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Abstract

Objective: Acute Otitis Media (AOM) is a common bacterial infection in childhood that causes 

an inflammatory response in the middle ear. Leukocytes produce different inflammatory 

molecules in-vitro when stimulated with Gram-positive and Gram-negative bacteria. The major 

causes of AOM are Streptococcus pneumoniae, Nontypeable Haemophilus influenzae 

andMoraxella catarrhalis. We sought to assess differences in cytokines, chemokines and 

expression of Toll-like receptors (TLRs) at onset of AOM based on bacterial culture results.

Study Design: Middle ear fluids (MEF) from 66 children with AOM were studied.

Methods: Innate immune genes, cytokines (IL-6, IL-8, IL-10, IL1-β, TNF-α), chemokines 

(CCL2, CCL3, CCL4, CCR5, CXCR3) and Toll-like receptor (TLR2, TLR4 & TLR9) expression 

was measured using real-time RT-PCR from MEF collected in-vivo by tympanocentesis.

Results: Culture positive MEFs had higher levels of all cytokines and chemokines (9-300 folds) 

as compared to MEFs that were culture negative. PCR positive/culture negative MEF for 

otopathogens showed significant differences (p<0.01) in TLR2, TLR4 and TLR9 expression (6-31 

fold), but cytokine and chemokine levels were similar compared to PCR negative/culture negative 

MEF. No significant differences were found in the cytokine/chemokine/TLR levels among the 

bacterial otopathogen species. However, higher levels of TLRs, and all the cytokine and 

chemokines were detected when more than one bacterial species was present compared to single 

otopathogens.

Conclusion: Expression levels of pro-inflammatory cytokines/chemokines and TLRs are 

elevated in AOM children with a bacterial otopathogen, and are dependent on the number of 

bacterial species identified.
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Introduction

Acute otitis media (AOM) in childhood accounts for more pediatric office visits and 

antibiotics prescription than any other childhood disease. Bacterial infection is the dominant 

etiology of AOM, most commonly Streptococcus pneumoniae (Spn), Nontypeable 

Haemophilus influenzae (NTHi) and Moraxella catarrhalis (Mcat). However, bacterial 

pathogens are not detected by culture from the middle-ear fluid (MEF) in approximately 

15-30% of AOM cases.1-4 Preceding viral upper respiratory infection is the most important 

predisposing factor for the bacterial invasion of middle ear resulting in AOM.5 Some studies 

have shown that viruses can be found in the middle-ear fluid either alone or together with 

bacteria and suggest that viruses may be causative agents of AOM in samples that are 

culture negative for bacteria.5,6 The pathogenesis of AOM involves a complex interplay 

between viruses, bacteria, and the host's inflammatory response.

The first step in the activation of human innate response against microbes is the recognition 

of pathogens by antigen presenting cells (APCs which recognize pathogen associated 

molecular patterns (PAMPs), generating intracellular signals and subsequent production of 

cytokines and chemokines.7 Toll-like receptors on APCs bind to infecting microbes by 

recognition of PAMPc and directly induce host-defense responses. TLR9 specifically 

recognizes the unmethylated cytidine-phosphate-guanosine (CpG) motifs in bacterial DNA. 

TLR2, TLR4 and TLR9 signaling have been shown to be critical to the regulation of 

infection in otitis media.8,9 Locally produced cytokines play a major role in the pathogenesis 

of AOM especially in initiation and maintenance of inflammation.The role of chemokines 

like The role of chemokines like CCL2, CCL3 and CCR5 contributing to inflammation has 

also been explored in the pathogenesis of experimental otitis media.10,11,12 TLR genes and 

signaling molecules are up-regulated in OM in murine models. Deletion of several key 

innate immune genes has resulted in persistent OM in mice, coupled with an inability to 

clear bacterial infection from the middle ear.13

A better understanding of the pathogenesis and the inflammatory process associated with 

AOM would be helpful in developing more effective strategies for the management and 

prevention of this childhood disease. The aim of the present study was to evaluate the 

differences and relationships between the expression of cytokines, chemokines and TLRs at 

onset of AOM based on bacterial culture results. Specifically variations in expression of 

inflammatory cytokines interleukin-6 (IL-6), IL-8, IL-10, IL1β and tumor necrosis factor 

alpha (TNF-α); chemokines CCL2 (MCP-1), CCL3, CCL4, CCR5 and CXCR3 and Toll like 

receptors TLR2, TLR4, TLR9 were compared in middle ear fluids (collected by 

tympanocentesis) of children with AOM where any of the major otopathogens were detected 

by culture compared to negative culture MEFs. Comparisons were made in culture negative 

