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Microbiology in acute otitis media
1. Virology

Epidemiologic studies have shown strong relationship between viral 
upper respiratory tract infections (URTIs) and acute otitis media (AOM). In 
children with AOM in Japan respiratory viruses were detected in 35% of patients 
(n=1092). Respiratory syncytial virus (RSV), influenza virus and adenovirus were 
of the most common viruses 1. Chonmaitree et al. reported that 63% of 864 URTIs 
episodes of children less than 4 years of age in US were positive for respiratory 
viruses and adenovirus, coronavirus and RSV frequently related to AOM2. 

Recent molecular technologies have made it possible to detect new 
respiratory viruses related with AOM. Human metapneumoviruses (hMPV) were 
discovered a decade ago, and it is now recognized as an important pathogen 
causing lower respiratory tract infection and URTIs in children. A cohort study of 
children with respiratory symptoms showed that hMPV was detected in 3.5% of 
the children and 41% of infections were complicated by AOM3. Human bocavirus 
(hBoV) was discovered in 2005. In children with AOM, Beder et al. have reported 
hBoV detection rate of 6.3% from nasopharyngeal secretions and 2.7% of middle 
ear fluids. The resolution time of AOM was longer and the rate of fever was 
higher in children with hBoV4. The virus has also been detected from 3% of the 
middle ear fluids from young children with otitis media with effusion (OME)5. 
The role of this virus in AOM and OME requires further investigation.
2. Viral-bacterial interactions

Symptoms of viral URTIs usually last for a week and viral shedding from 
the nasopharynx may last 3 weeks or longer. Such viral infections usually induce 
major or minor damages of respiratory mucosa following the promotion of the 
growth of pathogenic bacteria in the nasopharynx, the enhancement of bacterial 
adhesion to the epithelial cells and the eventual invasion into the middle ear 
causing AOM. 

Ishizuka et al. reported that rhinovirus infecting cultured human airway 
epithelial cells stimulated Streptococcus pneumoniae (S. pneumoniae) adhesion 
to airway epithelial cells via increases in platelet-activating receptor (PAF-R)6. 
Increased adherence of S. pneumoniae may be one of the reasons that AOM or 
pneumonia develops after rhinovirus infections by inducing surface expression 
of PAF-R, a receptor for S. pneumoniae7,8. In a mouse model, Sendai virus 
co-infection with S. pneumoniae and Moraxella catarrhalis (M. catarrhalis) 
increased the incidence rate, duration of AOM, and bacterial load.9 
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In the human study, the detection of rhinovirus or adenovirus in the 
nasopharynx was positively associated with the presence of Haemophilus 
influenzae (H. influenzae) (Aboriginal children) and M. catarrhalis (Aboriginal 
and non-Aboriginal children). However, adenovirus was negatively associated 
with S. pneumoniae in Aboriginal children10. Tomochika et al. reported from 
Japan that 31% of hospitalized children with RSV had AOM11. 
3. Bacteriology of AOM, 
Bacteria are found in 50%–90% of cases of AOM with or without otorrhea 12. S. 
pneumoniae, H. influenzae or M. catarrhalis are the leading causative pathogens 
responsible for AOM and frequently colonizes in the nasopharynx 12-16. 
Clinical bacteriology has dramatically changed after the introduction of 
pneumococcal conjugate vaccine (PCV)13-17. The most commonly identified 
pathogen is S. pneumoniae which, prior to adoption of the 7-valent pneumococcal 
conjugate vaccine (PCV-7), was isolated in approximately one-third to half of 
all cases 12-16. Block et al. studied changes of microbiology after the community-
wide vaccination with PCV-7 15. Comparing each cohort (1992-1998 versus 
2000-2003), the proportion of S. pneumoniae significantly decreased from 48% 
to 31%, and nontypable H. influenzae significantly increased from 41% to 56%. 
Post-PCV-7, Gram-negative bacteria and beta-lactamase-producing organisms 
accounted for two-thirds and one-half of all AOM isolates, respectively. In terms 
of serotypic change in S. pneumoniae, vaccine efficacy of PCV-7 against vaccine-
serotype pneumococcal otitis media was about 60%. 
4. Antimicrobial susceptibility

S. pneumoniae and H. influenzae, two notorious pathogens, had long been 
susceptible to beta-lactams and AOM caused by them had been easily improved by 
oral antimicrobial therapy. However, antimicrobial resistant pathogens, especially 
penicillin resistant S. pneumoniae (PRSP), become the major causes of intractable 
otitis media 13. The antimicrobial resistance in H. influenzae has also evolved 
significantly during the last 20 years, while ampicillin had long been considered 
the drug of first choice for the treatment of infection due to H. influenzae.

