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Abstract

Objectives: Otitis media with effusion (OME) is a common disease of childhood that is largely 

asymptomatic. However, middle ear fluid can persist for months and negatively impact a child’s 

quality of life. Many cases of OME remain chronic and require surgical intervention. As biofilms 

are known to contribute to the persistence of many diseases, this study examined effusions 

collected from children with chronic OME for presence of essential biofilm structural components, 

members of the DNABII family of bacterial DNA-binding proteins.

Methods: Middle ear effusions were recovered from 38 children with chronic OME at the time 

of tympanostomy tube insertion. A portion of each specimen was submitted for microbiology 

culture. The remaining material was assessed by immunoblot to quantitate individual DNABII 

proteins, integration host factor (IHF) and histone-like protein (HU).

Results: Sixty-five percent of effusions (24/37) were culture-positive for bacterial species or 

yeast, whereas 35% (13/37) were culture-negative. IHF was detected in 95% (36/38) at 

concentrations from 2– 481 ng/ μl effusion. HU was detected in 95% (36/38) and quantitated from 

13– 5,264 ng/ μl effusion (P≤ 0.05 compared to IHF).

Conclusion: As DNABII proteins are essential structural components of bacterial biofilms, these 

data lend further support to our understanding that biofilms are present in the vast majority of 

chronic middle ear effusions, despite negative culture results. The presence and ubiquity of 

DNABII proteins in OME specimens indicated that these proteins can serve as an important 

clinical target for our novel DNABII-directed strategy to treat biofilm diseases such as chronic 

OME.
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INTRODUCTION

Otitis media with effusion (OME) is a common disease of childhood, and up to 90% of 

children experience an episode prior to 5 years of age. OME is a leading cause for primary 

care visits in the United States. Approximately 2.2 million episodes are diagnosed annually, 

although the true incidence of OME is likely higher, as this disease is largely asymptomatic 

and many episodes remain undiagnosed.1,2 The annual direct costs of OME to the healthcare 

system are approximately $4.0 billion annually, and this estimate does not include the 

sizeable indirect costs associated with lost caregiver productivity.1,3 OME is also the most 

common cause of hearing loss in children in the developing world, and can affect up to 80% 

of children at any given point in time.4

OME is characterized by the presence of fluid in the middle ear cavity without signs or 

symptoms of acute inflammation.1 While the majority of cases recover spontaneously, 

approximately 25% of episodes persist longer than 3 months and are deemed ‘chronic 

OME’, and 10% of episodes last longer than 1 year.5,6 Sequelae include significant 

conductive hearing loss, vestibular problems, and ear discomfort.7 Importantly, OME affects 

children at a critical age of development and can result in significant speech and language 

delays, educational deficiencies, poor academic performance, behavioral problems and 

overall reduced quality of life.7

OME was initially thought to be the outcome of an accumulation of sterile fluid in the 

middle ear, particularly as the condition does not present with pain, fever, or tympanic 

membrane inflammation; all signs traditionally associated with acute bacterial infection. 

However, multiple groups have detected bacterial nucleic acids in culture-negative middle 

ear effusions via polymerase chain reaction (PCR) assay, thereby demonstrating the highly 

limited usefulness of traditional culture techniques to confirm the bacterial etiology of OME.
8–10 Further, Rayner et al. demonstrated the presence of bacterial mRNA and proteins in 

culture-negative effusions, which indicated that not only were bacteria present within the 

middle ear, but they were also metabolically active.11 In an effort to localize the bacteria 

within the middle ear during disease, Hall-Stoodley et al. examined mucosal biopsies 

recovered from the middle ears of children with OME and found that bacteria were residing 

within biofilms adherent to the mucosal surface.12 As further proof, Thornton et al. 
demonstrated multiple bacterial species, including those commonly associated with OM, in 

82% of middle ear biopsies collected from children undergoing ventilation tube insertion for 

chronic OME or recurrent acute OM.13 Collectively, these and many additional data 

confirmed that bacteria are indeed present in the middle ears of OME patients and that these 

bacteria are likely resident within biofilms.

Biofilms contribute to the chronic and recurrent nature of 65–80% of all persistent bacterial 

infections, including otitis media.14 Children with recurrent acute otitis media are often 

prescribed multiple rounds of antibiotics, a practice that is one of the major driving forces 

for the development of bacterial antibiotic resistance worldwide.15 For children with chronic 

OME, tympanostomy tubes are the mainstay of treatment as they allow for drainage of fluid 

and facilitate use of topical antibiotic drops during periods of acute infection.7 Biofilm-

resident bacteria metabolically quiescent, and are typically 1,000-fold more resistant to 
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antibiotic treatment compared to their planktonic counterparts, which thus explains the 

ineffectiveness of drugs that target active cellular processes.16 Therefore, development of 

alternate treatment strategies are required.