MEFs in relation to PCR detection of otopathogens (Spn, NTHi and Mcat). Previous studies 

have suggested that gram-positive and gram-negative bacteria elicit different patterns of pro-

inflammatory cytokines and chemokines.14-16 We investigated whether these differences in 

cytokine, chemokine and TLRs expression levels exist in relation to Gram negative vs Gram 

positive bacteria in the MEF during AOM.
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Methods

Study populations and sample collection

The details of the study design have been previously described.17 Children were enrolled in 

the study at age 6 months and prospectively followed until 30-36 months of age. Diagnosis 

of AOM by validated otoscopists was based on signs of inflammation (bulging eardrum) of 

the tympanic membrane and presence of middle ear fluid (MEF) documented by 

tympanocentesis. More than one MEF sample was collected by tympanocentesis from 

children if they have multiple episodes of AOM. Only one MEF sample was included in this 

study analysis from each child except two children whose occurrence of AOM was more 

than 6 months apart. MEF was cultured and tested by PCR for otopathogens. Participants 

received all doses of pneumococcal conjugate vaccine (PCV) according to the U.S. 

schedule; either PCV7 or PCV13 depending on the date of enrollment. The study was 

approved by the Rochester General Hospital IRB.

Microbiology and PCR detection of pathogens

Sampling procedures, microbiology processing and identification, and molecular testing for 

organism identification have been previously described. 3,18,19 Bacterial identification was 

performed on all MEF samples using standard laboratory culture techniques. Typically 

75-80% MEF has common detectable otopathogens isolates such as Spn (~31%), NTHi 

(33%) and Mcat (14%); ~20% of the MEF during AOM were culture negative as shown in 

previous studies. 3, 4 Multiplex-PCR targeting 16S gene was used for bacterial detection of 

Spn, NTHi and Mcat in culture negative samples. The primers information and PCR 

experiment condition has been described in detail previously.18 It is possible that other 

relevant bacteria could be present in culture negative MEF samples if tested via PCR but 

focus was given only to 3 otopathogens of interest.

Isolation of RNA from MEF samples

MEF diluted in PBS was centrifuged for 10 minutes at 4°C. After aliquoting the supernatant, 

1 ml TRIZOL reagent was added to the pellet, mixed by pipetting and left at room 

temperature for 5 minutes. Samples were stored at −80°C. For RNA isolation, 100μl Bromo-

chloro phenol/ml was added to thawed samples containing TRIZOL followed by gentle 

shaking for 5-10 sec to ensure a uniform cloudy solution. The mixture were incubated at 

room temperature for 5 minutes and then centrifuged at 12,000 g for 10 min at 4°C. After 

centrifugation, two distinct layers formed. The layers were separated and 5μg/ml RNase-free 

glycogen was added to the aqueous layer followed by gentle shaking. 500μl of isopropanol 

was added to the aqueous layer, mixed well by shaking and incubated at room temperature 

for 5 minutes. After this step the entire contents were transferred to a RNA isolation column 

from QIAGEN RNeasy kit and manufacturer’s instructions followed. To remove traces of 

DNA if any, a DNA digestion step was performed using DNase I enzyme from Qiagen. 

After RNA isolation, RNase inhibitor was added to each sample to avoid degradation. 

Absence of DNA was confirmed by PCR and the quality and quantity of RNA was 

determined by spectrophotometry and agarose gel electrophoresis. Criteria for inclusion in 

downstream applications was based on OD 260/280 of >2.0 and the absence of visible 

degradation.
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cDNA synthesis and realtime PCR

First strand cDNA was generated for each RNA samples isolated from MEF with the 

Maxima® First Strand cDNA Synthesis Kit (Fermentas) and manufacturer’s instructions 

followed. For the innate immune response molecules, human primers for each specific 

cytokine, chemokine and Toll like receptor were purchased from Applied Biosystems. Real-

time PCR assays were run for each sample containing 50-100 ng of cDNA as a template and 

specific primers using SYBER Green dye on an iCycler IQ from Bio-Rad. Both 18S rRNA 

and GapDH genes expression was used as a control to normalize the data. The standard 

amplification conditions were comprised of 38 cycles, each consisting of 15 sec of 

denaturation at 95°C, followed by 30 sec of annealing at the optimal temperature and 30 sec 

of elongation at 72°C.

