
Inflammatory mediator response to  
Gram-positive and Gram-negative bacteria  

in vitro and in middle ear infections 







Inflammatory mediator response to Gram-positive and Gram-negative 
bacteria in vitro and in middle ear infections 

Abstract 
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Gram-positive and Gram-negative bacteria induced 
different cytokines from human mononuclear cells irrespective of 
taxonomic relatedness.

Streptococcus pneumoniae
autolysis prevents phagocytosis and production of phagocyte-activating 
cytokines.

High cytokine levels in perforated acute otitis 
media exsudates containing live bacteria. 

Spray bacteriotherapy decreases 
middle ear fluid in children with secretory otitis media.
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Figure 1: The composition of the Gram-positive and Gram-negative cell wall, 
respectively, modified from a figure by Agnes Wold. The short peptide chains 
connecting the Gram-positive peptidoglycan strands usually have L-lysine in the 
third position, while this residue is occupied by meso-DAP in Gram-negative 
bacteria. 
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Defences against pathogens 

Figure 2: A schematic figure of the normal human ear. The sterile middle ear 
cavity is connected to the nasopharynx via the Eustachian tube.  
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Innate immunity 
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Inflammatory mediators in the acute inflammatory response 

IL-1β and TNF 
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IL-6 

Local effects of inflammatory mediators 



Recruitment of neutrophils 

 

Figure 3: Recruitment of neutrophils to the site of infection by the action of 
inflammatory mediators mainly produced by tissue macrophages. Due to 
vasodilatation neutrophils are slowed down and allowed to interact with the 
endothelium. Following activation the neutrophils are attracted to the infected 
tissue by IL-8. 
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Tissue damaging mechanisms 
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Figure 4: Schematic figure of two NOD-like receptors (NLRs), NALP3 and NOD1. 
Upon activation of NOD1 or NOD2, a conformation change occurs, which enables 
the protein to oligomerize. Recruitment of RIP2 results in activation of NF-κB and 
MAPKs and subsequent transcription of genes encoding inflammatory molecules 
including cytokines. 
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Figure 5: Production of IL-1β requires two signals, one that results in production 
of pro-IL-1β and another leading to caspase-1 activation and cleavage of pro-IL-
1β to active IL-1β. In this example the production of IL-1β is initiated by indirect 
recognition of LPS by TLR4, which results in activation of NF-κB and MAPKs. 
Endogenous danger signals released by necrotic cells are sensed by NALP3 whose 
activation leads to inflammasome formation and activation of caspase-1.  
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Acquired immunity 

T helper cells and the diversity of aquired immune responses 



Macrophage activation by T helper cells 
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Figure 6: Macrophage activation by T helper cells. IL-12 stimulates T helper cells
and NK cells to produce IFN-

y
, which enhance bactericidal functions in 

macrophages in synergy with TNF. Macrophage activation is potently inhibited by 
IL-10. 

Induction of different cytokines by bacteria in vitro
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Figure 7: Different patterns of inflammatory mediators induced by Gram-positive 
and Gram-negative bacteria, respectively, in human monocytes. While the levels of 
inflammatory mediators induced by Gram-negative bacteria could be mimicked by 
using pure LPS, soluble fragments from the Gram-positive cell wall were poor 
inducers of cytokines that were induced in high levels by intact Gram-positive 
bacteria. 
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Cytokines in middle ear fluids 
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MATERIAL AND METHODS 
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Assessment of inflammatory mediators (I, II, III, IV) 
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Figure 8: Study design of the SOM study. 
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Detection of microbes (III, IV) 
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RESULTS 

Cytokine production and taxonomic relatedness (Paper I) 

Figure 9 
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Figure 11 



Thus, irrespective of taxonomic position, Gram-positive bacteria induce more IL-
12, TNF and IFN-γ than do Gram-negatives, which instead induce more IL-6, IL-8
and IL-10 than do Gram-positives. The capacity to induce IL-1β is unrelated to the 
capacity to induce either the “Gram-positive” or the “Gram-negative” pattern.

