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Abstract
Background—S100A12 is a calcium-binding protein predominantly expressed in neutrophil
granulocytes in response to infections or inflammation. Acute otitis media (AOM) is a local
infection mainly caused by Streptococcus pneumoniae (Spn), nontypeable Haemophilus influenzae
(NTHi) and/or Moraxella catarrhalis (Mcat).

Methods—To study if S100A12 values could serve as a diagnostic marker, serum S100A12
concentrations were tested in young children before, at onset and after recovery from AOM.

Results—Among 116 children with AOM we found that serum S100A12 concentrations were
significantly increased at onset of AOM compared to before infection (p=0.0001), and returned to
normal levels when the children recovered from the infection (p=0.01). Elevation of S100A12
correlated with the presence of Spn (p=0.004) or NTHi (p=0.04) in the middle ear, but not with
Mcat or upper respiratory viral infection. Change in serum value of S100A12 at onset of AOM
were not related to the frequency of occurrence of AOM or the age of the child.

Conclusion—S100A12 may be a useful biomarker for onset of AOM due to Spn and NTHi; and
for following children with AOM.
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INTRODUCTION
Acute otitis media (AOM) is one of the most frequent diseases of childhood. AOM episodes
can impair hearing in early childhood, which may result in long-term consequences for
speech and language development (1). AOM is a local infection of the middle ear and the
common pathogens are Streptococcus pneumoniae (Spn) (25% to 50%), nontypeable
Haemophilus influenzae (NTHi) (25% to 50%), and Moraxella catarrhalis (Mcat) (3% to
20%) (2). At onset of infection, infiltration of neutrophils and monocytes/macrophages to
the middle ear occurs and many pro-inflammatory cytokines are induced, which promote
inflammation and cause significant tissue damage. Identification of biomarkers that could
indicate the presence of bacterial AOM infection in the context of a viral upper respiratory
infection (URI) could benefit in diagnosis, assessment of infection outcome, monitoring
populations at higher risk and evaluation of vaccine candidates.
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Recently, S100 proteins which originate from phagocytic cytosol have been shown to bear
an excellent potential as serum and local markers of inflammation. These pro-inflammatory
molecules are activated during the innate immune response in several infectious diseases (3–
5). No information on measurement of S100A12 in acute otitis media (AOM) has been
previously reported.

Here we report serum S100A12 changes from a pre-infection, healthy state compared with
the time of onset of clinical AOM (pathogen-confirmed by tympanocentesis) and then after
clinical recovery from AOM has occurred. Serum value of S100A12 were analyzed
according to specific otopathogens (Spn, NTHi, Mcat) and compared with levels during viral
URI. The concentrations of S100A12 at onset of AOM in otitis prone (OP) and non-otitis
prone (NOP) children and children at various ages were also studied. The findings support
our hypothesis that serum S100A12 is a potential biomarker for bacterial AOM caused by
Spn and NTHi.

MATERIALS AND METHODS
Subjects

The human samples evaluated in this study were collected as part of a prospective,
longitudinal study funded by the National Institute for Deafness and Communication
Disorders that commenced in June 2006. All the children had samples of serum and
nasopharyngeal (NP) and oropharyngeal secretions collected at 6, 9, 12, 15, 18, 21, 24, and
30 months of age. At some of those visits children had a clinical viral URI as previously
defined (6). When children developed symptoms of AOM they were brought to the study
physicians for diagnosis and treatment. The diagnosis of AOM was made based on
symptoms of fever, irritability or ear ache, and physical signs of inflammation of the
tympanic membrane (bulging) with the presence of middle ear fluid (pus-laden fluid)
documented by tympanocentesis. After being diagnosed with AOM, children received
amoxicillin/clavulanate as the primary antibiotic treatment and returned for a follow-up visit
three weeks later. Informed consent was obtained at enrollment from the parents or
guardians. The sample collection was approved by the IRB at Rochester General Hospital.

For the population studied, the following criteria for subject selection were adopted: (1)
Age: all the children were between 6–33 months old. (2) AOM patients: bacterial culture
from MEF was positive and pathogen species was verified. (3) Pre-infection healthy stage:
the samples were collected within 3 months before the AOM and without any other
infections or diseases. (4) Convalescent stage: the samples were collected after successful
treatment of AOM at 3 weeks and the child was in a healthy condition. (5) Virus infected
samples: the patients had common cold symptoms such as fever and runny nose. (6) Otitis
prone (OP) children: AOM occurred 3 times in 6 months or 4 times in 12 months. (7) Non
otitis prone (NOP) children: AOM occurred only one time. Any subject with another disease
or infection was excluded.

