1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

o WATIG,

HE

M 'NS;))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Pedjatr Infect Dis J 2012 April ; 31(4): 325-330. doi:10.1097/INF.0b013e318241afe4.

Presence of Viral Nucleic Acids in the Middle Ear: Acute Otitis
Media Pathogen or Bystander?

TASNEE CHONMAITREE, MD1, AINO RUOHOLA, MD, PHDZ2, and J. OWEN HENDLEY, MD3

1Departments of Pediatrics, University of Texas Medical Branch, Galveston, TX, USA 2Turku
University Hospital, Turku, Finland 3University of Virginia Health System, Charlottesville, VA, USA

Abstract

Viruses play an important role in acute otitis media (AOM) pathogenesis and live viruses may
cause AOM in absence of pathogenic bacteria. Detection of AOM pathogens generally relies on
bacterial culture of middle ear fluid. When viral culture is used and live viruses are detected in the
middle ear fluid of children with AOM, the viruses are generally accepted as AOM pathogens.
Because viral culture is not sensitive and does not detect the comprehensive spectrum of
respiratory viruses, polymerase chain reaction (PCR) assays are commonly used to detect viral
nucleic acids in the middle ear fluid. While PCR assays have greatly increased the viral detection
rate, new questions arise on the significance of viral nucleic acids detected in the middle ear
because nucleic acids of multiple viruses are detected simultaneously, and nucleic acids of specific
viruses are detected repeatedly and in a high proportion of asymptomatic children. This article first
reviews the role of live viruses in AOM and presents the point-counter point arguments on
whether viral nucleic acids in the middle ear represent an AOM pathogen or a bystander status.
While there is evidence to support both directions, helpful information for interpretation of the
data and future research direction are outlined.
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BACKGROUND

(Dr. Chonmaitree)

Acute otitis media (AOM) occurs most commonly as a continuum of viral upper respiratory
tract infection (URI) (1). AOM is defined by 3 criteria: acute onset of symptoms (e.g. fever,
irritability, earache), signs of inflammation of the tympanic membrane and presence of
middle ear fluid (MEF). Evidence to date suggests the importance of respiratory viruses in
AOM pathogenesis, as well as their role as AOM pathogens. When live bacteria and/ or
viruses are detected in the MEF of children with AOM, the microbial organisms are
generally accepted as AOM pathogens. Detection of viruses in the MEF, however, had been
dampened by the insensitivity of the conventional viral assays (viral culture and antigen
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detection). While molecular diagnostic techniques have increased detection of viruses in the
MEF, they have generated new research questions on pathogenicity of the detected viruses.
This review presents background information on the role of viruses in AOM and the
problems with detection of pathogens in the MEF leading to discussion on interpretation of
the findings ‘presence of viral nucleic acids in the middle ear’.

Role of viruses in AOM pathogenesis and effects of viral infection of the middle ear

Bacterial pathogens of AOM including Streptococcus pneumoniae, Haemophilus influenzae
and Moraxella catarrhalis are those that colonize the child’s nasopharynx without causing
symptoms until there is an acute inflammation of the nasopharynx that is mainly caused by
viral URI. The mechanisms by which viral URI induces AOM have been partially elucidated
based on data obtained from experimental animal studies, from studies of adult volunteers
infected with respiratory viruses, and from studies of children with URI and AOM.

Virus-induced inflammation of the nasopharynx, which also extends to the Eustachian tube
(ET), occurs mainly by way of production and release of cytokines and inflammatory
mediators. Inflammation provokes ET dysfunction by reduction of the tube’s protective and
transport functions (2) resulting in loss of pressure equilibrium between the nasopharynx
and the middle ear, impairment of the protective function of the tube, and reduced clearance
by the tube; these allow bacteria and/or virus to invade the middle ear (3). The mechanisms
by which the colonized bacteria are activated to become pathogens in the middle ear are still
under investigation.

