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  Nontypeable  Haemophilus infl uenzae  is an impor-
tant human respiratory tract pathogen that causes 
about 30% of otitis media in infants and children. 
This proportion is increasing as a result of pneumo-
coccal conjugate vaccines. Because of the morbidity 
associated with otitis media, a strong rationale exists 
to develop strategies to prevent these infections. A 
challenge to developing a vaccine for nontypeable  H. 
infl uenzae  is the antigenic heterogeneity of several 
major surface antigens and the genetic heterogeneity 
among strains. Several research groups have identi-
fi ed conserved surface proteins and tested them as 
putative vaccines. A recent clinical trial with protein 
D, a conserved surface antigen, demonstrated par-
tial effi cacy in preventing  H. infl uenzae  otitis media. 
This important result provides a proof of principle for 
developing a vaccine to prevent otitis media caused by 
nontypeable  H. infl uenzae . Several vaccine antigens 
for nontypeable  H. infl uenzae  are in development.

  Introduction
   Haemophilus infl uenzae  includes encapsulated and non-
encapsulated strains. The  H. infl uenzae  type b conjugate 
vaccines that consist of type b capsular polysaccharide 
conjugated to protein carriers successfully prevent inva-
sive infections caused by encapsulated  H. infl uenzae  
type b strains. However, these vaccines have no effect on 
infections caused by nontypeable  H. infl uenzae  because 
the latter strains lack a polysaccharide capsule. Nontype-
able  H. infl uenzae  is an important and common human 
respiratory tract pathogen that causes otitis media in 
infants and children and lower respiratory tract infection 

in adults with chronic obstructive pulmonary disease. 
Recent progress in vaccine development for nontypeable 
strains of  H. infl uenzae  has reinvigorated the fi eld. This 
review provides an update on the status of vaccine devel-
opment for nontypeable  H. infl uenzae .

  Spectrum of Disease Caused by 
Nontypeable  H. infl uenzae 
  Nontypeable  H. infl uenzae  is a common and important 
respiratory tract pathogen in children and adults. Because 
the bacterium is present in the upper respiratory tract 
fl ora, estimating the true burden of disease caused by non-
typeable  H. infl uenzae  requires rigorous methods. Simply 
isolating the organism in cultures of the respiratory tract 
does not establish causality.

  Based on carefully performed studies, the primary 
clinical manifestations of infection caused by nontype-
able  H. infl uenzae  are otitis media and sinusitis in infants 
and children [ 1•• ]. Indeed, nontypeable  H. infl uenzae  
is an important cause of sinusitis in children and adults 
[ 2• , 3 ]. In addition to upper respiratory tract infections, 
nontypeable  H. infl uenzae  also causes lower respira-
tory tract infections. The bacterium is the most common 
cause of exacerbations in adults with chronic obstruc-
tive pulmonary disease and also likely contributes to the 
pathogenesis of the disease by chronically colonizing the 
lower airways [ 4 ]. Furthermore, nontypeable  H. infl uen-
zae  causes community-acquired pneumonia in adults and 
may cause pneumonia in children in developing countries, 
although precise estimates are diffi cult [ 5 ].

  In view of recent progress in vaccine development for 
nontypeable  H. infl uenzae  in the setting of otitis media and 
given the strong rationale for pursuing vaccines to prevent 
otitis media, this review focuses primarily on vaccines for 
otitis media caused by nontypeable  H. infl uenzae .

  Epidemiology and Disease 
Burden of Otitis Media
  Otitis media is the most common bacterial infection in child-
hood, accounting for at least 16 million physician visits and 
more than 13 million antibiotic prescriptions annually in the 
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United States in 2000 [ 6 ]. Otitis media is a costly disease and 
is the most common reason why children receive antibiotics 
[ 7–12 ]. A subset of children experience recurrent and chronic 
otitis media [ 13 ]. These otitis-prone children have protracted 
middle-ear effusions that are associated with hearing loss 
and delays in speech and language development [ 6 ]. Inser-
tion of tympanostomy tubes to correct chronic and recurrent 
otitis media is the most common indication for children to 
undergo general anesthesia. Preventing otitis media would 
have signifi cant human and economic benefi t, particularly 
for otitis-prone children.

