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Summary
Objective—We have previously demonstrated that the disruptions of nontypeable Haemophilus
influenzae (NTHi) lipooligosaccharide (LOS) htrB and rfaD genes may play a role in the pathogenesis
of otitis media (OM). The purpose of this study was to determine whether NTHi LOS gene disruptions
influence the induction of gene expression for proinflammatory mediators in vivo using the rat model
of acute OM.

Methods—At 3, 6, 12, 24, 48 and 72 h after transbullar inoculation with nonviable NTHi, expression
of genes for the cytokines and chemolines; tumor necrosis factor alpha (TNF-α), interleukin -l β
(IL-1β), and IL-6, IL-1α, IL-8, IL-10, and inducible nitric oxide synthase (iNOS) were quantitated
by real-time PCR. Enzyme-linked immunosorbent assay was performed to confirm the gene
expression data as determined by real-time PCR. The middle ear inflammatory responses were also
evaluated.

Results—The NTHi 2019 parent and its isogenic LOS htrB (B29) and rfaD (DK-1) mutant strains
induced a significant up-regulation in gene expression for the cytokines examined compared to the
sham-inoculated controls at 3, 6 and 12 h post inoculation (P < 0.05 in all cases). However, the NTHi
2019 cohort demonstrated a significant increase in gene expression for TNFα (up to 6 h), IL-1α and
IL-8 (up to 24 h), IL-1β and IL-6 (up to 48 h), and IL-10 and iNOS (up to 72 h) relative to the animals
inoculated with NTHi B29 (P < 0.05, in all cases), Moreover, the concentrations of inflammatory
cells in the middle ear lavage fluid samples from the NTHi 2019 cohort were 2.8–5.3 fold higher
than those of the B29 cohort. There were no significant differences in mRNA expression of the
cytokines between the NTHi 2019 and the DK-1-treated groups.

Conclusions—Data from this study indicate that the disruption of the NTHi htrB gene may impact
the temporal mRNA expression of inflammatory mediators and inflammation within the middle ear.
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Introduction
Nontypeable Haemophilus influenzae (NTHi) is one of the major otitis media (OM) pathogens
and accounts for 25 to 30% of all OM cases, 53% of recurrent OM [1] and is the primary
pathogen isolated from 62% of cases of chronic OM with effusion [2]. NTHi
lipooligosaccharide (LOS) is a potent inducer of inflammation, as well as a modulator of the
immune response. A previous study with a vaccine comprised of detoxified NTHi LOS
conjugated to protein suggests that it confers protection against OM in the chinchilla model
[3]. NTHi LOS not only has been isolated from middle ear effusions of patients during the
acute inflammatory phase of the disease, but also perpetuates inflammation in the middle ear
after the acute phase has resolved and viable bacteria have been eradicated from the middle
ear by antibiotic therapy and host immune mechanisms [4–5].

The middle ear epithelium has been considered not only as a physical barrier against OM
pathogens but also as a source of a variety of proinflammatory mediators during OM. Various
inflammatory mediators are produced and involved in inflammation of middle ear against
invading pathogens. A number of previous investigations have attempted to delineate the
kinetics of cytokine gene expression in the middle ear during experimental OM induced in
various animal species by either Streptococcus pneumoniae or NTHi, the major bacterial
pathogens associated with this disease [6–10]. NTHi LOS plays an important role in activating
middle ear epithelium, resulting in early production of inflammatory cytokines, such as tumor
necrosis factor alpha (TNF-α) and interleukin-1 (IL-1) that are thought to be of central
importance during the pathogenesis and regulation of proliferation, chemotaxis, and activation
of inflammatory cells during the course of middle ear infections [6,8].

