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Abstract
Non-typeable Haemophilus influenzae (NTHi) is the most common bacteria responsible for
episodic acute otitis media (AOM; non-otitis prone), recurrent AOM (rAOM; otitis prone) and
AOM treatment failure (AOMTF) in children. In this 3.5 years of prospective study, we measured
the serum antibody response to outer membrane proteins D, P6 and OMP26 of NTHi in children
with AOM (n= 26), rAOM (n= 32), AOMTF (n=27). The geometric mean titers (GMTs) of IgG at
their acute AOM visit against protein D in otitis prone children were significantly lower compared
to AOMTF (p value < 0.01) and non-otitis prone (p value <0.03) children; otitis prone children
had significantly lower IgG levels to P6 compared to AOMTF children (p value < 0.02); otitis
prone children had significantly lower IgG levels to OMP26 compared to AOMTF children (p
value <0.04). Comparing acute to convalescent titers after AOM, otitis prone and AOMTF
children had no significant change in total IgG against all the three proteins, while non-otitis prone
children had significant increases to protein D. Anti-Protein D, P6 and OMP26 antibody levels
measured longitudinally during NP colonization between age 6 and 24 months in 10 otitis prone
children and 150 non-otitis prone children showed < 2-fold increases over time in otitis prone
children compared to > 4 fold increases in the non-otitis prone children (p value < 0.001). We
conclude that otitis prone children mount less of an IgG serum antibody response toward Protein
D, P6 and OMP26 after AOM which may account for recurrent infections. The data on acute sera
of otitis prone versus non-otitis prone children and the acute-to-convalescence response in non-
otitis prone children point to a possible link of anti-PD to protection. Moreover, the data suggest
that otitis prone children should be evaluated for their responses to Protein D, P6 and OMP26
vaccine antigens of NTHi.
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Introduction
Acute otitis media (AOM) is the most common bacterial infection during early childhood.[1]
By 3 years of age, 60-70% of children experience at least one episode of AOM. Some
children are subject to recurrent episodes of otitis media (rAOM), defined as three or more
episodes of AOM in six months or four or more episodes in a 12 month period.[2,3] These
children are often referred to as otitis prone.[4] AOM treatment failure (AOMTF) occurs
when a child fails to achieve bacterial eradication and/or resolution of symptoms after at
least 48 hours of appropriate antibiotic therapy [5,6] or signs and symptoms of AOM return
within 14 days of completing an antibiotic treatment course.

Non-typeable Haemophilus influenzae (NTHi) is frequently associated with otitis prone and
AOMTF.[6-9] Infection with NTHi results in strain specific immunity.[10,11] Because of
heterogeneity in the outer membrane proteins (OMPs) of unencapsulated NTHi, the
identification of potential vaccine candidates for NTHi has posed a significant challenge.[12]
Several OMPs of NTHi have been proposed as potential vaccine antigens on the basis of
their sequence conservation, immunogenicity and/or demonstration of significant protection
in animal models following immunization.[13]. Three highly conserved proteins among
NTHi strains have shown significant potential as vaccine candidates: Protein D, P6 and
OMP26.[14-16]

Protein D is a 43 kilodalton surface-exposed lipoprotein that has shown protection against
NTHi AOM in a chinchilla model.[17] It has the potential to protect children against NTHi
AOM, shown in the randomized clinical trial of vaccine where Protein D as a carrier-protein
was conjugated with pneumococcal capsular polysaccharides.[18] DeMaria et al has shown
that immunization with P6 provides protection against AOM due to NTHi in the chinchilla
model.[19] The antibodies in the chinchilla to P6 were shown to be bactericidal. Intranasal
immunization with P6 was shown to confer antigen-specific mucosal immunity and enhance
mucosal clearance of NTHi in a mouse model.[20] OMP26 is also associated with protection
against NTHi infections as shown in a chinchilla and rat model.[21,22]

Experimental data derived from humans and animal models indicate that serum antibodies
play a critical role in host defense against NTHi infection.[23] It has been reported that otitis
prone children develop a poor IgG response following AOM and poor anamnestic responses
to P6 protein.[24,25] Whether otitis prone children are similarly hyporesponsive to Protein
D and OMP26 proteins of NTHi has not been studied previously. The objectives of this
study were to evaluate and compare the serum IgG, IgM and IgA antibody response against
outer membrane proteins D, P6 and OMP26 of NTHi in otitis prone, AOMTF and non-otitis
prone children at the time of AOM and during asymptomatic NP colonization from 6 to 24
months of age.