  Bacteriology of Otitis Media
  Culture of middle-ear fl uid obtained by tympanocente-
sis is the “gold standard” for identifying the etiology of 
acute otitis media. Based on cultures of middle-ear fl uid, 
nontypeable  H. infl uenzae  is the second most common 
bacterial cause of otitis media after  Streptococcus pneu-
moniae , causing 25% to 35% of episodes of acute otitis 
media [ 1•• , 14–17 ]. However, the bacteriology of otitis 
media is changing.

  Since 2000, a majority of infants in many countries 
have received the 7-valent pneumococcal conjugate vaccine. 
Two studies have evaluated the effect of the widespread use 
of this vaccine on the distribution of pathogens causing oti-
tis media. Casey and Pichichero [ 18 ] and Block et al. [ 19 ] 
compared the bacteriology of middle-ear fl uids obtained 
by tympanocentesis from years prior to licensing of the 
pneumococcal conjugate vaccine to years during which 
most children received the vaccine. Both studies showed a 
signifi cant increase in the proportion of acute otitis media 
caused by nontypeable  H. infl uenzae  in children failing 
initial antimicrobial therapy or with recurrent episodes 
coincident with widespread use of the vaccine. These fi nd-
ings were consistent with those of the Finnish Otitis Media 
Study Group, which reported an increase in otitis media 
due to nontypeable  H. infl uenzae  in vaccine recipients [ 20 ]. 
Another study by Revai et al. [ 21• ] demonstrated that naso-
pharyngeal colonization by nontypeable  H. infl uenzae  and 
 Moraxella catarrhalis  are increasing with the widespread 
administration of pneumococcal conjugate vaccines. These 
observations highlight the increasing importance of non-
typeable  H. infl uenzae  in otitis media and emphasize the 
need for continued surveillance of the bacteriology of otitis 
media [ 22 , 23 ]. Similar changes in nasopharyngeal coloni-
zation patterns are also observed in the setting of sinusitis 
in children and adults [ 2• , 3 ]. 

  Feasibility of Preventing Bacterial 
Otitis Media With Vaccines
  Otitis media is a multifactorial disease. Predisposing 
factors include eustachian tube dysfunction, early col-
onization by nontypeable  H. influenzae  [ 24 ], immune 
dysfunction [ 25 ], and interactions between respira-
tory bacteria and viruses [ 26 ]. In view of these several 

determinants, the feasibility of preventing otitis media 
using a vaccination strategy is questionable. 

  Several lines of evidence indicate that a protective 
immune response can be generated to middle-ear bacte-
rial pathogens. First, although the early experience with 
pneumococcal vaccines to prevent otitis media was dis-
appointing because of lack of immunogenicity, it was 
clear that a good serum antibody response was followed 
by type-specifi c protection from middle-ear infection 
[ 27 , 28 ]. Therefore, if it is possible to overcome the poor 
immunogenicity of complex polysaccharide antigens in 
infants, prevention of otitis media due to  S. pneumoniae  
by vaccination is a realistic goal. Second, the prophylactic 
administration to otitis-prone children of hyperimmune 
human immune globulin containing antibodies to pneu-
mococcal polysaccharides signifi cantly decreased the 
incidence of pneumococcal otitis media [ 29 ]. Third, 
bactericidal antibody to nontypeable  H. infl uenzae  was 
associated with protection from infection, and children 
developed a strain-specifi c protective immune response 
following otitis media [ 30 ]. However, the results of a 
recently published, randomized, prospective clinical trial 
provide the most compelling evidence for the feasibility of 
preventing otitis media caused by nontypeable  H. infl uen-
zae , and are described in the following section [ 31•• ].