Our work has focused on essential structural elements in the biofilm extracellular polymeric 

substance (EPS), a self-produced matrix which enshrouds and protects the bacteria within 

these structures.17,18 While the exact composition of the EPS varies among bacterial species, 

common constituents among biofilms formed by all bacteria tested to date include 

extracellular DNA (eDNA) and the DNABII family of DNA-binding proteins, integration 

host factor (IHF) and histone-like protein (HU).17,19,20

Notably, antibodies directed against DNABII proteins: (1) induces collapse of biofilms 

formed by all 18 species of bacteria tested to date in vitro, including each of the high priority 

ESKAPE pathogens19,21–24 (2) disrupts biofilms in three unique animal models that include 

experimental NTHI-induced otitis media19,21,25, Aggregatibacter actinomycetemcomitans-

induced periodontitis/peri-implantitis26 and Pseudomonas aeruginosa-induced lung 

infection25 (3) prevents the development of experimental otitis media in a polymicrobial 

model of disease25 and (4) prevents the formation of and disrupts pre-formed NTHI biofilms 

on surgical intranasal resorbable material in vitro27, as well as within both sputum solids 

collected from patients with cystic fibrosis28 and otorrhea specimens from children with 

post-tympanostomy tube otorrhea ex vivo.29 Furthermore, there is synergy between anti-

DNABII antibody and use of traditional antibiotic treatments; upon collapse of the biofilm 

structure, the newly released bacteria are 4–8 fold more sensitive to first-line antibiotics for 

treatment of otitis media as compared to the effects of antibiotics alone on biofilm-resident 

bacteria.21,30 The aforementioned therapeutic approaches as well as preventative strategies, 

all of which are directed against the DNABII proteins, form the basis of our ‘DNABII-

targeted’ strategy for resolution/ prevention of diseases wherein biofilms contribute to the 

pathogenesis and chronicity/ recurrence of disease.

Due to the persistent nature of OME and confirmation of biofilms within the middle ears of 

OME patients, we hypothesized that anti-DNABII-mediated therapy could be used to 

facilitate disease resolution. Toward achievement of this goal, herein we examined a single 

middle ear effusion collected from each of 38 children with chronic OME who were 

undergoing tympanostomy and tube insertion. We analyzed specimens for the presence of 

DNABII proteins through quantitation of the amount of IHF and HU in each specimen in 

order to demonstrate the relative abundance of these targets for this therapeutic approach. 

While previously our lab has utilized immunofluorescence microscopy to demonstrate 

structural components of bacterial biofilms which consists of a lattice of eDNA and 

associated DNABII protein localized at the vertices of crossed eDNA strands28,29, this 

technique is limited by its subjectivity and does not provide data on the relative 

concentrations of these DNABII proteins. Herein, we demonstrated the presence and relative 

abundance of DNABII proteins in 95% of clinical chronic OME specimens tested. As such, 

we are hopeful that this DNABII-directed strategy for disruption of bacterial biofilms will 

have promise as a highly effective therapeutic against diseases with a biofilm component, 

including chronic OME.
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MATERIALS AND METHODS

Collection and Preparation of Middle Ear Effusions Samples

Institutional Review Board approval was obtained, and 38 pediatric patients with chronic 

middle ear effusions undergoing tympanostomy tube placement were identified in the 

pediatric otolaryngology clinic and informed consent obtained. During surgery under 

anesthesia to place tympanostomy tube(s), a single specimen was collected from each of 38 

sequential patients. If the patient had bilateral effusions, only a single specimen was 

collected unilaterally. Specimens were obtained via a sterile Juhn Tymp-Tap Middle Ear 

Fluid Aspirator/ Collector (Medtronic Xomed Inc, Jacksonville, FL), labeled according to 

gender and age of patient, and further characterized according the color of the fluid and 

consistency of the effusion, i.e. serous, mucoid, purulent, sanguineous. An aliquot of each 

effusion was submitted for speciation to the Laboratory Services at Nationwide Children’s 

Hospital. Specimens were designated as negative if they showed no growth or normal 

cutaneous flora only. Specimens that were culture-negative, but positive for bacteria via 

Gram stain were designated positive. The effusions were frozen at −80°C for quantitation of 

DNABII proteins immunoblot analysis. In total 38 specimens were recovered and analyzed 

herein.