The definitions of resistance are the minimum inhibitory concentration 
(MIC) breakpoints set by the Clinical and Laboratory Standards Institute (CLSI)18. 
CLSI has established a new approach to penicillin breakpoints (Table 1)19 and 
this approach is needed to guide appropriate treatment, because it takes into 
account whether penicillin is given orally or parenterally and whether the patient 
has meningitis. Studies of AOM have been used the oral penicillin breakpoints 
and	defined	all	isolates	with	a	penicillin	MIC	of	at	least	0.12	μg/mL	as	penicillin	
nonsusceptible S. pneumoniae	(PNSP),	or	used	an	MIC	range	of	0.12-1.0	μg/mL	
to define penicillin-intermediately resistant S. pneumoniae (PISP), and at least 2.0 
μg/mL	to	define	penicillin-resistant	S. pneumoniae (PRSP). 

The mechanism of resistances of S. pneumoniae to ß-lactams is the stepwise 
alterations in the high molecular weight penicillin binding proteins (PBPs) and the 
reduction of the binding affinity of ß-lactams to the PBPs. Among several PBPs, 
PBPs 1A, 2X, and 2B have transpeptidase activity and contain the conserved 
amino acid motif of SXXK, SXN, and KT(S) G in an active serine residue. S. 
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pneumoniae acquires exogenous low affinity genes and causes genetic mutations 
that alter PBP affinity for ß-lactams 20-23. The pbp mutation correlates well with 
susceptibility of S.pneumoniae (MIC), i.e., higher MIC in strains with larger in 
number of pbp mutations (Figure 1) 13. 

Table 1. Penicillin breakpoints for clinical use, by formulation

Susceptible Intermediate Resistant

Parenteral, non-meningitis ≦2.0 4.0 ≧8.0
Parenteral, meningitis ≦0.06 -- ≧0.12
Oral (penicillin V) ≦0.06 0.12-1.0 ≧2.0
Oral amoxicillin ≦2.0 4.0 ≧8.0

Data are minimum inhibitory concentration (MIC) ( g/mL). 
Data from the Clinical and Laboratory Standards Institute (2008)17).

Two well-known mechanisms of resistances to ß-lactams in H. influen-
zae have been reported. One is the production of either TEM-1 or ROB-1 type 
ß-lactamase24,25. The other is designated as ß-lactamase non-producing ampicillin 
resistant (BLNAR) and involves a decreasing affinity of penicillin binding pro-
teins (PBPs) to ß-lactams caused by conformational changes with genetic muta-
tions26-28. Increasing resistances to ß-lactams in BLNAR strains closely related 
with mutations in ftsI gene encoding PBP3, which mediates septum peptidoglycan 
formation29,30. The substitutions in the ftsI gene have been classified into the fol-
lowing three groups: group I, His is substituted for Arg-517 (Arg517His) near 
the KTG motif; group II, Lys is substituted for Asn-526 (Asn526Lys) near the 

Figure 1. Correlation between susceptibility to PCG and mutations in pbp genes.
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KTG motif; and group III, three residues (Met-377, Ser-385, and Leu-389) near 
the SSN motif are replaced by Ile, Thr, and/or Phe (Met377Ile, Ser385Thr,and/or 
Leu389Phe, respectively), in addition to the replacement of Asn526Lys. Isolates 
with intermediate ampicillin (AMP) resistance are commonly found in groups I 
and II, and isolates in group III are associated with a higher level of ampicillin 
resistance31 (Table 2).
5. Antimicrobial resistance in S. pneumoniae

The high incidence of penicillin resistant S. pneumoniae (PRSP) strains has 
recently been global issue, especially in Asian and developing countries. From 
studies from Asian countries reported that the rate of PRSP were 54.8% in Korea, 
43.2% in Hong Kong, 38.6% in Taiwan, and 71.4% in Vietnam, 29.3% in Japan13, 

32. In the genotypic analysis of S. pneumoniae isolated from children with AOM, 
high incidence of mutations in three pbp genes was observed in children of 1 to 4 
years old (Figure 2) 13. 

Antimicrobial susceptibility surveillance on pneumococcal isolates from 
patients with community-acquired respiratory tract infections in 1997-2001 
in Latin America revealed that approximately 70% of strains were considered 
susceptible to penicillin33). The rank order of penicillin resistance rages among 
participating countries was Mexico (25.0%)> Uruguay (19.2%) > Chile (18.3%) 
> Colombia=Argentina (9.9%) > Brazil (3.9%) > Venezuela (2.8%). Recent study 
from Brazil reported that 22.1% of isolates were non-susceptible to penicillin, 
56% were non-susceptible to trimethoprim/sulfamethoxazole, and 29.6% were 
nonsusceptible to tetracycline. Nonsusceptibility to penicillin and cefotaxime was 
detected solely among serotype 14 isolates (1%)34.

