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The American Academy of Microbiology in 2005 defined a “probiotic” 
as “live microorganisms, which when administered in adequate amounts confer 
a health benefit on the host.” In theory, benign microorganisms can be used to 
combat pathogenic microorganisms and the disease they cause. Thus, they could 
also conceivably be used to prevent infectious diseases and immune dysfunction. 
This concept has been known for over 100 years and has been used to alter the gut 
microbiota. Furthermore, probiotic organisms may have the potential to interact 
with both the innate and acquired immune systems with possible benefits to the 
host. However, the definition of bacterial interference is not confined to just the 
concept that one bacterial species can interfere with the ability of another to grow, 
colonize and infect the host. There are at least three other possible methods that 
can be thought of as mechanisms that can produce bacterial interference.

The basic concept is that homeostasis of the nasopharyngeal microflora 
will maintain health. When this microflora is disturbed by various influences, 
the microflora will be altered and may lead to infectious diseases of the upper 
respiratory tract including the middle ear and the paranasal sinuses. The various 
elements that can alter the microflora of the nasopharynx include, 1) viral 
infection, 2) allergy, 3) inappropriate and overuse of antibiotics, 4) lack	of	
specific	 secretory	 IgA, 5) genetic	 factors	 which	 relate	 to	 the	 synthesis	 of	
specific	secretory	IgA	and	IgG	subclasses, and finally, 6) the use of probiotics 
to	alter	pathological	microflora	of	the	nasopharynx. 

There are at least four	clinically	experimental	methods	of	controlling	the	
normal	nasopharyngeal	flora: 1) Bacterial-nasopharyngeal	mucin	interaction; 
2) bacterial	 interference	 where	 a	 commensal	 organism	 can	 inhibit	 the	
colonization	 and	 replication	 of	 pathogenic	 bacteria	 (probiotic	 concept); 
3) mucosal	 secretory	 immunity	 (IgA), and 4) receptor	 analog	 competition 
(for example, cranberry juice interfering with the attachment of bacteria to the 
mucosal surface by binding mannose on the bacterial surface and preventing 
Escherichia coli from binding to bladder mucosa). A brief description of each of 
these follows with the appropriate references.

The mucociliary system of the upper and lower respiratory tract is a 
critical, non-specific pathway for the elimination of bacteria and other particulate 
matter. The interaction	 between	 bacteria	 and	 purified	 mucin	 of the upper 
and lower respiratory tracts has been a major focus of investigations for the 
past decade. It was previously demonstrated that non-typeable Haemophilus 
influenzae and Moraxella catarrhalis adhere to human purified nasopharyngeal 
mucin and human middle ear mucin by a very limited number of specific outer 
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membrane proteins. There have been no previous studies on the interaction of 
Streptococcus pneumoniae and purified mucin. Such information would be of 
extreme importance in identifying specific mechanisms preventing colonization 
of this important pathogen to nasopharyngeal mucin. 

Using an overlay technique of purified radio-labeled mucins of the upper and 
lower respiratory tracts in a solid phase assay with four predominant pathogens 
of the upper and lower respiratory tracts, it was found a striking heterogeneity of 
bacteria-mucin interaction. Bernstein and Reddy studied these interactions in the 
development of otitis media, rhinosinusitis and lower respiratory infections were 
discussed 1.  In this study, Moraxella catarrhalis bound to purified nasopharyngeal 
mucin with a single outer membrane protein that was approximately 57 
kilodaltons. The binding of Streptococcus pneumonia to human nasopharyngeal 
mucin and human middle ear mucin was limited to two lower molecular weight 
proteins of 17.5 and 20 kilodaltons. It was interesting to note that Streptococcus 
pneumonia did not bind to human tracheal bronchial mucin. Finally, on the basis 
of electrophoretic mobility and immuno-blotting, non-typeable Haemophilus 
influenzae bound to purified human nasopharyngeal mucin by outer membrane 
proteins identified as o protein P2 and P5. Unequivocal identification of outer 
membranes P2 and P5 were made by the use of outer membrane proteins of 
bacterial strains and their respective isogenic mutants, lacking the respective outer 
membrane proteins in the binding assay.  

In summary, the binding of microorganisms to mucins is a prerequisite for 
the physiological clearance of inhaled bacteria. This interaction might also be the 
first step for microbial colonization, if mucociliary activity in the nasopharynx is 
not functioning properly. 

The report by Bernstein and Reddy in 2000 suggests that bacterial-mucin 
inter-action displays a wide array of structures. Nevertheless, the mosaics of 
carbohydrate chains contained in airway mucins can be viewed as having an 
important role in trapping the inhaled microorganisms before they reach the 
surface of the airway epithelial cells and therefore have an important role in the 
defense of the respiratory mucosa 2. 