Quantitation of DNABII Proteins in Clinical Specimens

To quantitate the amount of each DNABII protein in our panel of 38 chronic OME 

specimens, an immunoblot assay was performed. First, an equivalent volume of each sample 

was incubated with an anti-mucolytic agent, 0.1 mg N-acetyl L cysteine (NALC) per ml 

solution (Sigma-Aldrich, St. Louis, MO) for 30 min in a 37°C water bath to promote both 

ease of use in this assay system and uniformity of sample constituency. The solution was 

then centrifuged at 17,000 × g for 10 min at 25°C and supernatants collected for use in the 

immunoblot assay. Standard curves were generated using known concentrations of native 

HU and IHF purified from nontypeable Haemophilus influenzae. Purified proteins of known 

concentration were prepared by serial two-fold dilutions to yield a standard curve that 

encompassed values from 7.8 ng per slot to 500 ng per slot. Immun-Blot PVDF LF 

membranes (Bio-Rad, Hercules, CA) were prepared according to manufacturer’s 

instructions prior to adsorption of purified HU, IHF or a 1:10 dilution of NALC-treated 

chronic OME samples by vacuum aspiration in a Bio-Dot SF Microfiltration Apparatus 

(Bio-Rad). Membranes were blocked with 2% normal goat serum (Bethyl Laboratories, 

Montgomery, TX) plus 2% skim milk (Sigma-Aldrich, St. Louis, MO) in Dulbecco’s 

phosphate-buffered saline (DPBS) for 1 hr at 25°C. To detect IHF or HU within chronic 

OME samples, membranes were incubated with polyclonal rabbit anti-IHFNTHI or 

polyclonal rabbit anti-HUNTHI, respectively, overnight at 4°C. Each polyclonal rabbit serum 

is specific for its protein target, with minimal cross-reactivity.24 Membranes were washed in 

DPBS plus 0.05% Tween 20 (DPBS-T) and incubated with 2 μg goat anti-rabbit IgG 

conjugated to AlexaFluor 594 (Molecular Probes, Eugene, OR) per ml DPBS for 1 hr at 

25°C. Membranes were rinsed once with DPBS-T and twice with DPBS prior to air drying, 

then imaged for 2.3 s with a FluorChem M system (ProteinSimple, San Jose, CA). Mean 

fluorescent intensity of each band was determined using AlphaView software (Protein 

Simple) and DNABII proteins within OME samples quantitated by comparison to our 
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standard curves based the relative fluorescence of purified IHF or HU protein bands using 

GraphPad Prism 6 (GraphPad Software, Inc. La Jolla, CA).

Statistical analysis

Statistical comparison of the amount of protein within the OME specimens was determined 

by unpaired t-test using GraphPad Prism software. A P-value ≤ 0.05 was considered 

significant.

RESULTS

Clinical characteristics

In total, 38 specimens were collected from October 2017 through July 2018. Twenty-six of 

38 (68%) effusions were collected from male patients, while 12 (32%) were from female 

patients. Patients ranged from 9 months to 19 years of age. Thirty-three individuals 

identified as White, while 4 identified as African American and 1 identified as Middle 

Eastern. Of 38 specimens collected, 21 were characterized as serous with no evidence of 

mucoid semi-solids, whereas 17 were mucoid.

Microbiology of the middle ear effusions collected

Thirty-eight samples collected were submitted for speciation at Department of Laboratory 

Medicine Clinical Laboratories at Nationwide Children’s Hospital. Of these, 37 samples 

yielded culture data (Table 1); no information on culture status or culture data was acquired 

for one specimen. Thirteen of the 37 specimens (35%) showed either no growth or normal 

cutaneous flora only, while bacteria or yeast were cultured from the remaining 24 specimens 

(65%). It was not unexpected that a proportion of specimens were culture-negative, as 

bacteria resident within a biofilm that is adherent to the mucosal epithelium within the 

middle ear is not likely to be recovered via aspiration of middle ear fluid that fills the middle 

ear cavity.11,13,31 Three specimens were polymicrobial.

Quantitation of DNABII Proteins in Clinical Specimens by Immunoblot

We utilized an objective assay to determine the presence and relative quantity of the 

DNABII proteins IHF and HU individually, within 38 chronic OME specimens. A 

representative immunoblot wherein varied amounts of IHF were detected in 16 OME 

specimens is shown in Fig. 1A. Specific for IHF, 95% (36/38) of specimens were positive 

for this protein at concentrations from 2 ng/ μl effusion to 481 ng/ μl effusion (Fig. 1B). In 

regards to HU, 95% (36/38) of specimens were positive and contained 13 ng/ μl effusion to 

5,264 ng/ μl effusion. Collectively, among the 38 OME specimens assayed, a significantly 

greater amount of HU (668 ± 217 ng/ μl effusion) was detected compared to IHF (150 ± 23 

ng/ μl effusion), a difference primarily due to 6 of 38 specimens wherein a concentration of 

greater than 1000 ng HU/ μl effusion was detected.