Figure 2. Age distribution in pbp genes. Younger children showed higher incidence of pbp gene mutation.
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Table 2. Correlation between PCR-based genotyping and susceptibility to ampicillin (AMP)

S. pneumoniae resistance to macrolide has also been a big concern all over the 
world and the rate of resistance were 70-80% in Japan, 92.1% in Vietnam, 86% in 
Taiwan, 80.2% in Korea, 76.8% in Hong Kong, 30% in USA13,35, 36. The majority 
of the strains had mefA (32.5%) or ermB (34% ) and mefA and ermB (3.4%) gene-
mediating macrolide resistance. Susceptibilities to clarithromycin of strains with 
mefA gene, ermB gene and both were 1 - 4 µg/ml, > 64 µg/ml and > 64 µg/ml, 
respectively. Macrolide resistance 
genes were highly identified among 
penicillin non-susceptible strains 
(PISP+PRSP)	(Figure 3) 13, 35.
6. Antimicrobial resistance in 
Haemophilus influenzae

H. influenzae is the second 
leading pathogens that cause AOM 
of children. Most of AOM is caused 
by nontypeable H. influenzae 
(NTHi). Since the first reports of 
ampicillin resistant strains of H. 
influenzae in 1974 from USA37, 
the major mechanism of antimicrobial resistances of H. influenzae has been 
considered by producing either TEM-1 or ROB-1 types of ß-lactamase 37-39. The 
prevalence of ß-lactamase producing strains increased markedly up to 15.2 % in 
1983-1984, 36.4 % in 1994-1995, and 31.3 % in 1997-1998 in USA39, 40. The beta-
lactamase non-producing ampicillin resistant (BLNAR) strains had been isolated 
at low frequencies in 1980s but the BLNAR strains have rapidly increased at the 
rate of 19.5 % in 1990s 39. Recently the rate of BLNAR was 58.1% in Korea, 37% 
in Japan, 0-33% in Europe, 4-10.1% in USA 40,41. 
7. Impact of pneumococcal conjugate vaccines on AOM and antibiotic 
resistance

The incidence of AOM decreased in the United States and European 
countries following introduction of PCV-717, 42-44. The overall reduction of AOM 
cases is not expected to be large, because S. pneumoniae is usually found in less 
than 40-50% of all AOM, of which approximately 60-70% are vaccine serotypes. 
Against the clinical endpoint of all episodes, vaccine efficacy was 7%17, 6% 14 

and	−0.4%42 , and 34% against first episodes of ear, nose, and throat specialist-

Figure 3.	Macrolide	resistant	genes	and	susceptibility	 
to	PCG
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referral cases43. Both follow-up through 2 years of age and long-term follow-up, 
demonstrated greater vaccine efficacy against recurrent AOM and tympanostomy-
tube placement, suggesting that vaccination against early episodes of AOM may 
prevent subsequent episodes of complicated otitis media. Although study designs 
varied by primary endpoint measured, age at follow-up, source of middle-ear 
fluid for culture, case ascertainment, and type of randomization, each clinical 
trial demonstrated vaccine efficacy against microbiological and/or clinical otitis 
media44.

Serotypes 19F, 23F and 6 are most prevalence serotypes followed by 
serotype 3, serotype 9V, serotype 7F as AOM pathogens all over the world. 
Increasing thread of PRSP is nowadays a great concern for all over the world and 
most the strains have also been getting multi-drug resistant. PRSP causes three 
times higher incidence of intractable AOM compared to PSSP. 

The most prominent effect of PCV7 in AOM might not be the observed 
reduction in AOM in vaccinated children, but rather a change in the proportions 
of penicillin-nonsusceptible S. pneumoniae	(PNSP	=	PISP+PRSP).

Clinically significant penicillin-resistant S.pneumoniae (PRSP) is mainly 
associated with seven serotypes: 6A, 6B, 9V, 14, 19A, 19F, and 23F. Of these 
seven serotypes five (6B, 9V, 14, 19F, 23F) are constituents of PCV-7 and the 
remaining two serotypes (6A, 19A) are immunologically related to serotypes in 
PCV-7, but only 6A has been reduced by PCV-745. 

Three studies from USA have attempted to determine the effect of PCV-7 
on AOM caused by PNSP by comparing the periods before and after PCV-7 
introduction15, 46,47 (Table 2). Casey et al. reported the significant reduction of 
PRSP46, however, McEllistrem in Pittsburgh found an increase in the proportion 
of non-vaccine serotypes, but the proportion of PRSP strains did not decrease 47. 
In the spectrum of AOM pathogens after vaccination, two studies clearly showed 
an increase in proportions of H.influenzae 15,46.

PCV reduce colonization of S. pneumoniae in AOM patients but the 
efficacy of vaccine in antimicrobial resistant pathogens in AOM still remain 
controversial48,49. 