Data analysis

We used a semi-quantitative/relative quantitative approach to analyze the real-time PCR 

data from the clinical samples for relative mRNA concentration. The primary assumption 

with this approach was that the additive effect of concentration, gene, and replicate can be 

adjusted by subtracting Ct number of the target gene from that of a reference gene, which 

will provide ΔCt. Average of 18S rRNA gene and GapDH gene data were used as reference 

controls. The result presented represent relative expression 2−ΔC
t or fold change given by the 

equation 2−ΔΔC
t, a convenient way to analyze the relative changes in gene expression from 

real-time quantitative PCR experiments.20,21 Mann-Whitney tests were used to assess 

significant differences.

Results

Bacterial pathogen detection by culture and PCR

Sixty-six children (median age 16 months: range 6 months to 30 months of age and mostly 

Caucasians) with AOM were included in this study. Middle ear fluids were obtained from 

each child using tympanocentesis. MEF cultures were positive for a common bacterial 

otopathogens (NTHi, Spn and Mcat) in 42 cases and 24 MEF samples were culture negative. 

Among 42 culture positive middle ear fluids, 10 NTHi, 12 Spn, 10 Mcat and 10 mixed 

otopathogens (NTHi and/or Spn and/or Mcat) from MEF samples were included in this 

study.

PCR was performed on all the samples. All culture-positive samples were also positive by 

PCR. In several culture positive samples, the PCR revealed not only bacteria found by 

culture but also one or two additional otopathogens. Among the 24 culture-negative MEF 

samples, only 10 were negative by PCR. Thus, additional otopathogen were detected with 

PCR in the samples negative by culture.

Inflammatory innate molecules response in relation to bacterial culture findings

Cytokine (TNF-α, IL-6, IL-8, IL-10 and IL1-β,) and chemokine (CCL2, CCL3, CCL4, 

CCR5, CXCR3) levels and Toll-like receptor (TLR2, TLR4 & TLR9) responses were 

measured using real-time RT-PCR from middle-ear fluids (MEF) related to the culture 

findings. When relative mRNA expression was compared for cytokines and chemokines, 
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culture positive MEFs had significantly higher levels (8-330 fold differences) compared to 

culture negative MEF samples as shown in figure 1A and 1B indicating higher 

proinflammatory responses in MEF samples when bacterial otopathogens were detected. 

The relative mRNA expression of TLRs responses in comparison of culture positive and 

culture negative samples varied as shown in figure 1C. TLR4 expression was >10 fold 

higher in culture positive compared to culture negative MEF samples. A similar, but not 

statistically significant trend was observed for TLR2. No difference in TLR9 responses was 

observed.

Since we prospectively followed the children after each AOM event we sought to determine 

if the clinical course in the subjects had an association of TLR levels and a next episode of 

AOM in these subjects. There was no association observed in the level of TLR expression 

with the likelihood of a next AOM.

Inflammatory innate molecules response in relation to PCR finding of bacterial 
otopathogens in culture negative samples

24 culture negative samples were analyzed for Spn, NTHi and Mcat by PCR. 14 culture 

negative samples showed presence of Spn, NTHi or Mcat by PCR. 10 samples were negative 

for 3 bacterial otopathogens DNA of interest. Cytokine and chemokine levels and TLRs 

expression was compared in PCR positive compared to PCR negative samples in culture 

negative MEFs. Figure 2 shows the fold differences in mRNA for various cytokines, 

chemokines and TLRs. TLR2, TLR4 and TLR9 expression were found to be significantly 

higher (p<0.05) in PCR positive samples (6.4-30.9 fold difference) compared to PCR 

negative MEF samples; No significant difference was observed in the expression of any 

cytokine and chemokines in relation to PCR detection of bacterial pathogens in culture 

negative MEFs.

Inflammatory innate responses in relation to individual bacterial otopathogens

All the culture positive MEF samples were grouped according to whether NTHi, Spn, Mcat 

or mixed otopathogens were detected and the mRNA expression of various inflammatory 

innate responses from each group was compared to culture negative samples. Since culture 

negative samples have very low expression of innate immune molecules, its data was used to 

compute the relative expression among all groups given as fold change using the formula 

2−ΔΔC
t . Table 1 shows the fold change in innate immune response levels in MEF of children 

with AOM caused by different groups. Only TLR9, IL-10 and CXCR3 of the 13 tested 

molecules didn’t show significant difference from negative culture samples. Although some 

variations are observed among the groups of single otopathogens, they did not reach 

statistically significant difference due to individual variability among the different MEF. 