Methods
Patient population

The samples collected and analyzed for this paper were obtained from a prospective study
supported by the National Institutes of Deafness and Communication Disorders. Children
were enrolled from a middle class, suburban sociodemographic pediatric practice in
Rochester, NY (Legacy Pediatrics). The study was approved by the University of Rochester
and Rochester General Hospital Research Subjects Review Board and written informed
consent was obtained for participation and all procedures.

Two cohorts of children were studied. Healthy children without prior AOM were enrolled at
age 6 months and followed prospectively until 30 months of age. Serum, nasopharyngeal
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(NP) and oropharyngeal (OP) cultures were obtained seven times during the study period at
age 6, 9, 12, 15, 18, 24, and 30 months, samples for the 30 month time point were excluded
from this analysis as too few subjects had reached the 30 month visit. During the study
period whenever a child in this group experienced an AOM, serum, NP and OP cultures
were again obtained and middle ear fluid (MEF) was obtained by tympanocentesis. Three
weeks following an AOM event, serum, NP and OP cultures were again obtained as
convalescent samples. The majority of these children represent the group of non-otitis prone
children who are studied at their first or second AOM episode; however, some of these
children went on to meet the definitions of otitis prone and AOMTF and are included in
those groups for analysis. A second cohort of children 6 to 36 months old, with rAOM or
AOMTF, was studied at the time of an AOM event. Serum, NP and OP samples were
collected acutely and in convalescence, 3 weeks following an AOM event, and MEF was
obtained at the time of the AOM. A subset of these children was then followed prospectively
until 30 months of age for detection of asymptomatic NP colonization with NTHi and
additional AOMs.

To assure the diagnosis of AOM, children were examined by validated otoscopist
pediatricians using the American Academy of Pediatrics AOM diagnostic guidelines.[26] A
tympanocentesis was performed to confirm the presence of an otopathogens in MEF.[27]
Middle ear fluid, NP, and OP samples were inoculated into trypticase soy broth, trypticase
soy agar with 5% sheep blood plates, and chocolate agar plates. Bacteria were isolated
according to the CLSI standard culture procedures. An isolate was further identified as NTHi
on a similar basis as described by Murphy et al.[28] to include not only colony morphology,
porphyrin reactivity, and growth requirement for hemin & nicotinamide adenine
dinucleotide and Haemophilus ID Quad plates, but also by ompP6 sequencing to distinguish
NTHi from H. haemolyticus.[28]

ELISA assay
Protein D was kindly provided as a gift from GlaxoSmithKline Biologicals, Rixensart
Belgium, P6 plasmid was provided by Dr. Tim Murphy, University of Buffalo and OMP26
plasmid was provided by Dr. Jennelle Kyd, University of Canberra, Australia. The 96-well
Nunc-Immulon 4 plates were coated with 0.25 μg-0.5 μg/ml of individual OMP antigens
(100 μl/well) in bicarbonate [pH 9.4] coating buffer and incubated overnight at 4°C. After
washing, the plates were blocked with 3% skim milk at 37°C for 1hr (200 μl per well). After
five washes, 100 μl of serum at a starting dilution of 1:100 (in PBS-3% skim milk) was
added to the wells and diluted serially 2 fold. The mixture was incubated at room
temperature for 1 hr followed by the addition of affinity purified goat anti-human IgG, IgM
or IgA antibody conjugated to horseradish-peroxidase (Bethyl Laboratories, Inc,
Montgomery, TX) as a secondary antibody. The reaction products were developed with
TMB Microwell Peroxidase Substrate System (KPL, Gaithersburg, MD), stopped by the
addition of 1.0 molar phosphoric acid and read by an automated ELISA reader using a 450-
nm filter.