However, concerns remain regarding the lack of PCV coverage in many 
developing countries and the potential for increases in AOM due to non-vaccine 
serotypes and H. influenzae. 
Table 2 Studies on the effect of PCV-7 on pathogens in AOM before and after PCV-7 introduction in the 
USA (*: statistically significant )

Total patho-
gens (n)

% of all pathogens

Total SP isolates PISP PRSP H.influenzae M.catarrhalis

Block et al 336 vs 83 48% vs 31% 16%vs13% 9% vs 6% 41%vs56%* 9% vs 11%

Casey et al 112 vs 35 48% vs 36% 7%vs4% 14% vs 4%* 43% vs 
57%*

6% vs 5%

McEllistrem 
et al

308 vs 197 23%vs21% 40%vs33%

Immunology in acute otitis media
1. Bacterial burden in the nasopharynx is closely associated with AOM
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 The nasopharyngeal bacterial flora establishes during the first year of life 
in children 50-53. The nasopharynx is then densely colonized with a broad array 
of microorganisms including commensal bacteria as well as potential pathogens. 
S. pneumoniae is one of the normal inhabitants in human nasopharynx and also 
becomes a causative pathogen responsible for URTIs including AOM and acute 
rhinosinusitis (ARS) of major importance. S. pneumoniae colonizes as many as 
54 % of children by 1 year of age 50. However, the colonization with pneumococci 
is asymptomatic in most cases. When the mucosal defense is deteriorated by 
viral infections, the pathogen may invade to the adjacent sites such as middle 
ear cavity or paranasal sinuses causing AOM or ARS, respectively. The presence 
of S. pneumoniae in the nasopharynx will be dramatically changed during the 
clinical course of URTIs. An increase of pneumococci and a parallel decrease of 
commensal flora in the nasopharynx are found during episodes of AOM among 
children younger than 3 years of age 52. In addition, pneumococcal colonization 
causes horizontal spread of this pathogen in children attending day-care centers 
and among siblings. Although a few data are available on age-related changes of 
pneumococcal colonization and serotype distribution of S. pneumoniae among 
healthy children, quantitative changes in bacterial load may reflect maintenance 
of nasopharyngeal colonization with pneumococci and the development of URTIs.

 In our study of the differences of nasopharyngeal density of S. pneumoniae 
between children with URTIs and healthy children, not only the detection rates 
of S. pneumoniae but also the density of S. pneumoniae in the nasopharynx 
were increased in children with 
URTIs (Figure 4)54. 

Faden et al. reported the 
increasing prevalence of caus-
ative pathogens in the nasophar-
ynx during episodes of AOM 55). 
S.pneumoniae carriage during 
healthy condition was reported to 
be lower at 13 to 43 % than those 
at 97 to 100 % during pneumo-
coccal AOM episodes. The heavy 
colonization by potential patho-
gens in the nasopharynx asso-
ciated with the high incidence 
of AOM among children. Thus, 
quantitative changes in nasopha-
ryngeal colonization by pneumo-
cocci would reflect a development of URTIs.

AOM occurs when pathogens of the nasopharynx enter the middle ear via the 
Eustachian tube (E-tube)56). E-tube is covered by mucociliary epithelium as a part 
of the upper respiratory tract, connecting the middle ear cavity to the nasopharynx. 
It plays an important role in the ventilation and protection of the middle ear 
cavity57. Under certain circumstances, when these microorganisms colonize 

Figure 4. The pneumococcal density in the nasopharynx of 
healthy children and of children with upper respiratory tract 
infections 54. 
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nasopharyngeal mucosal surface as commensal bacteria, they may gain access to 
the middle ear cavity through the E-tube, resulting in AOM58,59. Defense of the 
E-tube and middle ear (tubotympanum) against invading pathogens is provided 
by numerous factors including the mucociliary system and the antimicrobial 
molecules of the innate and adaptive immune systems 60.
2. Defense mechanism in upper airway

 The airway mucosa is the first line of defense against respiratory viruses and 
bacteria. It has a range of defenses that include mechanical such as mucociliary 
clearance, innate such as defensins, cytokines, and chemokines, and adoptive 
antigen-specific immunity. While these defense mechanisms are intended to 
facilitate rapid microbial clearance, bacteria and viruses have developed elaborate 
strategies to evade a range of antimicrobial mechanisms, innate and adoptive 
immune responses.

Protection against AOM due to pathogens such as S. pneumoniae, H. 
influenzae, and M. catarrhalis may depend on pathogen-specific antibody. In 
the case of S. pneumoniae, protective antibody directed mainly toward capsular 
polysaccharide antigens 61. 

Capsular polysaccharides of S. pneumoniae are type specific and have diver-
sity of more than 90 serotypes. The 13-valent PCV (PCV-13) which has licensed 
in USA in 2010 includes the seven serotypes (4,6B, 9V, 14, 18C, 19F, 23F) in 
PCV-7 and six additional serotypes (1, 3, 5, 6A,7F, 19A). Even the PCV-13 may 
be able to cover only 13 serotypes of 90 and more serotypes. An additional draw-
back of capsular polysaccharides is its poor immunogenicity in children younger 
than 2 years old 62,63. In addition, an increase of AOM caused by non-vaccine type 
pathogens such as non-vaccine serotypes of S. pneumoniae, H. influenzae or M. 
catarrhalis has been serious problem after the introduction of PCV-7. 