Considerable evidence has further implicated the roles of NTHi LOS in the pathogenesis of
OM. Using the NTHi htrB mutant strain (B29) expressing an LOS subunit with decreased
acylation with phenotypic changes in both the lipid A moiety and the core oligosaccharides
and the rfaD mutant strain (DK-1) expressing a truncated LOS with only lipid A and three
deoxy-d-manno-octulosonic acid (KDO) residues as tools [17,23], we analyzed the role of
disruptions of the NTHi htrb and rfaD genes during the entire spectrum of OM beginning with
NTHi colonization of the nasopharynx, their ascension of the eustachian tube, as well as NTHi
multiplication in and subsequent clearance from the middle ear. Results from our previous
studies indicated that alteration of the LOS phenotype impacts on the virulence of NTHi during
experimental OM in the chinchilla and modifies some but not all of the progressive stages of
the disease course and its inner ear sequelae. Disruption of the NTHi htrB or rfaD LOS genes
does not impact on the ability of NTHi to colonize the nasopharynx, however, it induces marked
differences in the ability of the two LOS mutants to induce OM, and survive in the middle ear
[11]. In addition, Disruption of NTHi htrB gene has been shown to play a major role in the
induction of cytokine and chemokine genes in our cultured human middle ear epithelial
(HMEE) cells in vitro [12]. However, to our knowledge, no study has been reported to examine
how the alteration of NTHi LOS phenotype impacts the initial stages of the host-parasite
interaction within the middle ear. Specifically, does NTHi htrB or rfaD mutant strain
differentially influence the temporal expression of inflammatory mediators in the middle ear?
In order to define the relative contributions of the oligosaccharide and lipid A portions of LOS
to this disease at the molecular level, we used these mutant strains differing in virulence to
assess the role of NTHi LOS in the gene expression of the proinflammatory cytokines and to
map the in vivo kinetics of induction of the inflammatory cytokine genes by NTHi LOS in the
rat middle ear during the course of acute OM.

Tong et al. Page 2

Int J Pediatr Otorhinolaryngol. Author manuscript; available in PMC 2009 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Materials and methods
Bacteria strains

The following NTHi strains were obtained from Michael A. Apicella, University of Iowa
College of Medicine and were used in this study. All have been previously described [17,23,
24]

NTHi strain 2019 is the parental isolate (wild type) and grows on chocolate agar as well as
brain heart infusion agar supplemented with Fildes enrichment (sBHI) at 37°C.

Strain B29 is an isogenic htrB mutant generated by shuttle mutagenesis using a mini-Tn3. The
biological consequences of mutation in the htrB locus of Strain B29 include: 1) modification
of the oligosaccharide core reflected, in part, by a net loss in phosphoethanolamine, 2) loss of
myristic acid substitutions of the lipid A. B29 contains a chloramphenicol resistance gene and
can be differentiated from the parent and DK-1 by its ability to grow on sBHI containing 100
μg of chloramphenicol/ml.

Strain DK-1 is an isogenic rfaD gene mutant. This strain’s LOS is truncated and consists only
of KDO and lipid A. It is devoid of other core oligosaccharides. This particular mutant could
be used to investigate the contribution of lipid A and KDO, exclusive of oligosaccharide, in
the pathogenesis of OM. DK-1 contains a kanamycin resistance cassette and can thus be
differentiated from the parent 2019 or B29 by its ability to grow on sBHI containing 15 μg of
kanamycin/ml.

Preparation of formalin-killed NTHI strains
The use of whole, formalin-killed NTHi as a source of LOS was developed in our laboratory
and described in detail previously [25]. NTHi strains were grown on sBHI agar, with or without
antibiotics as indicated above, overnight in a CO2 incubator at 37°C. The bacteria were killed
by incubation with 0.3% formalin at room temperature for 24 hours. Killed NTHi were washed
and suspended in sterile phosphate buffered saline (PBS) as described previously [12].

Study design
Eighty male Sprague-Dawley rats (225 to 250 g) were randomly assigned to four cohorts and
anesthetized by intramuscular injection with ketamine hydrochloride (80 mg/kg of body
weight) and xylazine (8 mg/kg). OM was then induced by the direct bilateral inoculation of
the middle ears, with 30 μl of a suspension containing 108 CFU of formalin-inactivated NTHi
in sterile PBS as previously described [10]. Inoculations were made through the bony wall of
the cephalid bullae, which was accessed through a neutral midline incision and blunt dissection.
A control cohort was sham inoculated with 30 μl of diluent alone (PBS), and an additional six
rats were used as normal controls without injections. All animal experiments were approved
by the Institutional Animal Care and Use Committee at the Ohio State University. At 3, 6, 12,
24, 48 and 72 h postinoculation, three rats, preselected and randomized were sacrificed at each
time point. The rats were anesthetized and then sacrificed by the intracardiac injection of an
overdose of xylazine, and the middle ear mucosa were harvested by in situ lysis as previously
described by our laboratory [10]. The bullae were exposed and the middle ear space was rinsed
three times with 50 μl of sterile PBS, the washings were aspirated and pooled, and the
inflammatory cell concentration (in cells per cubic millimeter) for each sample was determined
by use of a hemocytometer. Following lavage, the middle ear epithelium was harvested by in
situ lysis with 50 μl of lysis buffer from an RNeasy Mini kit (Qiagen, Valencia, Calif.). This
process was repeated three times, and the lysates were aspirated, pooled, and stored at −70°C.
Total RNA was isolated by using an RNeasy Mini kit according to the manufacturer’s
instructions (Qiagen). The purity of the isolated RNA was estimated by spectrophotometric
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determination of the 260- to 280-nm absorption ratio, and the RNAs were stored at −80°C until
analyzed by real-time PCR. The study was repeated once.