  Protein D Pneumococcal Conjugate Vaccine
  As reported by Prymula et al. [ 31•• ], the randomized, 
prospective clinical trial assessed a vaccine that con-
tained polysaccharides from 11 different pneumococcal 
serotypes conjugated to protein D, a conserved surface 
protein of  H. infl uenzae . A total of 4968 infants were 
randomized to receive the protein D conjugate vaccine 
or hepatitis A vaccine as a control. The vaccines were 
administered at ages 3, 4, 5, and 12 to 15 months. 
Children were followed for episodes of otitis media and 
underwent tympanocentesis and culture of middle-ear 
fl uid for clinically documented otitis media.

  The primary end point of the study was protective effi -
cacy against the fi rst episode of acute otitis media caused 
by pneumococcal vaccine serotypes. Of importance for 
the present discussion, the main secondary end point was 
protective effi cacy against a fi rst episode of otitis media 
caused by nontypeable  H. infl uenzae . During the follow-
up period, there were 44 episodes of  H. infl uenzae  otitis 
media in the protein D conjugate vaccine group compared 
with 68 such episodes in the hepatitis A vaccine control 
group, yielding an effi cacy of 35.6%. This is the fi rst clini-
cal trial of a vaccine antigen that shows protective effi cacy 
against  H. infl uenzae  otitis media and provides a proof 
of principle for a surface antigen inducing a protective 
immune response.

  The immunogenicity of the protein D component of 
the vaccine was assessed in a subset of children in the 
study (149 children in the vaccine group and 148 in the 
control group). All children in the vaccine group subset 
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except one had measurable levels of antibody to protein 
by enzyme-linked immunosorbent assay compared with 
23% of infants in the control group. 

  One mechanism by which the vaccine may have its 
protective effect is by reducing nasopharyngeal coloni-
zation. To assess the vaccine’s effect on colonization by 
 H. infl uenzae , nasopharyngeal cultures were performed 
on a subset of infants at age 15 to 18 months (177 in 
the vaccine group and 175 in the control group). There 
were 18 positive cultures in the vaccine group compared 
with 31 positives in the control group. Although these 
numbers reached statistical signifi cance, a reliable con-
clusion regarding the vaccine’s effect on colonization is 
not yet possible because of the small number of positive 
cultures and the fact that a single nasopharyngeal swab 
is not a reliable indicator of colonization. Additional 
studies are needed to determine the effect of the vac-
cine on nasopharyngeal colonization.

  More work is needed to determine the mechanism of 
protection against  H. infl uenzae  induced by the protein D 
pneumococcal conjugate vaccine. A series of experiments 
with the chinchilla model of otitis media provided evidence 
suggesting that protection is antibody-mediated. Passive 
immunization of animals with serum from children in the 
trial induced protection in the model that paralleled the 
level of protection observed in immunized children [ 32• ].

  A more recent study further evaluated a potential 
protective mechanism of antibody responses to protein 
D. Protein D belongs to the glycerophosphodiester phos-
phodiesterase protein family [ 33• ]. Toropainen et al. [ 34• ] 
hypothesized that the protection induced by antibodies 
to protein D could be due to the inhibition of its enzyme 
activity. To test this hypothesis, pre- and postvaccination 
serum samples from infants who received the vaccine were 
studied in an enzyme-inhibition assay. Approximately 
29% of the children who received the protein D conjugate 
vaccine showed a positive result after the enzyme-inhi-
bition assay compared with no children in the control 
group. These results suggest that protective effi cacy may 
be mediated by antibody inhibition of the enzyme activ-
ity of protein D. This enzyme is critical in the acquisition 
and incorporation of phosphorylcholine into the lipooli-
gosaccharide of  H. infl uenzae  [ 35 ]. Phosphoryl choline is 
important for adherence and persistence of  H. infl uenzae  
on the mucosal surface. Thus, it is intriguing to specu-
late that antibodies to protein D interfere with adherence 
by blocking the protein’s enzymatic activity. It will be 
important to elucidate the mechanism of protection as the 
vaccine antigen is assessed in vaccine trials.

  Additional clinical trials with protein D pneumococ-
cal conjugate vaccines are being conducted. These results 
will be available in the next few years.