Viruses also interact with bacteria and concurrent viral infection of the middle ear or the
respiratory tract significantly worsens the clinical course of bacterial AOM. In chinchillas,
the incidence of experimental OM was higher in animals with combined bacterial and viral
infection than those with either bacterial or viral infection alone (4). Severity of OM was
also greater in animals with combined infection than in those with bacterial or viral infection
alone (5). In children with AOM, bacteriologic failure 2-4 days into antibiotic therapy
occurred in a significantly higher proportion of patients whose MEF contained both bacteria
and virus, than in the group with bacteria alone (6); concurrent viral infection of the
respiratory tract or the middle ear is associated with poor treatment outcomes (7). These data
were derived from studies using conventional viral diagnostics (culture and antigen
detection). One explanation for poor AOM outcome associated with viral infection of the
middle ear is virus-induced inflammation. In MEF from children with AOM, concentrations
of interleukin-8, histamine and leukotriene B4, have been found to be higher in MEF
containing both bacteria and virus, than in MEF containing bacteria or virus alone (8, 9).
Another explanation related to the ability of the viruses to induce local inflammation and
immunologic reactions that interfere with penetration of antibiotic or dilute antibiotic
concentration in the MEF; evidence to support these observations come from both data
obtained in chinchilla experiments and in children with AOM (10, 11).

Viruses as AOM pathogens

While live viruses induce the initial process that leads to infection of the middle ear by
bacteria, they may also enter the middle ear during AOM development. Importantly, viruses
alone, without presence of bacteria can cause AOM, both in experimental animals and in
infants and children. In a study in chinchillas (4), S. pneumoniae and/ or influenza A virus
were inoculated into the animals intranasally. Bacteria alone induced AOM in 21% of
animals, while both bacteria and virus induced AOM in 31%. Influenza A virus alone
induced AOM in 4% of animals; the MEF was culture positive for influenza A. In another
study involving chinchillas (2), intranasal inoculation of adenovirus type 1, in the absence of
bacteria, caused mild to moderate tympanic membrane inflammation. Studies of infants and
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children with AOM for bacterial and viral etiology using conventional viral diagnostic
methods have shown viruses in the MEF of 11-25% of cases. In 5-15% of these cases, only
viruses (without bacteria) were detected in the MEF (12). Detection of viruses in the MEF
has not been performed routinely in AOM studies, mainly because of technical difficulties,
costs, and unavailability of treatment for broad spectrum of respiratory viruses.

Detection of AOM pathogens

AOM pathogen detection relies mainly on bacterial culture of the MEF; isolation of bacterial
pathogens varies between 70% and 84% of cases and ‘sterile” MEFs account for up to 30%
(13). When both conventional bacterial and viral diagnostics were used (e.g. bacterial and
viral cultures, with or without viral antigen detection), bacteria alone were detected in the
MEF of 55% of AOM cases; viruses and bacteria together in 15%; viruses alone in 5%; no
pathogen was detected in 25% of cases (12) (Figure 1A). It is clear that conventional assays
under-detect viruses and may also under-detect bacteria. Furthermore, conventional viral
diagnostics can’t detect specific respiratory viruses that commonly cause URI such as
coronavirus, human metapneumovirus and bocavirus. Because respiratory viruses have been
shown to play an important role in AOM pathogenesis and viruses alone can cause AOM,
researchers have used more sensitive assays to detect viruses. Molecular diagnostics such as
polymerase chain reaction (PCR) assays have been used to detect viral nucleic acids in the
MEF of children with AOM (14-17). In a study using comprehensive diagnostic methods
including conventional and molecular testing for bacteria and broad spectrum of respiratory
viruses, bacteria alone was detected in the MEF in 27% of cases, bacteria and viruses
together in 66%, viruses alone in 4% (18). The proportion of cases with no pathogen in the
MEF was only 4%, a substantial difference from 25% reported previously (Figure 1B).

Molecular diagnostic results generate new research questions

While molecular diagnostics increase sensitivity for viral detection and enable detection of
viruses that are not detected by culture, findings from these tests have generated new
important questions on pathogenicity of the detected virus. First, nucleic acids of multiple
viruses are detected simultaneously raising the question on which virus is the true
‘pathogen’ (1, 19). Second, viral nucleic acids of specific viruses such as adenovirus,
bocavirus, enterovirus and rhinovirus are found repeatedly in nasopharyngeal samples
collected sequentially from children suggesting prolonged presence of viruses in the
respiratory tract (20-22). Lastly, nucleic acids of many respiratory viruses are detected in the
nasopharynx in high proportion (up to 56%) of asymptomatic children (23-27).