The second type of bacterial interference is the probiotic concept. 
A commensal bacteria can be instilled into the nasopharynx and inhibit the 
colonization and replication of potential pathogens. The role of viridans 
Streptococci (Streptococcus oralis) in the prevention of colonization with non-
typeable Haemophilus influenzae and Moraxella catarrhalis was investigated in 
an adenoidal organ culture system 3. The adenoids from 100 patients who were 
undergoing adenoidectomy for either hypertrophy or recurrent otitis media were 
used. Streptococcus oralis uniformly inhibited colonization with non-typeable 
Haemophilus influenzae or Moraxella catarrhalis over a 24-hour period of 
incubation in adenoidal organ culture. The results indicate that some strains of 
Streptococcus oralis may inhibit colonization with potential pathogens in the 
nasopharynx. It is therefore possible that colonization with inhibitory strains of 
Streptococcus viridans may be used in the nasopharynx as a relatively safe and 
inexpensive approach to prevent recurrent otitis media in some children.
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The same group demonstrated bacterial interference of both penicillin-
sensitive and penicillin-resistant Streptococcus pneumoniae by Streptococcus 
oralis in an adenoid organ culture. The results indicated that some strains of 
Streptococcus oralis may inhibit the growth of the most serious pathogens in 
the nasopharynx. It is therefore possible that colonization of inhibitory strains of 
Streptococcus viridans may be used in the nasopharynx as a relatively safe and 
inexpensive approach in the prevention of recurrent otitis media in some children 
and in recurrent otitis media  in both children  and adults 4.

Finally in this regard, in vivo studies using intranasal instillation of 
Streptococcus viridans has been used in otitis-prone children in two investigations 
in Sweden. Although the results were conflicting and even the positive results 
were not very exciting, this method of treating the otitis-prone child or the child 
with recurrent acute bacterial otitis media needs to be explored further. The group 
in Gotenburg, Sweden has studied the effect of recolonization of the nasopharynx 
with alpha-Streptococci to inhibit the growth of otopathogens in children with 
recurrent acute otitis media 5. The results at three months demonstrated that 42% 
of the children given the Streptococcal spray were healthy and had a normal 
tympanic membrane compared with 22% of those given placebo. They concluded 
that selected bacteria such as alpha hemolytic Streptococci have the ability to 
inhibit the growth of common otopathogens and can be used to protect against 
recurrent acute otitis media and otitis media with effusion in children. 

However, the biological significance of 42% success is less than a toss-
up and is probably biologically insignificant. Furthermore, similar studies at 
Umea University in Lulea, Sweden, demonstrated no significant changes of the 
nasopharyngeal flora could be detected during the study period regarding otitis 
media pathogens when using a nasal spray of alpha-hemolytic streptococci 6. 
Thus, these two Swedish groups have differing opinions on the efficacy of nasal 
spray using interfering bacteria. 

Skovbjerg and colleagues did a study of 60 Swedish children aged one to 
eight years with OME who received probiotics in the form of a nasal spray, using 
Streptococcus sanguinis or Lactobacillus rhamnosus.7 Their conclusion was that 
OME was cured or its evolution was much better at ten days.   

A	third	mechanism	of	inhibiting	nasopharyngeal	colonization	of	potential	
pathogens	 is	 the	 presence	 of	 specific	 secretory	 IgA. The cellular immune 
responses to non-typeable Haemophilus influenzae in adenoids were determined 
in children by measuring lymphocyte blast transformation and antibody secretion 
in response to the P6 outer membrane protein. In the lymphocyte transformation 
assay, stimulation index of adenoidal lymphocytes stimulated by P6 in otitis 
children was significantly lower than in the non-otitis prone children. Furthermore, 
the numbers of IgM as well as IgA secreting cells after eight days culture with 
P6 were significantly smaller in otitis children than in those of non-otitis prone 
children. These data suggest that P6 protein is a target for the cellular immune 
response of the adenoid and more importantly, failure of adenoidal lymphocytes 
to recognize it as a specific immunogen may be one of the causes of recurrent 
otitis media 8. 
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Finally, the role	of	a	 specific	 sugars such as sialic acid, which is usually 
the terminal sugar of purified mucins, of both the middle ear and nasopharynx 
could	 be	 theoretically	 used	 as	 blocking	 the	 bacterial	 adhesins	 of	 potential	
pathogens	 in	 the	nasopharynx. This is a very common method of interfering 
with Escherichia coli in the bladder using cranberry juice, for example. It would 
be interesting to speculate on the role of sialic acid, the major terminal sugar in 
purified middle ear and nasopharyngeal mucin in inhibiting adherence to mucus 
in the nasopharynx of otitis-prone children.
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