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Abstract 
Based on the structure of the cell wall, bacteria are divided into Gram-positive and Gram-
negative. While the cell wall of Gram-positive bacteria is thick, the cell wall of Gram-negatives is 
very thin and surrounded by an outer membrane with LPS. Previous studies have shown that 
Gram-positive bacteria induce much more IL-12, TNF and IFN-γ from human peripheral 
mononuclear cells (PBMC) than do Gram-negatives, which instead induce more IL-6, IL-8 and 
IL-10 than do Gram-positive bacteria. In this thesis we confirm this cytokine pattern and show 
that the capacity of Gram-positive and Gram-negative bacteria to induce these distinct cytokine 
profiles is independent of their taxonomic relatedness. One exception from this general pattern 
was Listeria monocytogenes, which was a poor inducer of IL-12, TNF and IFN-γ despite being 
Gram-positive. Since an intricate interplay between IL-12, TNF and IFN-γ results in enhanced 
killing capacity of macrophages, these cytokines are recognized as phagocyte-activating 
cytokines. Another striking exception was Streptococcus pneumoniae, which induced no IL-12 
despite its close relation to the viridans streptococci, which induced high levels. Aging 
pneumococci decompose due to the action of autolysin. We show that autolyzed pneumococci 
induce very little IL-12, TNF and IFN-γ and also inhibit the production of phagocyte-activating 
cytokines in response to intact bacteria. Further, fragments partly blocked phagocytosis of intact 
pneumococci. Thus, fragments generated by autolysin may paralyse phagocyte defenses and 
contribute to virulence.  

To investigate the response to Gram-positive and Gram-negative bacterial infection, middle ear 
fluid was collected from children with acute otitis media (AOM) and from children with long-
standing secretory otitis media (SOM). In SOM, Gram-negative bacteria were more prevalent 
than in AOM. Further, fluids with no cultureable bacteria were often positive by PCR in SOM, 
but not in AOM. This suggests that bacterial DNA is eliminated soon after killing of bacteria in 
AOM but not in SOM, or that bacteria remain dormant in the middle ear cavity of the SOM 
patients. The levels of inflammatory mediators in the fluids did not relate to the etiological agent. 
Instead, most cytokines, especially IL-1β, were highly elevated in middle ear fluids containing 
live, cultureable bacteria compared to negative fluids, even if microbial DNA could be detected 
by PCR. In contrast, high levels of IL-6 and PGE2 were measured also in AOM fluids with no 
detectable bacteria, and might be important in the resolution phase of the infection.  

Nasal spray treatment with viridans streptococci and lactobacilli were tested as a method to speed 
up resolution of SOM in a placebo controlled double blind pilot study. One third of children 
sprayed with viridans streptococci showed significant clinical improvement, while treatment with 
lactobacilli was less effective. Clinical recovery was not associated with changes in the 
nasopharyngeal flora, or the expression of inflammatory mediators in nasopharynx or in the 
middle ear. Spray treatment with viridans streptococci could be an alternative to surgery due to 
SOM, but the mechanism of the beneficial effects remains to be elucidated. 
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