While current data support the importance of viral infection of the middle ear (as
represented by the presence of live viruses in the MEF), there has been no study to associate
the presence of viral nucleic acids and the degree of middle ear inflammation. The point-
counterpoint discussions below share the viewpoints on interpretation of the finding whether
presence of viral nucleic acids in the MEF of children with AOM indicates their role as
AOM “pathogen’ or it is simply the ‘bystander’.

POINT: Viral Nucleic Acids in the Middle Ear Indicates AOM “PATHOGEN"
(Dr. Ruohola)

Plenty of evidence supports the concept that presence of viral nucleic acids in the MEF
indicates that viruses are pathogens. It must be acknowledged, however, that the evidence is
indirect and to date there there has been no attempt to prove or negate the concept directly.
The supportive evidence is presented below.

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 April 1.
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Presence of bacterial nucleic acids in the middle ear indicates their role as pathogens

Bacterial studies have shown that the findings of bacterial nucleic acids in the MEF are
related to live metabolically active microbes. Based on an animal study, bacterial nucleic
acids from killed bacteria disappeared rapidly from the middle ear; only nucleic acids of live
bacteria stayed longer than a few days (28). In a landmark study, Rayner at el. examined
MEF samples taken from children at the time of tympanostomy tube insertion (29); they
demonstrated messenger-RNA of H. influenzae in 28 of 29 samples. These samples were
culture negative but PCR positive for H. influenzae. Since the half-life of messenger-RNA is
only seconds to minutes, this was strong evidence that the detection of nucleic acids is
related to live metabolic active microbes.

Viral nucleic acids as etiologic agents in other infections

First, it could be asked why the detection of viral nucleic acids in MEF would not be a proof
of pathogenic role of viruses in AOM as it is in several other infections such as meningitis,
encephalitis, hepatitis, and HIV.

PCR has become the method of choice to detect the etiologic agents of central nervous
system infections (30, 31) The superiority of PCR over viral culture was shown in a study
analyzing 301 cerebrospinal fluid samples from clinical practice. Enteroviral etiology could
be determined in only 6% of patients by viral culture while in 18% of samples enteroviral
nucleic acids were detected by PCR (32).

Viral nucleic acids as etiologic agents in respiratory infections

Respiratory viral nucleic acids are often detected by PCR from nasopharyngeal samples
from children and adults with acute respiratory symptoms. In more recent cross-sectional
studies, PCR also detects respiratory viral nucleic acids from nasopharyngeal samples of
asymptomatic individuals. A careful longitudinal study was performed in Charlottesville,
Virginia, with weekly sampling from children aged 1-9 years (33). This study showed that
although viral nucleic acids could be detected occasionally in children who presented with
no symptoms, positive viral findings were seen almost always within one week before or
three weeks after onset of symptoms. Thus, the vast majority of positive viral findings were
actually related to symptomatic infections. Furthermore, the shedding of viral nucleic acids
was episodic and no chronic shedding was detected (Figure 2). On the other hand, Jartti et
al. demonstrated that children with prolonged symptoms actually had serial viral infections
instead of prolonged infections (34) pointing out the importance of viral nucleic acid
detection.

In another study, the research group in Charlottesville has also shown that viral nucleic acid
detection indicates true infection even in asymptomatic children (35). Following children
with weekly pneumatic otoscopy and periodic sampling for viral PCR, otitis media was
diagnosed in 46% of symptomatic and in 33% of asymptomatic children, all of whom had
positive viral PCR detections. The researchers concluded that otitis media is a complication
of viral infection both with and without concurrent symptoms, thus downwardly biasing
coincidence estimates that use symptomatic illnesses as the denominator.

Serologic response is regarded as a definite evidence of infection. One of the strongest
evidence that viral nucleic acids are a proof of etiology comes from a cohort of 258 children
hospitalized because of acute wheezing (36). Comprehensive viral diagnostics was
performed yielding 19% of nasopharyngeal aspirates to be positive for human bocavirus by
PCR. Of these bocavirus positive children, 71% showed serologic response while only 6%
of children not harboring bocavirus in their nasopharynx showed serologic response.