  Approach to Vaccine Development
  The observation that a surface protein (protein D) of 
 H. infl uenzae  can induce protective responses in humans 

has invigorated the fi eld of vaccine development for non-
typeable  H. infl uenzae . A hallmark of nontypeable  H. 
infl uenzae  is the enormous genetic heterogeneity among 
strains. One result of this genetic heterogeneity is sequence 
heterogeneity of many of the major surface antigens. 
For example, the P2 porin protein is the most abun-
dant protein on the bacterial surface, suggesting it may 
be an appealing vaccine antigen. However, the protein 
contains several surface loops that show sequence differ-
ences among strains, raising the possibility that P2 may 
not induce broadly reactive immune responses. Recent 
work suggests that the conserved regions of the protein 
may represent an effective approach [ 36 , 37 ]. Similarly, 
the lipooligosaccharide molecule is a prominent surface 
antigen that displays antigenic and phase variability 
among strains, creating obstacles to using this molecule 
as a vaccine antigen. However, a detoxifi ed form of lipoo-
ligosaccharide using relatively conserved regions of the 
molecule has shown promise in animal models [ 38 , 39 ]. 
Therefore, one approach to developing vaccine antigens is 
to use antigenically conserved regions of abundant surface 
molecules to induce protective immune responses.

  Another approach being taken by several research 
groups is to identify surface proteins that demonstrate 
sequence conservation among strains. In evaluating surface 
antigens as potential vaccine candidates, several character-
istics should be considered. First, the antigen should express 
epitopes that are available for binding on the surface of 
the bacterium. Antibodies likely induce their protective 
responses by blocking adherence, directing complement-
mediated killing, or opsonizing for killing; thus the antigen 
to which the antibodies are directed should be expressed 
on the bacterial surface during at least part of the bacterial 
growth cycle. A second characteristic of vaccine antigens is 
sequence conservation among strains. A successful vaccine 
antigen will induce a response that protects against all or 
most strains of the species. Ideally, the antigen is identi-
cal among strains. However, alternative approaches might 
involve using conserved regions of selected molecules or 
using a moderately conserved antigen from several selected 
strains in a vaccine preparation.

  A third consideration for a vaccine antigen is phase 
variation and expression of the vaccine antigen in vivo. A 
putative vaccine antigen must be expressed by the bacte-
rium during infection or colonization in the human host. 
Bacteria have a remarkable capability for turning off and 
on the expression of surface molecules under different 
growth conditions. A surface molecule that is expressed 
prominently when grown in vitro but whose expression 
is shut off under in vivo conditions would not be a very 
useful vaccine antigen.

  A fourth consideration for a vaccine antigen involves 
the immunogenicity of the antigen. For an antigen to 
be effective, it must be capable of inducing an immune 
response in the target population. A vaccine for otitis 
media would need to be immunogenic in infants in the 
fi rst several months of life because an episode of otitis 
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media during the fi rst year of life is a risk factor for recur-
rent otitis media. It is not yet possible to predict which 
children will be otitis prone, but they are the children who 
will benefi t most from a vaccine to prevent otitis media. 
Therefore, many authorities recommend universal vacci-
nation for otitis media beginning in the fi rst 2 months of 
life once effective vaccines are available [ 40 , 41 ].

  Finally, a candidate antigen must induce a protective 
immune response. Identifying a correlate of protection 
to predict the likelihood of a putative vaccine antigen 
to induce a protective immune response is an important 
element in vaccine development. Several animal models 
have contributed important information in evaluating 
and prioritizing putative vaccine antigens for nontype-
able  H. infl uenzae , including a chinchilla model of otitis 
media, pulmonary clearance models in rats and mice, and 
nasopharyngeal colonization models in chinchillas and 
mice. In addition to animal models, serum bactericidal 
antibody to nontypeable  H. infl uenzae  was studied as a 
correlate of protection. Prospective studies of children 
have demonstrated that the presence of serum bactericidal 
antibody to nontypeable  H. infl uenzae  is strongly associ-
ated with protection against otitis media from that strain 
[ 30 ]. These methods are useful in characterizing vaccine 
antigens, but the true test of a vaccine antigen is how it 
performs in a well-designed clinical trial.