To provide quantitative results on antibody concentrations, the level of the specific antibody
present in the unknown sample was determined by comparison to an internal reference
serum (pool of human serum with high anti-OMP titers). The levels of IgG, IgM and IgA in
the reference serum were quantitatively measured by using a human IgG/IgA/IgM ELISA
quantitation kit (Bethyl laboratories).

A Four-parameter logistic-log function was used to form the reference and sample curves.
This ELISA was fully validated according to ICH Guidance. The assay lower limit of
detection for protein D was 3.5 ng/ml for IgG, 4.5 ng/ml for IgM, and 8 ng/ml for IgA; for
P6 it was at 1 ng/ml for IgG, 3 ng/ml for IgM, and 3 ng/ml for IgA; and for OMP26 it was at
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4 ng/ml for IgG, 3 ng/ml for IgM, and 10.5 ng/ml for IgA. The inter-assay coefficient of
variation was ≤20% for all antigens and secondary antibody combinations.

Statistical analysis
All the statistical analysis was performed on GraphPad Prism 5. Unpaired t test was used to
compare the difference among three groups for the IgG, IgM and IgA antibody analysis.
Paired t test was applied to compare acute vs convalescence serum samples. Mann-Whitney
test was used to analyze the antibody level in relation to the culture results. One way
ANOVA was used to evaluate the antibody rise over time. P values of < 0.05 were
considered significant.

Results
Children were treated with recommended dosages of antibiotics after the diagnosis of AOM
as included in the AAP 2004 guideline. If child AOM symptoms persist after at least 48
hours of appropriate antibiotic therapy or signs and symptoms of AOM return within 14
days of completing an antibiotic treatment course, he was considered treatment failure
(AOMTF).

IgG, IgM and IgA antibody levels against Protein D, P6 and OMP26 NTHi antigens in three
groups of children at the time of an AOM

IgG, IgM and IgA antibody levels against Protein D, P6 and OMP26 proteins of NTHi were
measured at the time of an acute AOM in 32 otitis prone children, 27 children with AOMTF
and 26 children with their first or second AOM as a non-otitis prone group (Figure 1).

The geometric mean titers (GMTs) of IgG against protein D in otitis prone children were
significantly lower compared to AOMTF (p value < 0.01) and non-otitis prone (p value
<0.03) children. The IgG anti- P6 titers in otitis prone children were significantly lower
compared to AOMTF children (p value < 0.02), but the difference was not significant
compared to non-otitis prone children. The IgG anti-OMP26 antibody titers in otitis prone
children were significantly lower compared to AOMTF children (p value <0.04), but the
difference was not significant compared to non-otitis prone children.

The otitis prone children and AOMTF children had significantly lower IgM levels against
protein D compared to non-otitis prone children (p value <0.05). No significant differences
in IgM titers directed against P6 or OMP 26 were demonstrated between the 3 groups of
children. Also, no significant differences were found for IgA in the serum samples of the
three groups of children against the 3 studied proteins of NTHi.

Acute and convalescent antibody levels against Protein D, P6 and OMP26 NTHi antigens in
three groups of children

Twenty-five otitis prone, 15 AOMTF and 21 non-otitis prone children had paired serum
samples obtained at their acute (at the time of AOM) and convalescent stage (3 weeks later).
Figure 2 shows the IgG antibody response (GMTs) against protein D, P6 and OMP26 in the
paired samples from the 3 groups of children. In otitis prone and AOMTF children, there
was no significant rise in the antibody titers to any of the three proteins in the acute vs.
convalescence stage. In non-otitis prone children significant increases in IgG antibody to
protein D (p value <0.05), but not to P6 or OMP26 in the convalescence stage was detected.
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Antibody levels against Protein D, P6 and OMP26 NTHi antigens in relation to presence of
AOM and NP colonization

The IgG antibody response against protein D, P6 and OMP26 was determined in the three
groups of children in three AOM scenarios: (1 NTHi causing the AOM event (2) NTHi NP
colonization at the time of an AOM caused by another otopathogen and (3) no NTHi isolated
from the NP or MEF at the time of an AOM episode caused by another otopathogen (Table
1) There was no significant difference in antibody titers against protein D and P6 in otitis
prone and AOMTF children for the three scenarios. In contrast, non-otitis prone children had
significantly higher anti-protein D and anti-P6 antibody levels when NTHi was present in the
MEF or NP (p value < 0.05) compared to children with no NTHi isolated from the MEF or
NP. No differences were detected for anti-OMP26 antibody levels for the three child groups
and three scenarios.