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 April 1.
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In summary, nucleic acid detection of respiratory viruses from nasopharyngeal samples has
been widely accepted in diagnosis of respiratory infections (37). Viruses enter the middle
ear via Eustachian tube from the nasopharynx and there is not a rationale that their role as
infectious agents would be different in nasopharynx than that in the middle ear.

COUNTERPOINT: Presence of Viral Nucleic Acids Represents only
“BYSTANDER”
(Dr. Hendley)

Although it seems to me that the moderator of this debate favors the “pathogen” role for
viral nucleic acids in the middle ear during AOM, | would argue that the “bystander” role is
more likely, based on three points.

Picornavirus nucleic acids are commonly present in nasopharynx of children

This point was demonstrated in a longitudinal surveillance study in healthy children in
which nasal/ nasopharyngeal secretions were obtained weekly and tested for picornavirus
RNA with RT-PCR (33). Respiratory illnesses were diagnosed from a daily symptom record
maintained by the parent(s). The findings pertinent to this point are illustrated in Figure 2, in
which timelines from two siblings are shown. During the five months of surveillance the 4-
year old had 4 picornavirus illnesses and one infection without illness which coincided with
an infection without illness in her sibling. The 5-year old had 3 picornavirus illnesses and 2
infections without reported illness. Her third infection (2 consecutive positives) occurred at
the time of picornavirus illness in her sibling. The picornavirus infections in these girls were
marked by PCR positivity for 1 to 3 weeks followed by PCR negative samples in subsequent
weeks. In view of the fact that an episode of picornavirus infection occurred in healthy
children in this study (33) once every two months, picornavirus RNA would be present in
nasopharyngeal secretions for one to three weeks out of every eight to reach the middle ear
during swallowing and yawning (see below).

Virus in the middle ear during AOM is also present in the nasopharynx

Virus present in the middle ear during AOM (detected by RT-PCR or time-resolved
fluoroimmunoassay) is usually present in nasopharyngeal secretions obtained the same time
(Table 1). In three Finnish studies (15, 38) in which virus was detected in the MEF obtained
by tympanocentesis or myringotomy with aspiration, the identical virus was found in the
nasopharynx in 65 to 80% of children.

The Eustachian tube allows air to pass to the middle ear during swallows/yawns

The middle ear can be thought of as a box with the tympanic membrane comprising the
lateral wall (Figure 3). Air in the middle ear cavity is connected to mastoid air cells by way
of a tube labeled aditus. Air reaches the middle ear via the Eustachian tube which originates
at an opening on the lateral wall of the nasopharynx at the level of the hard palate. In
children the tube is shorter and more horizontal than in adults, and the pharyngeal orifice is
slit-like. About one-third of the middle ear cavity and the entire Eustachian tube are lined
with mucociliary epithelium so that particulate matter including bacteria can be transported
back to the nasopharynx. The nasopharyngeal orifice of the Eustachian tube is normally
closed. For equilibration of the air pressure in the middle ear with ambient pressure the
Eustachian tube orifice is opened passively by action of the levator and tensor veli palatini
muscles during swallowing and yawning. This allows air from the nasopharynx to pass
through the tube to the middle ear. It has been thought that secretion from the nasopharynx
does not reach the middle ear by passage through the tube when the tympanic membrane is

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 April 1.
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intact due to the narrowness of the mid portion of the tube and the cushion of air in the
middle ear.

My belief that secretion from the nasopharynx frequently reaches the middle ear in normal
humans is based on a study (39) of three healthy adults in whom radiopaque contrast dye
was delivered to the orifice of the Eustachian tube while they were in a lateral decubitus
position. After each dye aliquot the subject swallowed and yawned. The same procedure was
carried out with the contralateral nasal cavity in the dependent position before CT scanning
to determine whether the contrast had reached the middle ear. In two of the three subjects
contrast was present in the middle ear in addition to presence in the Eustachian tubes (39).

Although the number of subjects in this study was small, it seems reasonable to conclude
that secretion from the nasopharynx reaches the middle ear during sleep in adults (and
children). The mucociliary clearance by the Eustachian tube is the factor responsible for
keeping the ear “sterile”. Milk otitis certainly occurs in infants drinking from a bottle while
recumbent (40). Viral nucleic acids may be transiently present in the middle ear during
AOM after arriving during pressure equilibration rather than a resident causing infection of
the middle ear mucosa.