However, there is a trend of higher expression in MEF containing mix pathogens compared 

to single otopathogens.

Discussion

In this study, we show that detection of otopathogenic bacteria by culture is highly 

associated with significantly higher inflammatory cytokine and chemokine levels and higher 
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TLR expression compared to otopathogen culture negative but PCR-positive MEF samples 

and compared to culture/PCR negative samples. The result suggests that differences in 

inflammatory cytokine and chemokine levels and TLRs expression varies with the presence 

of otopathogenic bacteria and with bacterial diversity (more than one bacterial species) in 

the MEF.

Previously, Brazilaia et al 22 found that IL-6 was lower in MEF when bacteria were 

eliminated from the MEF after antibiotic treatment an observation that is consistent with our 

observation. Similarly, we observed low levels of IL8, TNF-α and IL1-β in MEF when 

bacterial cultures were negative from MEF, again consistent with previous studies.23-26 But 

here for the first time low levels of IL-10, CCL2, CCL3, CCL4 and CCR5 were also 

measured in culture negative MEF samples. Most prior studies were focusing on individual 

cytokines. Our data extend those studies by extending the measurements to several 

additional pro-inflammatory cytokines and chemokines.

IL-10 plays an important role in down-regulating the inflammatory response. We have 

shown in a previous study that higher levels of IL-10 in serum are detectable at the onset of 

AOM caused by Spn compared to NTHi and Mcat.27 CCL2 has been shown to be a key 

molecule contributing to inflammation through CCR2-mediated recruitment of monocytes.12 

The role of chemokine CCL3 in experimental otitis media has also been explored and shown 

to be a downstream effector of TNF-mediated inflammation.10 Others have observed higher 

expression of CCR5 and CXCR3 receptors during AOM. CXCR3 and CCR5 were 

preferentially expressed on Th1 cells.11 Therefore the increase expression levels of CXCR3 

and CCR5 suggests an active and ongoing immune response against AOM infection 

mediated by the Th1 arm of the adaptive immune response. Neutrophils are the main cells 

found in MEF at onset of AOM and a prior study has found that encounter of neutrophils 

with bacterial pathogens modulates chemokine receptor expression patterns.28

When we compared TLR expression in relation to culture results of MEF, TLR4 showed 

significantly higher expression and TLR2 a trend for higher expression in culture positive 

MEF. Using an otitis media model, Leichtle et al has shown that TLR4 signaling probably 

induces TLR2 expression 8 and TLR2 activation is critical for bacterial clearance and timely 

resolution of otitis media. Although we did not detect differences in TLR9 expression in 

culture positive vs. culture negative MEFs, the role of DNA sensing via TLR9 has also been 

shown in otitis media pathogenesis and recovery.9 Based on these previous studies and our 

own, similar expression of TLR2 and TLR9 in culture positive vs. culture negative samples 

suggests that expression of these receptors is involved in the resolution of otitis media.

Negative MEF cultures might occur due to technical inadequacies, therefore we compared 

innate immune response differences in culture negative MEF by applying PCR techniques 

for the detection of bacterial otopathogens. We didn’t find a significant difference in the 

studied cytokine or chemokines when comparing culture negative/PCR positive MEFs with 

culture/ PCR negative MEFS; the result is consistent with a previous study. 26 However we 

did find significantly higher expression of TLR2, TLR4 and TLR9 in culture negative/ PCR 

positive MEF compared to culture and PCR negative MEF suggesting that TLR signaling 

can be up-regulated with traces of bacterial DNA. Culture negative/PCR positive data 
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suggest that bacteria are not alive or the level of bacteria in MEF is below detection limits. 

Intact innate immune signaling system has been shown to be critical to recovery from 

bacterial OM in an animal model.13 TLR2, TLR4 and TLR9 play important role in bacterial 

defense.