Quantitation of cytokine transcripts from middle ear epithelium by real-time PCR
Real-time PCR assays were performed to specifically quantitate IL-1α, IL-1β, IL-6, IL-10,
iNOS, and TNFα transcripts as we have described previously [10]. Briefly, total cellular RNA
was extracted using an RNeasy Mini kit (Qiagen), and cDNAs were synthesized using the
Superscript preamplification system (Gibco BRL). Each cDNA sample was used as a template
for a real-time PCR amplification mixture containing forward and reverse primers and probes
for the target cytokine and chemokine genes and for 18S rRNA (internal control) and 2×
TaqMan Universal PCR Master Mix obtained from Applied Biosystems (Foster City, Calif.).
For rat IL-8, GROCINC-1 (rat equivalent of IL-8) primers were selected according to the
published cDNA sequence (5′ primer: CATTAATATTTAACGATGTGGATGCGTTTCA; 3′
primer: GCCTACCATCTTTAAACTGCACAAT). Real time PCR was performed with SYBR
green PCR Master mix (Applied Biosystems) according to the manufacturer’s protocol. Real-
time PCR amplifications were performed on an Applied Biosystems Prism 7900 sequence
detector according to the manufacturer’s instructions. Relative changes in gene expression
were determined using the 2-CT method as described elsewhere [10] and reported as the fold
difference relative to a calibrator cDNA (normal control rats, uninoculated) prepared in parallel
with the experimental cDNAs.

Quantitation of cytokine proteins in the middle ear lavage samples by ELISA
Middle ear lavage samples were centrifuged at 500 × g and frozen at −70°C. Concentrations
of IL-1β, IL-6, and TNFα In middle ear lavage samples were measured by use of commercial
ELISA kits (Quantikine; R & D Systems, Minneapolis, Minn.), according to the manufacturer’s
instructions. Middle ear lavage samples from the sham-inoculated animals served as the
control.

Histology
Two rats from each cohort were sacrificed at 24 h post T.B. challenge. The temporal bones
were fixed in 10% neutral-buffered formalin, decalcified with ethylenediaminetetraacetic acid
(EDTA) and the specimens were further processed for conventional paraffin embedding. Serial
sections were cut to a thickness of 4 μm and stained with hematoxilin and eosin (H & E).

Statistical analysis
Data are expressed as the arithmetic mean ± the standard error of the mean (SEM). One-way
ANOVA and Scheff’s test were used for the statistical analysis and pair-wise comparisons.
Dennett’s procedure was used for multiple comparisons with a common control. In all cases,
a P level of <0.05 was set as the measure of significance.

Results
Effect of NTHi LOS gene disruptions on middle ear inflammatory cell response

To determine whether the NTHi LOS mutant strains differentially induce inflammatory cell
recruitment, cell counts were performed on the middle ear lavage samples. There were no
significant differences in the inflammatory cells from the lavage samples between the parent
NTHi 2019 and DK-1 treated rats. Whereas there was little difference at 3, 6 and 12 h between
the NTHi 2019 and B29 treated rats, by 24 h post inoculation there were significantly more
inflammatory cells in the middle ear lavage samples from rats inoculated with the parent NTHi
2019 compared to that in the animals inoculated with B29 (P < 0.05) (Fig. 1). Also, at each
time point following inoculation, lavage samples collected from rats inoculated with NTHi
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2019, B29 and DK-1 strains had significantly more inflammatory cells compared to those from
the sham-inoculated controls (P < 0.001 in all cases). All the middle ear lavage samples from
the sham-inoculated controls had fewer than 10 cells per mm3 for all the samples collected at
each time point.