Specimen collection
The method of collection of NP and OP samples, peripheral blood mononuclear cells
(PBMCs), serum and the tympanocentesis procedure have been previously described (2).

Identification of otopathogens
Identification of Spn, NTHi and Mcat was performed as described previously (2). Whenever
the pathogen was questionable, verification was performed by multiplex PCR, as described
previously (7).
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Measurement of S100A12 mRNA
Total RNA was extracted from PBMCs using a QIAamp RNA blood Mini Kit (Qiagen,
Maryland, USA) according to the manufacturer’s instructions. Total RNA was reverse
transcribedto cDNA using an RT2 first strand kit (SABiosciences). Quantitative real-time
reverse transcriptase PCR (qRT-PCR) was performedusing a CFX 96 thermocycler (Bio-
Rad) with RT2 Profiler human custom kit. The threshold and baseline were set automatically
using the pcr/arrayanalysis method according to the manufacturer’s instructions
(SABiosciences). CT data were uploaded into the data analysis template on the
manufacturer’s website (http://www.sabiosciences.com/pcr/arrayanalysis.php). The relative
expression of genes compared with the expression in control samples was calculated on the
website using the ΔΔCT method with five housekeeping genes as controls.

Measurement of S100A12 protein
ELISA was performed with the CircuLex S100A12 ELISA Kit. In this assay, a monoclonal
antibody specific for S100A12 was pre-coated onto a 96-well microplate. 100ul of diluted
serum was pipetted into the wells and the immobilized antibody bound any S100A12
present. After washing, an HRP conjugated polyclonal antibody specific for S100A12 was
added to the wells and incubated at room temperature for 1h. Following a wash, the
conjugate was reacted with the substrate H2O2-tetramethylbenzidine. The absorbance of the
resulting product was measured at 450 nm. A standard curve was constructed by plotting
absorbance values versus S100A12 concentrations of calibrators, and concentrations of
unknown samples were determined with the standard curve.

Virology
Virology studies were done by the Rochester General Hospital Clinical Laboratories.
Influenza A, Influenza B, and RSV were detected by rapid EIA or recovered in culture, all
other respiratory viruses were recovered in culture. Due to the methodology, rhinoviruses
were not detected. In 2006 to 2007 samples were inoculated onto RMK tube cultures while
from 2008 to 2010 they were inoculated onto shell vial cultures.

Statistical analysis
Data from ELISA were analyzed using non-parametric test with two-sided rank analysis. For
pathogen specific analysis, data was analyzed by comparing children prior to AOM
(healthystate) at the time of AOM and 3 weeks after AOM diagnosis (convalescent state)
with paired t-tests. For age difference analysis an ANOVA test was performed. P values <
0.05 (two-tailed) were considered statistically significant.

RESULTS
Serum concentrations of S100A12 at onset of AOM

To study the concentration change of serum S100A12, the sera from 116 children with
AOM caused by bacterial infection (bacteria present in MEF and clinical AOM) were
analyzed by ELISA. We had sera available from 69 of those children shortly before (<3
months prior) AOM. The mean sera S100A12 value from children with AOM was
significantly elevated (36.7 +/− 72.4 ng/ml) compared that before infection (12.1+/−19.8 ng/
ml, p=0.0001).

Serum concentration of S100A12 returns to normal after recovery from AOM
To determine if the serum concentration of S100A12 reflected a successful clinical outcome
from infection, we had sera from 74 children available to test from the convalescent stage
(bacteria presumed eradicated from MEF after pathogen-directed antibiotic treatment
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because the child had no AOM symptoms or signs). It was found that serum concentrations
of S100A12 dropped to pre-infection values; (13.5 +/− 22.1 ng/ml), a significant change
compared to the onset of AOM (P= 0.01).

Serum concentration change of S100A12 in children with AOM caused by Spn, NTHi and
Mcat

A pair-wise comparison of serum S100A12 concentration was performed for 41 children
with AOM caused by Spn between the onset of AOM state and the pre-infection, healthy
state; a significant difference was observed (P = 0.004) (Fig. 1). The pair-wise comparison
for 29 children with NTHi-induced AOM was also significant (44.1+/−65.4 ng/ml versus
22.9+/−27.1 ng/ml; p=0.044) (Fig. 1). In 17 children with Mcat-induced AOM, serum
S100A12 levels were not different at onset of AOM compared with the pre-infection,
healthy state (P=0.18) (Fig. 1).