Exceptions to the general cytokine pattern (Paper I and II) 

Centipeda periodontii
Leptotrichia buccalis Aggregatibacter actinomycetemcomitans

Listeria monocytogenes
L.

monocytogenes

L. 
monocytogenes

Listeria

Streptococcus salivarius

Streptococcus pneumoniae

Thus, in contrast to other Gram-positive bacteria, L. monocytogens and 
pneumococci are exceptionally poor inducers of phagocyte-activating cytokines. 
Both these bacteria are recognized pathogens. 



Pneumococci and autolysis (Paper II) 

S. pneumoniae

S. pneumoniae

S. pneumoniae

Thus, the presence of autolyzed pneumococci reduces the production of phagocyte-
activating cytokines (IL-12, TNF and IFN-γ) in response to intact bacteria. 



Phagocytosis assay (Paper I,II) 

S. salivarius L. casei L. monocytogenes

S. 
pneumoniae

S. pneumoniae

Thus, Gram-positive and Gram-negative bacteria are, in general, phagocytosed to 
the same degree. Wild-type pneumococci and L. monocytogenes were very poorly 
phagocytosed. Moreover, fragmented pneumococci appear to block access of intact 
bacteria to the monocyte surface and phagocytosis. 



Microbial findings in middle ear fluids from patients with 
spontaneous perforated acute otitis media and secretory otitis 
media (Paper III and IV) 

S. pneumoniae H. influenzae 
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p
p
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H. influenzae S. pneumoniae

Thus, in acute otitis media, culture was negative in half of the cases and this was 
only marginally improved by PCR. In secretory otitis media, PCR detected a high 
rate of bacteria and Gram-negative pathogenic bacteria were more often detected 
than in acute otitis media.

Inflammatory mediators in relation to microbial findings in MEF 



Figure 12: The levels of inflammatory mediators in culture-positive (+) and 
culture-negative (-) middle ear fluids from patients with acute otitis media (AOM) 
or secretory otitis media (SOM). Cytokines were also measured after in vitro 
stimulation of peripheral blood mononuclear cells (PBMC) with optimal 
concentrations of UV-inactivated AOM bacterial pathogens. 

0

50

100

150

PG
E 2

(n
g/

m
l)

0

100

200

300

IL
-1

 (n
g/

m
l)

0

10

20

TN
F

(n
g/

m
l)

0

250

500

750

IL
-8

(n
g/

m
l)

0

100

200

300

400

500

IL
-6

 (n
g/

m
l)

0.0

2.5

5.0

7.5

IL
-1

0
(n

g/
m

l)

+ - + -
AOM SOM

In vitro + - + -
AOM SOM

In vitro

+ - + -
AOM SOM

In vitro + - + -
AOM SOM

In vitro

+ - + -
AOM SOM

In vitro + - + -
AOM SOM



Inflammatory mediators in AOM and SOM samples 

Inflammatory mediators in relation to microbes 

in vitro

S. pneumoniae
H. influenzae M. catarrhalis

Inflammatory mediators in AOM and SOM fluids compared to in
vitro responses 
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 in vitro

in vitro in vitro

Thus, in general, cytokine levels were higher in culture-positive middle ear fluids 
compared to culture-negative fluids, and also higher in AOM than in SOM 
effusions. The cytokine levels were not related to the presence of Gram-positive or 
Gram-negative bacteria, respectively.  



Bacteriotherapy in children with SOM (Paper IV) 
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Bacterial pathogens in middle ear fluids in relation to spray 
treatment 

S. pneumoniae H. 
influenzae M. catarrhalis

p

p

Inflammatory mediators in nasopharynx and middle ear fluids in 
relation to treatment 

 L. rhamnosus

Thus, nasal spray treatment with viridans streptococci seem to decrease middle ear 
fluid in children with SOM, but the mechanism remains to be elucidated. 
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Figure 13: Proposed model for the production of IL-12 in response to intact Gram-
positive bacteria. Phagocytosed bacteria may induce IL-12 by crosslinking several 
receptors and/or accessory proteins in the phagosome. Bacterial cell wall 
degradant products could also be sensed by one or several receptors, but this 
recognition leads to an inhibitory signal, perhaps due to abscence of receptor 
cross-linking. 
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