Histopathology evaluation
Histopathological examination of the middle ear sections showed a minimal cellular
inflammatory response within the epithelium or subepithelium of the sham control at 24 h post
inoculation. The changes in the middle ear mucosa of rats inoculated with NTHi 2019 were
much more pronounced than that in the rats treated with both LOS deficient mutants, which
showed a marked thickening of the epithelium or subepithelium with an increased number of
inflammatory cells at 24 hour post inoculation. A marked influx of inflammatory cells confined
to the lumen of the lateral middle ear spaces was indicative of an acute, localized inflammation
(Fig. 2). The influx of these cells correlated with inflammatory cells in the middle ear lavage
samples as described above.

Effect of LOS gene disruption on the kinetics of cytokine and inducible nitric oxide synthase
(iNOS) gene expression in the rat middle ear subsequent to direct transbullar (T.B.)
inoculation

Real-time PCR was used to examine the role of the disruption of NTHi htrB or rfaD gene in
the induction of a panel of proinflammatory cytokine genes in the rat middle ear epithelium in
vivo during the course of experimental OM. As expected, the parent strain, NTHi 2019, induced
a significant up-regulation of these genes relative to the sham control at 3, 6, 12, 24 h and 48
h post inoculation (P < 0.001 in all cases) (Fig. 3). The kinetics of cytokine gene expression
showed maximum gene expressions at 3 h post inoculation with the exception of iNOS and
IL-8 at 6 h. When comparing gene expression levels between the NTHi 2019 and B29 cohorts
at this time point, the amount of mRNA transcripts for IL-1α, TNF-α, IL-10, IL-6, iNOS,
IL-1β and IL-8 were approximately 23, 22, 15, 14, 14, 11 and 11 fold higher, respectively, in
the NTHi 2019 cohort compared to levels in the B29 cohort (P <0.05 in all cases) The mRNA
expression was more sustained in the NTHi 2019 inoculated rats compared to that in the B29
treated rats. The NTHi 2019 cohort demonstrated a significant increase in gene expression for
TNFα (up to 6 h), IL-1α and IL-8 (up to 24 h), IL-1β and IL-6 (up to 48 h) and IL-10 and iNOS
(up to 72 h) relative to the animals inoculated with NTHi B29 (P < 0.05in all cases). The
induction of iNOS, IL-10, IL-1α, IL-1β genes at 72 h and that of IL-6, IL-8 and TNF-α genes
at 48 h by NTHi 2019 remained at a significantly higher level compared to that of the sham
controls

Inoculation of DK-1 induced a pattern of cytokine genes expression similar to that observed
with NTHi 2019, although the levels of gene expression of IL-1α. IL-8 and TNFα were lower
in the DK-1 inoculated rats than that in the rats inoculated with NTHi 2019 at 3 h post
inoculation. (3.7, 3.3 and 3.0 fold decrease respectively).

In the rats inoculated with B29, the time course analysis revealed an early and transit cytokine
mRNA expressions in the middle ear epithelium. However, the maximal levels of gene
expression of these cytokines induced by B29 were significantly lower than that in the cohort
inoculated with NTHi 2019 (the approximately 3.0 –11.4 fold decline in IL-1α, IL-1β, IL-6,
IL-8, IL-10, TNF-α and iNOS, (P <0.05 in all cases). In addition, with the exception of
IL-1β, the upregulations of TNFα, IL-8 and IL-6 were only sustained up to 12 h post
inoculation, IL-1α and IL-10 for 24 h and iNOS for 48 h. These results indicate that disruption
of the NTHi htrB gene may play a significant role in the induction of these genes.
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It should be noted that comparisons of gene expression levels for the sham-inoculated controls
versus noninoculated normal controls were included for these studies. Fold increases in gene
expression levels following inoculation with PBS alone served as the inoculation control,
providing information on how the physical trauma of the inoculation procedure impacted upon
gene expression. Increases in gene expression for the sham controls (greater than a 10-fold
increase in gene expression relative to the noninoculated control) were observed for IL-6 at 3
h and IL-1β and iNOS at 24 h.

Cytokine production in the rat middle ear following T.B. inoculation with nonviable NTHi
The significant induction of cytokine gene expression in the rat middle ear in vivo during the
course of experimental OM was confirmed by quantitating the secretion of TNF-α, IL-1β, and
IL-6 in middle ear lavage samples by use of enzyme-linked immunosorbent assays (ELISAs).
At 24 h post inoculation, the concentration of cytokines in the middle ear lavage samples for
controls was 50 and 160 pg/ml for IL-1β and IL-6, respectively (Fig. 4). No secreted TNFα
was detected in middle ear lavage samples at this time point. The minimum detectable dose of
TNF-α using the Quantikine kit was 5 pg/ml.