Serum concentration of S100A12 protein in children during viral upper respiratory
infection

It is well known that AOM occurs conconcurrently with viral URIs (6). To study if viral
URIs increase serum concentrations of S100A12, S100A12 were tested in 34 sera collected
from children infected by respiratory viruses (laboratory confirmed) but without AOM
symptoms and signs (9 RSV, 12 influenzae A, 5 influenzae B, 6 parainfluenzae 1 or 2 and 5
adenovirus). The level of S100A12 in those 34 children was not different from 74 samples
from children who recovered from AOM (p=0.08).

Serum levels of S100A12 in healthy children of various ages
We assessed differences in S100A12 serum levels in 111 children of different ages at onset
of AOM: children were 6–9 months (n = 30), 9–12 months (22), 12–15 months (n= 20), 15–
18 months (n = 14), 18–24 months (n = 13), and 24–33 months (n=9), respectively. There
was no significant difference in levels among age cohorts (P=0.5), (data not shown).

Serum values of S100A12 in otitis prone and non-otitis prone children
Serum concentrations of S100A12 were analyzed to determine if they would differ among
non-otitis prone (n-84; 13.53+/−23.07 ng/ml) and otitis prone (n=28; 14.02+/−15.72 ng/ml)
children at onset of AOM, no difference was found (p=0.2).

DISCUSSION
The present study shows that serum concentrations of S100A12 are significantly increased
in children at onset of AOM caused by Spn or NTHi. The concentrations of S100A12 were
not significantly affected by Mcat, upper respiratory viral infection, child age at onset of
AOM or frequency of AOM episodes. Our study suggests that serum S100A12 may be a
useful biomarker for onset of AOM caused by Spn or NTHi and for monitoring resolution
after infection.

So far, reference values for S100A12 in serum specimens in children have not been reported
and normal or reference serum values of S100A12 in adults are uncertain. With a
monoclonal sandwich ELISA, several groups found that mean serum S100A12 levels of
healthy adults ranged from 10.7 to 75.0 ng/mL (3, 8, 9, 10). However, when using other
methods, like mass spectrometry, mean values of S100A12 below 10 ng/mL for healthy
adults were obtained (11). The current study showed that the mean serum concentration of
S100A12 in normal healthy children was 12.1 ng/mL. With recovery, S100A12 serum levels
had a mean of 13.5 ng/mL. This observation provides the first reference for future study of
S100A12 in children.
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Broides et al (12) found that white blood cell (WBC) counts were higher in the MEF of
patients with culture-positive AOM caused by Spn than in those with culture-negative AOM
(12). Qvarnberg et al. (13) also found a higher number of neutrophils in AOM caused by
Spn than in AOM cases in which no pathogens were isolated. The significant increase of
S100A12 serum concentrations in children with AOM may be related to the activation,
proliferation and recruitment of neutrophils and other inflammatory cells to the middle ear
site.

We found that serum S100A12 value varied among otopathogens. In Spn-induced AOM,
S100A12 was elevated more than in NTHi-induced AOM; and in Mcat- induced AOM, no
significant change of S100A12 was found. This observation may be related to the pathogen-
stimulated activation of neutrophils. Previous clinical work has shown that AOM caused by
Spn is associated with significantly more symptoms and signs of inflammation than AOM
caused by NTHi or Mcat (14–16). The number of WBC counted in the MEF of patients with
AOM caused by Spn has been shown to be significantly higher than the number of white
blood cells found in the MEF of patients with AOM caused by NTHi (12).

Respiratory syncytial virus, rhinovirus, influenza or parainfluenza viruses are frequently
detected in the NP and sometimes in the middle ear fluid of children with AOM (6). To
assess whether the elevated serum levels of S100A12 at onset of AOM were a consequence
of a viral URI, we evaluated serum levels of S100A12 in such children and in healthy, virus
negative children. As expected no differences were found between the two groups, because
secretion of S100A12 is an indicator of activated neutrophils, and many upper respiratory
viral infections, including those caused by influenza and parainfluenza, decrease the
neutrophil count (17, 18). The finding that serum S100A12 levels and responses were not
different among different age cohorts or among NOP and OP children suggests neutrophil
activation is not affected by age in the range we studied (6–33 months) or by the OP state.
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Fig. 1. Serum S100A12 level change in AOM caused by Spn, NTHi and Mcat
AOM caused by Spn (N=41), p=0.004; by NTHi infection (N=29), p=0.04; and by Mcat
(N=17) p=0.18. Values shown are mean +/− standard error.
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