Therefore, we have thirsted for vaccine candidate-antigens, which are 
exposed on bacteria surface, evoke bactericidal antibody and are expressed 
in all strains. Presently we are focusing attention on antigens which satisfy 
above-mentioned factors and evoke pathogen-specific antibodies against protein 
immunogens such as pneumococcal surface protein A (PspA) of S. pneumoniae, 
P6 of nontypaeble H. influenzae, and UspA of M. catarrhalis. 

In our immunological study in children with otitis media 64-67, otitis-prone 
children were not unusually vulnerable to infections except those resulting in otitis 
media. This fact seems to refute the presence of a broad immunologic deficit in the 
children. However, children who had recurrent episodes of otitis media caused by 
S. pneumoniae, or nontypeable H. influenzae did not mount a normal response to 
pneumococcal capsular polysaccharide (PCP), PspA, and P6 during the episodes 
and failed to have a secondary immune response on repeated challenge. It is likely, 
therefore, that otitis-prone children will not respond adequately to pneumococcal 
antigens and thus may not be immunized effectively with a vaccine for otitis 
media that contains pneumococcal polysaccharides. Such children may also fail 
to respond appropriately to PspA or P6. Selective immunologic derangements in 
otitis-prone children may therefore be wider than previously believed. Effective 
active immunoprophylaxis against otitis media will be possible only when the 
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mechanism of the immunologic defect in otitis-prone children is understood.
3. Antibody response to pneumococcal capsular polysaccharides (PCP) in 
healthy and otitis-prone children 

In four subclasses, IgG1 to IgG4, of human IgG, IgG2 antibody is directed 
and immunologically functional against polysaccharide antigens. To know 
the antibody responses against PCP in healthy children and in otitis-prone 
children, serum anti-PCP IgG2 antibodies in those children were measured by 
the quantitative enzyme-linked immunosorbent assay (ELISA)67. A polyvalent 
pneumococcal vaccine (Pneumovax ® ; Merck Sharp & Dohme, West Point, 
PA, USA) containing 23 serotypes (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 
12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F) was used as a coating 
antigen. In healthy children, total IgG2 level was lowest at 6 months of age. The 
level increased until 2 years of age and then gradually decreased until 4 years of 
age. Thereafter, at 4-5 years, it increased again. Age-related change of Anti-PCP 
IgG2 was in line with total IgG2. In otitis prone children, subnormal levels of total 
IgG, and anti-PCP IgG2 were defined if the concentration was lower than 2 S.D. 
(standard deviation) below the mean for age in normal children. Five of 36 otitis-
prone children (13.9%) showed subnormal levels of total IgG. Thirteen of 27 
otitis-prone children (48.1%) showed subnormal levels of anti-PCP IgG2 antibody 
(Figure 5). The number of children with subnormal levels of total IgG2 was not 
larger in the otitis-prone group than in the normal group (p = 0.1484). However, 
the number of children with subnormal levels of anti-PCP IgG antibody was 
significantly larger in the otitis-prone group than in the healthy group (anti-PCP 
IgG2, p < 0.01).

Values in healthy children are plotted as a shaded area encompassing 2 S.D. 
around the mean. Otitis-prone children are represented as individual points (small 
black triangles).

Figure 5. Anti-PCP IgG2 in healthy children and in otitis-prone children.
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4. Immune response to PspA of S. pneumoniae in children with acute otitis media
A number of recent publications described the importance of PspA in 

both disease production and immunity. PspA is attached to the surface of the 
pneumococcus by the C-terminal end of the molecule, and much of the immune 
response elicited by immunization in animals is directed against the N-terminal 
alpha-helical portion of the molecule 68. The PspA gene is expressed in all strains 
of pneumococci, regardless of their capsular serotype69. Antibody responses 
to PspA in animals protect against sepsis and nasopharyngeal colonization70. 
Although PspA is a heterologous protein, there is a high degree of serologic cross-
reactivity among different PspA molecules from the two major families of PspA 

71. A single recombinant PspA protein is capable of inducing protection against 
pneumococcal strains of diverse capsular serotypes and different PspA serotypes 
in animal models. Thus, it is hypothesized that a single PspA protein may be able 
to provide protection against multiple diverse strains of S. pneumoniae 71. 

Studies of natural immunity to pneumococcal infections have focused 
almost exclusively on antibodies directed against the capsular polysaccharides. 
Although the introduction of conjugate vaccine has given satisfactory protective 
responses to polysaccharides in young children and raised expectations regarding 
a capsular-based vaccine, there are still more than 90 individual types of capsule 
in the pneumococcus. A single protein immunogen capable of eliciting protective 
antibodies would be attractive when compared with the need to include multiple 
polysaccharides in a vaccine for young children. Epidemiologic studies with 
S. pneumoniae indicate that acquisition of the strain and length of colonization 
decrease with increasing age, suggesting that maturation of the immune system in 
some way plays a role in controlling colonization patterns72.