By comparison, at 24 h after T.B. inoculation, both NTHi 2019 and DK-1 induced a significant
increase in the production of these cytokines relative to the sham-inoculated controls (P < 0.05
in all cases) (Fig. 4). Furthermore, the rats inoculated with NTHi 2019 had significantly higher
levels of TNF-α, IL-1β, and IL-6 in the middle ear lavage samples (nine-, four-, and eleven
fold more, respectively) than animals inoculated with B29 (P < 0.05 for all comparisons). There
were no significant differences between the concentrations of IL-1β, IL-6, and TNFα induced
by DK-1 and NTHI 2019. These results corroborate the gene expression data (see above) and
indicate that secretion of IL- β, IL-6 and TNFα is more strongly induced by NTHI 2019 or
DK-1 than that induced by B29.

Discussion
These data demonstrate that nonviable NTHi 2019 parent strain induced a significant up-
regulation of cytokine and iNOS gene expression within the middle ear in the rat OM model.
Our findings expand on the earlier investigations indicating the role of NTHi LOS in the
production of TNFα and IL-1β in the middle ear mucosa in the guinea pig OM model [8].
Moreover, we report, for the first time, a differential induction of cytokines and iNOS genes
mediated by two NTHi LOS mutant strains. Our results corroborate the earlier findings of
Nichols et al. who originally described the reduced ability of NTHi B29 to induce TNFα gene
expression and production in vitro [13]. These data are also consistent with our previous report,
which demonstrated that expression of TNFα, IL-6 and IL-1β genes was significantly induced
in HMEE cells stimulated with formalin-killed NTHi 2019 in vitro compared to that induced
by NTHi B29 strain [12]. However, There is a difference in the potency of B29 in the induction
of cytokine genes in HMEE cells in vitro and in rat middle ear epithelium in vivo, which may
reflect the complex of environment in middle ear and the orchestrated interactions between the
host inflammatory response and pathogens. It is noteworthy that the ability of NTHi 2019 and
each LOS mutant strain to induce cytokine gene expression seems closely related to the local
inflammatory response in the middle ear. Histological examination revealed significant
differences in influxes of inflammatory cells in the middle ear between the rats infected with
NTHi 2019 and B29. Our data strongly suggest that the induction of proinflammatory cytokine
gene expression in the rat middle ear epithelium and the middle ear inflammation are attenuated
in response to NTHi htrB mutant..

The factors that might account for the observed differential ability of NTHI 2019 and B29 in
the induction of cytokine gene expression are not fully elucidated. LOS from wild-type NTHi
2019 was a potent inducer of IL-1β, IL-6 and TNFα secretion. The levels of IL-1β, IL-6 and
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TNFα secretion induced by B29 were at least four-fold less than the wild-type strain. This
reduction in potency is similar to that described for htrB mutants in other bacteria [14–16].
NTHi 2019 htrB mutants have a predominantly tetraacyl lipid A compared to the hexaacylated
parent strain (17). The level of lipid A acylation is critical to the immunostimulatory effects
of LPS. A previous study demonstrated that penta-acylated LPS from a WaaN mutant of E.
coli is much less potent than wild-type LPS in eliciting a proinflammatory cytokine response
from cultured uroepithelial cells [18]. In addition, NTHi htrB mutants are more sensitive to
bile and inducible human beta-defensins, and elicit lesser degrees of cytoskeletal
rearrangement and less stimulation of host cell signaling in vitro [19,20]. A recent report
suggested that the proinflammatory action of NTHi LOS is thought to be mediated through
Toll-like receptor 4 (TLR-4), however, the decrease in NTHi LOS acylation in NTHi B29
mutant strain exhibited TLR-2 dependent neutrophil influx and bacterial clearance in a mouse
pneumonia model [21]. These results suggest that alterations of NTHI LOS subunit might alter
recognition by TLRs and therefore impact the signaling pathways for the inflammatory
response.