We did not seek to detect respiratory viruses in the MEFs we studied. A viral etiology has 

been proposed for AOM especially if MEF is culture negative for otopathogens.5,6,29 

However, we can conclude that if respiratory viruses were present in MEF that they induce 

low pro-inflammatory responses. Consistent with our conclusion, Stol K et al showed no 

association of viruses and changes in cytokines levels in chronic otitis media.30

We compared innate immunity molecule expression in culture positive MEFs that contain 

gram positive (Spn), gram negative (NTHi or Mcat) and mixtures of bacteria (NTHi or Spn 

or Mcat). No significant difference was observed in the innate response whether AOM was 

caused by gram positive compared to gram negative bacteria. However, for the first time we 

demonstrated increased levels of innate immune response molecules when more than one 

pathogen was causing AOM.

Our observations provide a clinical and immunologic correlation for AOM. At onset of 

infection there is a brisk rise in pro-inflammatory cytokines, and chemokines and up-

regulation of TLRs, most likely expressed predominantly by immune cells present in MEF. 

This immunologic phenomenon is reflected clinically by the signs and symptoms of 

inflammation in the middle ear. After onset of the pro-inflammatory response the time 

course of recovery from inflammation involves fairly rapid disappearance of elevated 

cytokines and chemokines and somewhat slower disappearance of immune response cells 

expressing higher levels of TLR expression. Thus our results suggest that when a culture of 

MEF is negative but PCR detection is positive for an otopathogen the bacterial infection was 

either not of very recent onset or was already controlled and perhaps resolving (eradication 

of the bacteria) when the MEF sample was obtained. Thirdly, combinations of otopathogens 

during a single AOM event have been shown to occur much more frequently in recurrent 

AOM, chronic AOM, and in Bedoins vs. Jews living in Israel (associated with 

epidemiologic and other risk factors).3,31,32 The finding of higher cytokine, chemokine and 

TLR levels in multiple otopathogen infections compared to single otopathogen infections 

supports the notion that multiple otopathogen infections results in more damaging 

inflammatory responses to the middle ear as a bystander negative effect of the more robust 

immune response.

Conclusion

We found cytokine and chemokine levels and TLR expression differs when otopathogens 

are present in sufficient numbers to be detected by culture as compared to when bacterial 

load is below culture detection but within the limit of detection by molecular techniques 

(PCR). Moreover, in culture negative but PCR positive MEFs, pro-inflammatory responses 

measured in levels of cytokines and chemokines are low but TLR stimulation occurs.
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Figure 1. 
Comparison of tumor-necrosis factor- α (TNF-α), interleukins (IL-6, IL-8, IL-10 & IL-1β) 

(shown in 1A) chemokines (CCL2, CCL3, CCL4) and chemokines receptors (CCR5, 

CXCR3) levels (shown in 1B) and toll-like receptors (TLR2, TLR4 & TLR9) expression 

(shown in 1C) in MEF of children with AOM. Results shown are relative mRNA expression 

of culture negative (n=24) vs. culture positive (n=42) MEF samples.

Note: All studied cytokines and chemokines showed significantly higher expression in 

culture positive compared to culture negative MEFs. **** p <0.0001, **; p <0.001, * p 

value <0.05, ns: not significant
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Figure 2. 
Fold change mRNA expression of innate gene molecules from PCR negative (n=10) vs PCR 

positive (n=14) for bacterial (S. pneumoniae, NTHi and M.catarrhalis) DNA from MEF 

samples that were culture negative

Note: *** mean <0.001, * mean <0.05, ns: not significant.
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Table 1

Fold change Innate immune response in MEF of AOM children with different bacterial otopathogens 

compared to culture negative MEF

Innate immune
molecules

S. pneumoniae
(n=12)

NTHi
(n=10)

M. catarrhalis
(n=10)

Mix pathogens
(Spn +or Mcat +or
NTHi+) (n=10)

TLR2 10.8 36.5 6.1 53.5

TLR4 4.7 16.0 7.8 30.5

TLR9 1.0 1.4 2.1 222.1*

TNF-α 16.8 55.4 45.2 126.2

IL-6 10.4 17.1 34.5 18.0

IL-8 3.7 13.4 9.3 10.4

IL-10 2.0 1.3 3.7 20.9

IL-1-β 20.6 63.1 55.1 131.1

CCL2 5.4 10.5 12.6 21.4

CCL3 6.0 28.1 20.3 34.8

CCL4 11.6 39.3 29.2 21.7

CXCR3 0.1 0.3 0.3 5.4

CCR5 16.8 8.3 19.1 49.7

Note: Almost all the culture positive samples with any bacteria have significant higher expression (p <0.05) of all the innate molecules compared 
to culture negative MEFs samples except the values shown in bold.

*
Expression is significantly different compared to single pathogens
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