The study of immune responses to PspA in the sera of various age groups 
in the general population showed that IgG was the dominant serum antibody to 
PspA (Figure 6)65. In the first 2 years of life, comparable amount of IgM and 
IgG antibodies were observed. In the older persons, IgG antibodies to PspA 
predominated over IgM antibodies. The level of IgA antibodies to PspA in serum 
remained low during the first 2 years of life. Although IgA was the dominant 
antibody to PspA in airway secretions, it was detected in a minority of the children. 
Even the majority of the children previously colonized with S. pneumoniae lacked 

Figure 6. Antibodies to PspA of S. pneumoniae in sera according to age.
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antibody to it in their secretions. A decline in PspA IgG antibody concentration 
was noted in sera from adults, and this was reflected in a similar decline in the 
proportion of total IgG represented by PspA-specific IgG. IgG; IgM, IgA. 

The antibody response against PspA was evaluated in children with AOM 
due to S. pneumoniae 66. The age of the children had a range of 4-32 months. The 
mean IgG, IgM, and IgA antibody responses to PspA in sera from children at the 
acute and convalescent stages were 4,864 mg/mL versus 5,831mg/mL, p<0.05, 
1,075 mg/mL versus 3,752 mg/mL, p<0.05, and 67 mg/mL versus 93 mg/mL, not 
significant, respectively. 

This study showed that majority of children responded to an infection by 
S. pneumoniae by making antibody to PspA. Nevertheless, the specific antibody 
to PspA may not always protective to middle ear infections of S. pneumoniae 
due to several factors. Mucosal antibodies, expected to be those most crucial for 
protection at the respiratory surface, might not be parallel to serum antibodies. 
Moreover, it is quite possible that anti-PspA antibodies elicited during otitis media 
may be protective against invasive disease even if protection against otitis media 
is not always achieved.
5. Immune responses to P6 of nontypeable H. influenzae in children with 
acute otitis media

Nontypeable H.i nfluenzae (NTHI) is frequently associated with recurrent 
and chronic episodes of middle ear disease73. One of the major outer membrane 
proteins of NTHI, P6, is highly conserved among strains, is antigenically stable, 
serves as a target for bactericidal antibody, and has been proposed as a possible 
candidate for vaccine formulation 74,75. 

The serum antibody response to P6 was studied in otitis-prone and healthy 
children by ELISA64. The study group consisted of 43 children, who ranged in 
age from 1 to 92 months and were included in a prospective study of otitis media. 
Thirty of the subjects were classified as otitis prone because they had had four or 
more episodes of otitis media in the first year of life or six or more episodes of 
otitis media by the second year, or needed placement of tympanostomy tubes. The 
other 13 children were considered healthy and had two or fewer episodes in the 
first year of life or three or fewer by the end of the second year. 

In the general population, anti-P6 IgG antibody at birth was found at almost 
the same level as in adults, whereas no IgM or IgA antibodies specific for P6 
were detected. Anti-P6 antibody levels in the three isotypes studied were lowest 
at 6 months of age and rose significantly after 2 years; IgG levels peaked at 10 
years, whereas IgM and IgA peaked at 6 years. In every age group, IgG antibody 
specific for P6 was in the highest concentration among the three isotypes. Anti-P6 
IgG antibody was detected in all individuals in each age group; however, IgM 
antibody specific for P6 was detected in all individuals older than 6 years of age, 
and IgA antibody specific for P6 was detected in all individuals only after 10 years 
of age. During the episode of otitis media, antibody levels in convalescent-phase 
sera exceeded those in acute-phase sera in 60%. 

Sera obtained during acute and convalescent periods were screened for 
bactericidal antibody. Ten acute-phase sera possessed bactericidal antibody and 
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10 did not; all convalescent-phase sera had bactericidal antibody. When the 
paired sera were divided into two groups, dependent on the presence or absence 
of bactericidal antibody in the acute period and then analyzed for antibody to P6, 
a significant rise in anti-P6 antibody was detected in the group initially lacking 
bactericidal antibody. 

To evaluate the immunological derangement in otitis-prone children, 
anti-P6 antibody levels were measured longitudinally in 30 otitis-prone and 
13 healthy children on 93 and 32 occasions, respectively. The age at time of 
sampling varied between 1 and 92 months. Antibody levels increased sevenfold 
in the normal group for 36 months, in comparison with less than threefold in the 
otitis-prone group for 48 months. The levels of antibody in the normal group 
were significantly higher than those in the otitis-prone group after the age of 18 
months. In general, individual antibody levels in otitis-prone individuals did not 
have an age-dependent rise. Furthermore, children who experienced two or more 
episodes of otitis media caused by nontypeable H. influenzae had no anamnestic 
antibody response to P6. Immunoglobulin IgM and IgA antibody responses to P6 
in otitis-prone children reached a plateau after 18 months of age, and the anti-P6 
IgM antibody level remained below the adult serum level even after 4 years of 
age. Differences between otitis-prone and normal children were not statistically 
significant. Antibody levels to P6 in otitis-prone children was measured and 
anti-P6 IgG were defined if the concentration was lower than 2 S.D. below the 
mean of age in normal children. As shown in Figure 7, 11 of 20 otitis-prone 
children (55%) showed subnormal levels of anti-P6 IgG 67.