Antibody level in non-otitis prone and otitis prone children with age
Figure 3 shows the IgG antibody levels against Protein D, P6 and OMP26 at the time of
routine non-AOM visits in prospectively followed non-otitis prone children and otitis prone
children at different ages (6-24 months). The data shown are from 150 non-otitis prone
children and 10 otitis prone children. The 150 non-otitis prone children include the 27 AOM
children (non-otitis prone) and 101 children don't have any AOM episode. In the non-otitis
prone children, between 6 months and 24 months of age, the IgG antibody levels rose almost
four fold from 500 to 2003 ng/ml for protein D, 475 to 1950 ng/ml for P6 and 677 to 2159
ng/ml for OMP26 protein. The increase in IgG antibody level with age was significant for
all the three proteins (p value < 0.001 for each antigen). In comparison, otitis prone children
had less than two fold rise in IgG antibody over time (781 to 1141 ng/ml for protein D, 1050
to 1620 ng/ml for P6 and 588 to 1195 ng/ml for OMP26 protein); this rise in antibody level
with age in otitis prone children was not significant; p value =0.54 for protein D, p value
=0.69 for P6 and p value =0.33 for OMP26.

Discussion
The focus of this study was to examine the antibody response of otitis prone children in
comparison with non-otitis prone children to vaccine candidates protein D, P6 and OMP26
of NTHi. For the first time, to our knowledge we also were able to study the immune
responses of children who meet the definition of AOMTF. The results confirm and extend
the observations of others for otitis prone children [23-29], contradict some earlier reports
[29,30] and provide much new data.

We observed that otitis prone children generally mount lower serum IgG antibody responses
over time against the three antigens we studied compared to non-otitis prone children, a
finding previously made by Faden et al for P6 [23], although anti-OMP26 and anti-P6 was
not different in acute-to convalescent sera, whilst there was a significant difference for anti-
PD. Also, anti-PD levels were low in acute sera of otitis versus non-otitis prone children.
The above findings suggest a link between anti-PD and protection.

Otitis prone children also had significantly lower IgG antibody response compared to
children with AOMTF against all three antigens suggesting that immunologically these two
groups of children behave differently. This was a novel observation. We did not observe any
difference in the serum IgA antibody level in the otitis prone, AOMTF and non-otitis prone
children. Otitis prone and AOMTF children had significantly lower IgM levels compared to
non-otitis prone children for protein D, no difference for P6, and a trend for higher levels
against OMP26. This is the first study to examine the responses to the three Ig classes of
antibody to three NTHi antigens. We interpret these results to indicate that the different
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antigens elicit different antibody response profiles, possibly reflecting their different
antigenicity in young children when the OMP is presented to the child host in a natural way
by asymptomatic colonization or AOM infection.

Our evaluation of anti Protein D, P6 and OMP26 antibody responses in otitis prone children
after AOM supports the generally held explanation for the otitis prone state: These children
have a specific immunologic deficiency in antibody response to NTHi antigens during an
AOM. After an AOM, the child may be left with an inadequate immune response and
thereby remain as susceptible as before the infection to yet another infection. The
mechanism for this impairment in the immune respnse – B cell immunity, T cell immunity
or antigen presenting cells – is a topic under study by our group. We have recently shown
that anti-protein D and P6 but not OMP 26 contribute to bactericidal activity against NTHi in
non-otitis prone children.[20,27] We are now studying whether there are differences in
bactericidal activity specific to these antigens in otitis prone children.

