant’s skin during vaginal delivery could be related to the adhesion of the 

mother’s microbiota. Also, the continual reseeding of the vagina by gut 

microbes12,13 could be an adhesion-related process: as the gut microbes are 

excreted in fecal matter, some adhere to the peritoneal surface and 

eventually migrate along the approximately 4 cm journey to the vagina after 

which they integrate within the vaginal community19. In a healthy situation, 

it could be that lactobacilli also coming from the gut who adhere more 

strongly to the peritoneum ensure their own success by excluding other 

organisms that may be on their way to the vagina. It has been shown here 

the direct effect of adhesive lactobacilli on the inflammatory response and 

pathogenic biofilms is worthwhile to further investigate to potentially 

reduce the effects of dysbiosis and future problems for both women1,20 and 

infants21-23. It follows that it is imperative to unravel the elements that keep 

the vaginal microbiota in balance, because it is here that the first microbial 

imprints of infant life begin. Surprisingly enough, there is some sort of logic 

in the vagina: adhesion matters. 
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