Values in healthy children are 
plotted as a shaded area encompassing 
2 S.D. around the mean. Otitis-prone 
children are represented as individual 
points (small black circles).

The failure to develop good 
antibody response to common antigens 
may enable the pathogen to cause 
persistent or recurrent disease. As 
demonstrated by Harabuchi76, the level 
of anti-P6 antibody correlated to the 
severity of otitis media. The basis for 

these observed immunological abnormalities remains obscure. However, Kodama 
and Faden 77 suggested that in the case of NTHi, a lack of memory T lymphocytes 
might contribute to the poor antibody response despite repeated exposure to the 
pathogen. These results provide further information on the immunological aspects 
of otitis proneness. 
6. Importance of maternal antibodies and a noble strategy of intranasal 
immunization 

 In our immunological study in children with otitis media 64-67, otitis-prone 
children were not unusually vulnerable to infections except those resulting in otitis 
media. This fact seems to refute the presence of a broad immunologic deficit in the 

Figure 7. Anti-P6 IgG in healthy children and in 
otitis-prone children.
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children. However, children who had recurrent episodes of otitis media caused by 
S.pneumoniae, or NTHi did not mount a normal response to PCP, PspA, and P6 
during the episodes and failed to have a secondary immune response on repeated 
challenge. Selective immunologic derangements in otitis-prone children may 
therefore be wider than previously believed. In addition, young children whether 
or not they are healthy, show the lowest serum IgG level in their lives at age less 
than 2 years. Thus, it is important to induce effective protective immune responses 
against pneumococci during early childhood.

PspA is a structurally variable surface protein important to the virulence 
of pneumococci. PspAs are serologically cross-reactive and exist as two major 
families. Melin et al. reported the distribution of PspA families 1 and 2 among 
pneumococcal strains isolated from the middle ear fluid (MEF) of children 
with acute otitis media and from nasopharyngeal specimens of children with 
pneumococcal carriage 78. MEF isolates (n=201) of 109 patients and nasopharyngeal 
isolates (n=173) of 49 children were PspA family typed by whole-cell enzyme 
immunoassay (EIA). Genetic typing (PCR) of PspA family was done for 60 isolates 
to confirm EIA typing results. The prevalence of PspA families 1 and 2 were 
similar among pneumococci isolated from MEF (51% and 45%, respectively) and 
nasopharyngeal specimens (48% each). Isolates of certain capsule types as well as 
isolates of certain multilocus sequence types (STs) showed statistical associations 
with either family 1 or family 2 PspA. Pneumococci from seven children with 
multiple pneumococcal isolates appeared to express serologically different PspA 
families in different isolates of the same serotype; in three of the children the 
STs of the isolates were the same, suggesting that antigenic changes in the PspA 
expressed may have taken place. The majority of the isolates (97%) belonged to 
either PspA family 1 or family 2, suggesting that a combination including the two 
main PspA families would make a good vaccine candidate. They also reported 
development of antibodies to PspA families 1 and 2 measured by an enzyme 
immunoassay of the serum and saliva of children with a history of culture-proven 
pneumococcal colonization and/or acute otitis media and in the serum and saliva 
of adults 78. The majority of the children had high serum and salivary anti-PspA 
concentrations to the PspA family they had encountered and low concentrations to 
the other, whereas adults had high antibody concentrations to both PspA families, 
both in serum and in saliva. The results suggest that children have a relatively 
family-specific antibody response to the PspA family they have been exposed to 
and that any PspA vaccine for children should contain members of both major 
PspA families. Recent studies on the development of an effective mucosal vaccine 
have focused on the common mucosal immune system (CMSI)79,80. Yamamoto 
et al.81 reported that oral immunization with PspA and cholera toxin (CT) could 
induce PspA-specific immune responses in both saliva and sera. However, the 
oral route usually required relatively high amount of antigens for immunization. 
Kurono et al.82 reported the benefit of intranasal application to evoke specific 
mucosal immune responses, as well as systemic immune responses, by the use 
of the outer membrane proteins (OMP) of H. influenzae. Our previous study 
showed that intranasal immunization with the OMP P6 of H. influenzae and CT 
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every 2 days for 2 weeks elicited anti-P6-specific IgG antibodies as early as day 
7, and these peaked on day 2183. An application of this immunization schedule 
for maternal immunization also induced anti-P6-specific IgG in mother’s sera at 
birth and maintained the responses for 14 days during the nursing period 84. The 
anti-P6-specific IgG in sera of offspring delivered from P6-immunized mothers 
was increased at birth and until day 14. The intranasal application is easy to repeat 
and requires only a small amount of PspA, such as 1 mg, for each immunization. 
Recent studies have demonstrated several mucosal adjuvants, such as attenuated 
mutant CT, flt3 ligand, and the CpG motif 85-87. It would also be of further interest 
to apply these mucosal adjuvants for maternal intranasal immunization. Anti-
PspA-specific IgG antibody in maternal sera was shown to be transferred to the 
offspring via the placenta 88. Yamauchi et al. reported the importance of IgG 
antibody, rather than SIgA, in breast milk to maintain specific IgG in the sera 
of offspring mice 84. Differing from that in humans, mouse colostrum and breast 
milk contain high amounts of IgG antibody compared to amounts of IgA and IgM 
antibodies. In mice, IgG antibody in the mother’s sera is transferred from mother 
to fetus through the placenta by the neonatal Fc receptor, FcRn, which is expressed 
in the yolk sacs of mice and rats 89,90. Moreover, IgG antibody in breast milk is also 
transferred from the intestine lumen to the systemic circulation in neonate mice91. 
This transport of IgG antibody is mediated by FcRn expressed in the intestine of 
mice and rats 92,93. Offsprings delivered from mother mice intranasally immunized 
with PspA were protected from systemic pneumococcal infections. Ogunniyi et 
al. reported the enhanced survival times of mice after intraperitoneal infections by 
systemic immunization with PspA94. Roche et al. also reported that the survival 
times of mice after challenge with pneumococci intravenously at 2-log higher 
than the 50% lethal dose were enhanced by subcutaneous immunization with 
PspA95. The original evidence that PspA could elicit protective immune responses 
came from passive protection experiments with monoclonal antibodies to PspA 