Furthermore, of the 13 specimens that were culture-negative, all 13 showed presence of IHF 

(Fig. 2A) and HU (Fig. 2B) via quantitative immunoblot assay and this range of 

concentrations (9 to 481 ng IHF/ μl effusion and 22 to 5264 ng HU/ μl effusion) was not 

statistically different from that obtained for culture-positive specimens (2 to 458 ng IHF/ μl 
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effusion and 12 to 6352 ng HU/ μl effusion). In summary, DNABII proteins, components 

that are critical to the structural integrity of bacterial biofilms, were present in 95% of all 

effusions tested, even when these specimens had been deemed culture-negative.

DISCUSSION

The pathogenesis of chronic OME is incompletely understood. Chronic OME often follows 

an episode of acute or recurrent otitis media and is characterized by the persistence of 

middle ear fluid without signs or symptoms of acute inflammation for greater than 3 months.
1 OME is a multifactorial condition that results from the interplay of chronic inflammation 

from bacterial or viral infections, deficiencies in innate immunity, genetics and mucosal 

hyperplasia.2 However, more recent work has demonstrated that the chronicity and 

recurrence of OME is also due to the presence of viable bacteria within a biofilm as shown 

in animal models and in clinical specimens. Hall-Stoodley et al. demonstrated biofilms in 

biopsy specimens from the middle ears of children undergoing tympanostomy tube 

placement for chronic OME and/or recurrent otitis media, but not in those of control 

children undergoing cochlear implantation.12 Later, Van Hoecke et al. detected the presence 

of Haemophilus influenzae-specific biofilm structures in culture-positive but not culture-

negative middle ear effusions using fluorescence in situ hybridization.32 Ours is the first 

investigation to identify and quantitate two essential biofilm structural components, IHF and 

HU, within effusions recovered from children with chronic OME.

Previous work has already shown that biofilms formed by nontypeable Haemophilus 
influenzae contain eDNA organized into a mesh-like lattice with bacterial DNABII DNA-

binding proteins located at the vertices of crossed strands of eDNA.33 Furthermore, DNABII 

proteins are a critical component for structural stability of the biofilm. Incubation of biofilms 

with antibodies against DNABII proteins results in their catastrophic collapse in vitro and 

their rapid clearance in experimental models of otitis media19,21,25, which indicates that 

these proteins can also serve as important therapeutic targets.

While the precise roles of each DNABII protein is not known, HU and IHF are differentially 

expressed with intracellular HU steady state levels being greatest during late exponential 

growth and IHF at its peak during early stationary phase. Hence the distinction in 

extracellular steady levels may be linked to the predominant growth phase of the extant 

biofilm. Notably, the 13 culture-negative specimens that were analyzed by immunoblot 

assay all contained the DNABII proteins IHF and HU. Therefore, culture status alone, which 

is already known to not be an accurate assessment of whether bacteria are the causative 

agents of chronic OME, is similarly not an accurate indicator of whether DNABII proteins 

may be present within the middle ear of these patients.

Whereas immunofluorescent microscopy has previously been used to demonstrate the 

presence of an eDNA lattice with associated DNABII proteins within otorrhea specimens29, 

the immunoblot technique employed in this study was able to not only reveal the presence of 

DNABII proteins within the chronic OME samples, but also to quantitate them. As the 

DNABII proteins serve as critical structural elements within bacterial biofilms, collectively, 
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our data lend further support to the hypothesis that bacterial biofilms are present in the 

majority of chronic middle ear effusions, despite negative culture results.

Currently, the mainstay of treatment for OME that persists longer than three months is 

insertion of tympanostomy tubes.1 Tympanostomy tubes allow for drainage of middle ear 

fluid, reduce symptoms of OME (including associated conductive hearing loss), and permit 

use of topical antibiotic drops during periods of acute infection, obviating the need for 

systemic antibiotic therapy. However, placement of tympanostomy tubes and tailored topical 

antibiotic treatment are often insufficient to treat chronic OME. In as many as 50% of 

patients with chronic OME, disease recurs after extrusion of ventilation tubes and repeat 

surgery may be required.34 An additional complicating factor is the risk of post-

tympanostomy tube otorrhea, the incidence of which is up to 74% within 12 months. Post-

tympanostomy tube otorrhea can also be very difficult to treat, and failure of topical 