In summary, the evidence supporting “Bystander” includes: 1) virus in middle ear during
AOM is present in the nasopharynx 75% of the time; 2) secretions containing virus from the
nasopharynx may reach the middle ear during swallows/yawns via the Eustachian tube; and
3) virus in the middle ear may simply be “passing through”, to be returned to the
nasopharynx by mucociliary clearance of the Eustachian tube.

CONCLUSIONS / FUTURE RESEARCH

(Dr. Chonmaitree)

In AOM research, use of molecular techniques to detect viral nucleic acids in the MEF is
unavoidable because of the importance of respiratory viruses in AOM pathogenesis,
insensitivity of the conventional viral diagnostics and their inability to detect specific
respiratory viruses. The above discussions argue for positive PCR findings to represent both
roles as pathogen and bystander. Therefore, positive findings of viral nucleic acids in the
middle ear during AOM must be interpreted with caution.

Specific information may help with the interpretation of results. The type of virus nucleic
acids detected is important; adenovirus, rhinovirus, enterovirus, and bocavirus nucleic acids
are found repeatedly in respiratory secretions collected frequently from children while
respiratory syncytial virus, influenza, and coronavirus are not (20-22, 33). These data
suggest either repeated infections or tendency for prolonged presence / persistence for some
respiratory viruses but not all. Therefore, PCR data from previous and recent samples, when
available, can be helpful. Detection of single virus as opposed to multiple in symptomatic
children also suggests the importance of the finding. Quantitative PCR (viral load) has been
use as a way to help indicate the significance of the detected viruses and there have been
suggestions to use viral load cut off values to separate virus cause from persistence (27, 41),
but the issue is still controversial. While many studies reported overall positive correlation
between viral load and symptom severity (21, 42-44), others did not find significant
relationship between the quantity of specific viruses and selected clinical outcomes (45).
Viral load and symptom correlation may depend on specific viral types or clinical diagnoses
and there is still a need to determine the significance of viral load in URI and the risk for
AOM development.

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 April 1.
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Further studies are required for better understanding of the value of molecular diagnostics in

sy

mptomatic and asymptomatic URI, as well as to determine the impact of the presence of

viral nucleic acids in the MEF on the degree of middle ear inflammation and its clinical
implication.
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A
Microbiology of AOM - ME- Data
(Bacterial & Viral Culture and RSV-HA)

Bacteria alone 55%
No Pathogen 25%

Viruses 5%

Bacteria & Virus 15%

B

Microbiology of AOM - MEF Data

(Conventional and Molecular Diagnostics)
Viruses Alone 4% No Pathogen 4%
Bacteria Alone 27%
Bacteria & Viruses
66%

Figure 1.

Microbiology of AOM; bacterial and viral findings of the MEF from children with AOM.
Figure 1 A: data compiled from 5 studies (708 children) using bacterial and viral culture and
respiratory syncytial virus-Ag detection by enzyme immunoassay (ref. 12). Figure 1B: data
from a study of 79 children (with acute ear infection and drainage through existing
tympanostomy tubes) using comprehensive microbiologic assays, including conventional
and molecular viral diagnostics (ref. 18).
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Figure 2.
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Timeline of two siblings ages 4 years (above) and 5 (below). PV, Picornavirus RT-PCR; O,
negative test; +, Picornavirus positive; RI, Respiratory illness; Bar, span of reported
symptoms, dashed line-connects positive samples to associated illness. Reprinted from J.
Med. Virol. 78:644-650, 2006. Picornavirus RNA was detected in 42% of weekly samples of
nasopharyngeal secretions.
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Table 1

Viruses Detected in Middle Ear (ME) during AOM: Frequency of Detection of Identical Virus in
Nasopharynx (NP)

Virusin ME  Identical Virusin NP Frequency  vjryses Sought® Reference
46D 35D 75% Picorna, RSV, Corona 15
252 163 65% Broad spectrum 38C
579 466 80% Broad spectrum 3gd

aViral presence determined by PCR or Time-resolved fluoroimmunoassay
bNumber of children with AOM with virus present in middle ear or nasopharynx
cFinn Cohort Study

dFinn Vaccine Study
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