96,97. The protective capacity of the sera is reported to be much more strongly 
correlated with serum levels of antibody to PspA than with the serum levels of 
antibody to the relevant capsular antigen98). PspA can interfere with the fixation of 
complement C3 and potentially block downstream events leading to opsonization 
and phagocyte chemotaxis 99. PspA specific IgG antibody will inhibit the action 
of PspA and enhance opsonophagocytosis. Based on the sequences of the alpha 
helical region of a major cross-protective epitope, PspA is divided into six 
clades that comprise three PspA families. Families 1 and 2 each represent about 
50% of pneumococci consistent with the report of Melin et al78, while family 3 
comprises about 1% of pneumococci (our unpublished data). PspAs are all cross-
reactive immunologically, although they have been found to be structurally and 
antigenically variable 100. Although the cross-reactivity of PspA-specific IgG in 
offspring PspA has recently undergone phase I clinical trials in humans and has 
been found to be safe and highly immunogenic 88. A human phase I trial with 
recombinant truncated PspA (family 1, clade 2) provided sera which showed that 
post-immune sera could protect mice from fetal pneumococcal infection. 
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We evaluated the protection conferred against fatal pneumococcal infections 
during infancy by maternal intranasal immunization with PspA 101. Four-week-old 
female BALB/c mice were immunized with PspA mixed with, or without, cholera 
toxin B (CTB) intranasally twice a week for 3 weeks. After the final immunization, 
they were mated with male mice to obtain offspring. Offsprings at 10 days old 
were intraperitoneally inoculated with a pneumococcus strain, TIGR4, serotype 4. 
After the infections their survival periods were monitored. Anti-PspA-specific IgG 
antibody was induced in sera and breast milk at birth and maintained for 14 days 
during nursing periods in the PspA-immunized mother mice (Figure 8A, 8B).

Figure 8A and 8B. The levels of anti-PspA-specific IgG antibody in mothers’ sera (a) and in breast milk 
(b). Values for results are expressed as mean ± SE of anti-PspA-specific IgG. Closed bars, immunized 
mothers; open bars, nonimmunized mothers. * p<0.01

At birth, offspring delivered from PspA-immunized mother mice had levels 
of anti-PspA-specific IgG antibody in sera similar to those in their mothers on 
the day of birth (Figure 9). The survival times to death of offspring delivered 
from PspA-immunized mother mice after systemic fatal pneumococcal infections 
were significantly extended compared to those of controls (Figure 10). This 
study indicates that, for protection against sepsis, a vaccine containing PspA 
may be ideal for eliciting protection against invasive disease. A previous study 
revealed that antibody to PspA could overcome the anti-complementary effect 
of PspA, allowing for increased complement activation and C3 deposition on 
pneumococci 97. Also, antibody to PspA enhanced the killing of pneumococci 
by apolactoferrin via the blocking of the bactericidal active site of lactoferrin 
responsible for pneumococcal killing102. These findings strongly suggested that 
the anti-PspA antibody can act as a bactericidal antibody and/or could be involved 
in opsonophagocytic killing. Additional testing will be required to arrive at the 
optimal minimal composition of a vaccine to prevent pneumococcal infections. 
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In conclusion, maternal intranasal immunization would be an attractive 
procedure against pneumococcal infections in early childhood, because 
transition of the specific antibody can be expected through the placenta and 
the mother’s milk. 
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