antibiotic therapy may lead to the additional use of oral antibiotic therapy and possibly 

tympanostomy tube removal.35 In an earlier report, we showed that eDNA and DNABII 

proteins are present in post-tympanostomy tube otorrhea.29

Our work herein demonstrated that prior to the placement of tympanostomy tubes and 

potential development of post tympanostomy tube otorrhea, biofilms containing DNABII 

proteins are present chronic middle ear effusions. As many of our previous works indicate, 

antibodies directed against the DNABII proteins disrupt biofilms that contribute significantly 

to persistent middle ear disease. Moreover, those bacteria that are newly released from the 

biofilm via exposure to anti-DNABII serum are highly susceptible to antibiotics. As such, 

antibodies that target DNABII DNA-binding proteins have potential to serve as a novel 

therapy for children with chronic OME, particularly given that many of these children will 

have tympanostomy tubes in place that could serve as a conduit for delivery of these 

antibodies. Moreover, given that children with tympanostomy tubes frequently experience 

post-tympanostomy tube otorrhea, we reason that if administered prophylactically at the 

time of tube placement, a DNABII-targeted therapy could perhaps work in a preventative 

capacity and when administered during episodes of active otorrhea, in a therapeutic capacity. 

If proven successful, since OME is one of the leading causes of primary care visits and 

indications for surgery in the pediatric population, as well as the leading causes for hearing 

loss worldwide, this novel therapeutic approach has potential to relieve an enormous disease 

burden and/or obviate the need for multiple surgeries.

CONCLUSION

Chronic OME is a common disorder in childhood with large socioeconomic impacts and 

negative developmental implications for young children. Herein, we showed that 95% of 

chronic middle ear effusion specimens examined via quantitation contained essential biofilm 

components, members of the DNABII-family of DNA-binding proteins. Moreover, the 

aforementioned proteins were detected in serous and mucoid effusions through immunoblot 

techniques, even when the specimens were culture-negative. The presence and ubiquity of 

these DNABII DNA-binding proteins in this panel of clinical samples indicated that these 

bacterial proteins provide an important additional clinical target for our novel DNABII-

directed strategy to treat biofilm diseases such as chronic otitis media with effusion. Such 
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therapies could have wide-reaching potential to serve in both therapeutic and preventative 

capacities for the vast population of children worldwide who are affected by OME.36
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Figure 1. Quantitation of IHF and HU in effusions recovered from children with chronic OME.
Caption: Panel A, representative immunoblot to demonstrate varied amount of IHF detected 

in a panel of 16 OME specimens. Panel B, quantitation of IHF (blue circles) and HU (red 

circles). Among the 38 OME specimens collected, 95% were positive for both IHF and HU 

proteins by quantitative immunoblot analysis, and overall, a significantly greater amount of 

HU was detected, compared to IHF (P≤ 0.05). These data indicated that the immunoblot was 

highly sensitive in ability to both reveal the presence of DNABII proteins within the chronic 

OME samples, as well as quantitate them. *, P≤ 0.05
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Figure 2. Lack of correlation between culture status of each chronic OME specimen and 
quantity of IHF (Panel A) or HU (Panel B) as determined by immunoblot assay.
Caption: Of 13 samples that yielded negative culture results, all 13 were positive for the 

DNABII proteins IHF and HU by quantitative immunoblot assay, as depicted by the blue 

circles. Red squares indicate the concentration of IHF or HU detected by quantitative 

immunoblot in the 24 specimens that yielded positive culture results. White squares depict 

specimens wherein the quantitative immunoblot assay yielded zero IHF or HU, but positive 

culture results for bacteria or yeast were obtained. No significant difference in quantity of 

either IHF or HU was calculated between specimens that were culture-positive versus those 

that were culture-negative. In sum, DNABII proteins were shown to be present by objective 

immunoblot assay even in the 13 specimens that had been deemed culture-negative.
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Table 1:
Identification of microbes within chronic OME samples

Caption: Tabular presentation of microorganisms identified by traditional culture techniques. Of the 38 

specimens sent for speciation, 37 yielded results. Of these 37, 24 (65%) grew bacteria or yeast, while the 

remaining 13 (35%) showed either no growth or normal cutaneous flora. Three specimens were polymicrobial.

Organism identified by culture N

Staphylococcus sp. 11

Corynebacterium-like Gram + bacilli 3

Haemophilus influenzae 2

Pseudomonas aeruginosa 1

Turicella otitidis 1

Moraxella catarrhalis 1

Acinetobacter baumaii 1

Streptococcus sp. 1

Gram + or Gram – on Gram stain only 3

Yeast 3

No growth 13

No culture data obtained 1
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