Otitis prone children and children with AOMTF appeared to be similar immunologically but
different from non-otitis prone children when we evaluated antibody levels to protein D and
P6 in children after AOM and after asymptomatic NP colonization compared to children
where colonization was not detected. This analysis was hampered by small subject numbers
in some of the groupings and is not considered conclusive at this time. Also the group
classified as not NTHi colonized almost certainly includes many children who were
colonized but the colonization duration was sufficiently short that we failed to detect the
colonization.

The acquisition of antibody over time to antigens expressed by NTHi and Streptococcus
pneumoniae has been previously studied.[25,31-34] Our finding of gradual acquisition of
antibody to NTHi OMPs D, P6 and 26 is consistent with those reports. What is unique about
our study design was the prospective collection of data on children beginning at 6 months of
age that allowed us to have serum samples months to years before they became identified as
otitis prone. The observation that these children are acquiring antibody to the three vaccine
antigens we studied at a significantly slower rate than non-otitis prone children raises the
question of whether these highest risk children will respond to parenteral vaccination sub-
optimally as well.

The major strengths of our study include the prospective enrollment and collection of data
and samples over a prolonged time interval. Addithionally, this is the first study to evaluate
three vaccine candidates for NTHi simultaneously. We had a unique opportunity to collect
MEF from children commencing with their very first AOM as well as subsequent AOMs.
Our study also had limitations. We collected data on several epidemiologic factors
associated with the otitis prone condition such as early in life onset of AOM, having siblings
with rAOM, enrollment in daycare, and absence of breast feeding.[1,5,8,35,36] However,
we currently have an insufficient sample size to include these covariates in our analysis. The
children we studied from a higher income lifestyle may not be representative of low
socioeconomic populations in developing countries. Collection of NP samples and serum
occurred at 3 to 6 month intervals at the child's scheduled well visits. As such we missed
some NP colonization episodes. Despite best efforts, we did not obtain blood samples from
every child at every acute and convalescence AOM visit or every 3 to 6 month periodic
sampling as designed. This created windows of missing data that we addressed as we could
statistically.

In conclusion we have confirmed previous work in identifying the otitis prone child as
immunologically deficient in response to three vaccine antigens of NTHi, following AOM
and asymptomatic NP colonization. We found that children with AOMTF behave
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immunologically like otitis prone children in some respects and like non-otitis prone
children in others. Patterns of IgG and IgM responses among otitis prone vs. non-otitis prone
children differ and differ among OMP antigens, thereby indicating a need for continued
study to understand the mechanisms for these observations. The presentation of these
vaccine candidate antigens by the parenteral route (probably with an adjuvant) may mitigate
the immunological hyporesponsiveness that we have described here following natural
exposure of this otopathogen. However, this will require study because a vaccine that is less
effective in the most vulnerable group of children would not be an optimal outcome.
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Figure 1.
Comparison of IgG, IgM and IgA antibody against three antigens of NTHi in the serum
samples of children at their acute visit of AOM in 32 otitis prone (black bar), 27 AOMTF
(gray bar) and 26 Non-otitis prone (white bar) children.
Note: All the antibody concentrations against three proteins are in ng/ml.
The significant difference (p value <0.05) observed between the two groups is shown with a,
b and c letters:
a: otitis prone vs non-otitis prone children
b: otitis prone vs AOMTF children
c: AOMTF vs non-otitis prone children
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Figure 2.
Comparison of IgG antibody in the serum samples of 25 otitis prone, 15 AOMTF and 21
non-otitis prone children at their acute vs convalescence stage.
y axis indicates the GMT with 95% confidence intervals.
* indicates a significant difference (p value <0.05) between the acute vs convalescence
stage.
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Figure 3.
Comparison of IgG antibody level with age (6-24 months) against three proteins of NTHi in
Non-otitis prone and otitis prone children. The IgG antibody data at each age is presented as
geometric mean average with 95% confidence intervals. Significant difference for all the
three proteins (p value<0.001), comparing relative rise in IgG serum antibody over time was
found in non-otitis prone children while the difference was not significant in otitis prone
children (p value =0.54 for protein D, p value=0.69 for P6 and p value=0.33 for OMP26).
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