TNFα, IL-1β, IL-6, IL-8, IL-10 and iNOS are key proinflammatory cytokines and chemokines
expressed during OM both clinically and experimentally. IL-1β, IL-6, and iNOS are
proinflammatory mediators associated with monocyte/macrophage and lymphocyte activation.
IL-8 belongs to the CXC chemokine subfamily, is chemotactic primarily for neutrophils (and
for T cells, NK cells, endothelial cells, basophils, and eosinophils), and stimulates neutrophil
degranulation, adhesion, and microbicidal activity. IL-10 is primarily a product of mononuclear
cells and inhibits inflammatory and immunologic responses and plays a central role in
autoregulation of the host response. These mediators act in concert. A previous report from
our laboratory indicates that there is a correlation between endotoxin, TNFα and IL-1β
concentrations in the middle ear effusions from children with OM [22]. Our data suggested
that the most strongly induced cytokine by NTHi 2019 is IL-6, which has been shown to be
essentially protective in infection and linked to its capacity to induce the release of acute-phase
protein. Other cytokine and chemokine genes highly induced by NTHi 2019 were TNFα,
IL-1β and IL-8. TNFα contributes to the acute phase of the inflammatory response, primes the
immune system for rapid activity, and promotes the release of other cytokines, It is conceivable
that the early induction of cytokine and chemokine genes drives the influx of neutrophils into
the middle ear as evidenced by the enhanced accumulation of more inflammatory cells within
the middle ear in the rats treated with NTHi 2019. However, there was no significant difference
in the cytokine and chemokine gene expression at 72 h among the cohorts infected with the
NTHi parent and LOS mutant strains. Nonviable NTHi 2019 induced a severe middle ear
inflammatory response at 24h, which was reduced at 72h (data not shown). The resolution of
NTHi middle ear infection at 72 h might account for the observed patterns of cytokine and
chemokine gene expression.

It is believed that activation of middle ear mucosal epithelium and inflammatory cells
contribute the overall gene expression levels observed within the middle ear following
inoculation of nonviable NTHi. As the middle ear is relatively devoid of resident lymphocytes
and has no lymphoid tissue, the early induction of genes in the middle ear epithelium that
peaked at 3–6 h after infection and proceeded the accumulation of inflammatory cells suggested
that the middle ear epithelium itself appears to play a key role in up-regulation of the host
immune defense by recognizing and subsequently responding to invading pathogenic threats.
IL-6, IL-1β, and TNF-α were detected in the middle ear lavage sample by 24 h post T.B.
inoculation suggesting that the inflammatory cells contribute to the higher cytokine products
in the middle ear lavage samples as the inflammatory cells accumulate in the middle ear.
However, the significant alteration of the middle ear mucosal epithelium induced by NTHi
2019 compared to that by B29 also implicates the mucosa surface as one of the major
contributors to the significant difference in gene transcript levels between these two cohorts.
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In conclusions, the results from this study indicate that the disruption of the NTHi htrB gene
that alters the phenotype of NTHi LOS may play a major role in the induction of these particular
inflammatory mediators. These data will contribute to our understanding of the role of various
LOS gene disruptions on OM pathogenesis and may thus provide potential new targets for
future protection and intervention strategies.
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Fig. 1.
Accumulation of inflammatory cells in the middle ears of rats following transbullar inoculation
of nonviable parent strain NTHi 2019, the htrB mutant (B29), or the rfaD mutant (DK-1). Each
data point represents the mean concentration of inflammatory cells (± SEM) per microliter of
middle ear lavage fluid. These results are from a total of six middle ear lavage samples obtained
from three animals for each cohort at each time point. *, P < 0.05 for the comparison (B29
versus NTHi 2019).
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Fig. 2.
H & E-stained middle ear sections of the rats at 24h after transbullar inoculation with nonviable
NTHi 2019 (A), DK-1 (B), B29 (C), and PBS control (D). The inflammatory infiltrates in the
middle ear epithelium was significant in the NTHi 2019 treated rats. Magnification, ×400.
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Fig. 3.
Induction of gene expression as measured by real-time PCR on total RNA samples prepared
by the direct in situ lysis of the middle ear space at 3, 6, 12, 24, 48, and 72 h following
inoculation of NTHi. Results are the mean fold increase in IL-1α, IL-1β, IL-6, IL-10, iNOS,
TNFα and IL-8 transcript levels (± SEM) from duplicate samples from two separate
experiments. *, P < 0.05 for the comparison (NTHi 2019 versus B29).
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Fig 4.
Concentrations of cytokines in the middle ear lavage samples at 24 h post infection. Results
are the mean concentrations of IL-1β, IL-6, and TNFα (± SEM) in middle ear lavage samples
from two duplicate wells from a single experiment. *, P < 0.05 for the comparison (NTHi 2019
versus B29).
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