  Candidate Vaccine Antigens
  Several potential vaccine antigens in various stages of 
development are discussed briefl y here. This is not an all-
inclusive list, as other excellent vaccine antigens may also 
be viable candidates. In the following sections, the term 
“strains” refers to strains of nontypeable  H. infl uenzae . 
Until an antigen demonstrates effi cacy and safety in a 
clinical trial, one cannot predict with certainty whether 
the candidate antigen will be effective.

   Haemophilus  adhesin protein family (~ 155 kDa)
   Haemophilus  adhesin protein (Hap) is a surface adhe-
sin that has homology with, but is separate and distinct 
from, IgA protease. Hap is an adhesin that is present in 
most or all strains, and has demonstrated protection in 
animal models [ 42 ].

  HMW1 and HMW2 (~ 120–125 kDa)
  High molecular-weight (HMW) proteins 1 and 2 are 
closely related adhesin proteins that are present in 
about 70% of strains. The proteins are homologous 
to the fi lamentous hemagglutinin, a vaccine antigen 
of  Bordetella pertussis . HMWs contain conserved and 
heterogeneous regions [ 43 ]. 

   H. infl uenzae  adhesin (~ 115 kDa) 
   H. infl uenzae  adhesin (Hia) autotransporter is an adhesin 
that promotes adherence to respiratory epithelial cells. Hia is 
expressed by nearly all strains that lack the HMW proteins.

  D15 protein (~ 80 kDa)
  The D15 protein is a target of human antibody and has 
been demonstrated to be protective in animal models. 

  HtrA (~ 46 kDa)
  The HtrA heat shock protein has demonstrated protective 
effi cacy in animal models.

  P2 porin (~ 36–42 kDa) 
  P2 is a major surface protein comprising approximately 
half the protein content of the outer membrane. Although 
the protein contains heterogeneous surface loops, anti-
bodies to conserved regions of the protein are bactericidal 
for multiple strains. In addition, mucosal immunization 
of mice induces antibodies that bind to surface epitopes 
of many strains, suggesting that conserved regions of P2 
may be effective vaccine antigens [ 36 , 37 ].

  Lipoprotein D (~ 42 kDa) 
  Lipoprotein D is a highly conserved lipoprotein that binds 
IgD and is present on the bacterial surface. Protein D, a 
form of the protein without the amino terminal lipid, is 
the carrier protein in the protein D pneumococcal conju-
gate vaccine discussed earlier [ 33• ].

  P5 fi mbrin (~ 27–35 kDa)
  P5 is an outer membrane protein A–like protein and an 
adhesin on the bacterial surface. A peptide corresponding 
to a surface-exposed loop induces protective responses in 
animal models [ 44 ].

  Outer membrane protein P4 (~ 30 kDa) 
  P4 is a phosphomonoesterase that is conserved among strains. 
Antibodies to P4 are bactericidal for many strains and the 
protein induces protective responses in animal models.

  Outer membrane protein 26 (~ 26 kDa)
  Outer membrane protein 26 is a member of the Skp fam-
ily of proteins, whose putative function is translocation 
of outer membrane proteins and lipooligosaccharide. 
This conserved protein induces protective responses in 
animal models [ 44 , 45 ].

  P6 protein (~ 16 kDa) 
  P6 is a peptidoglycan-associated lipoprotein that is highly 
conserved among strains. Results from multiple animal 
models and indirect evidence from several clinical studies 
in adults and children indicate that P6 induces protective 
immune responses [ 46 , 47 ]. 

  Protein E (~ 16 kDa) 
  This newly discovered surface protein binds IgD and acts 
as an adhesin to type 2 alveolar cells [ 48 ].

  Type IV pilus (~ 14 kDa) 
  Type IV pilus mediates twitching motility and is involved 
in adherence and biofi lm formation [ 49 , 50 ].
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  Lipooligosaccharide (~ 2.5–3.3 kDa)
  A detoxifi ed lipooligosaccharide vaccine induces protection 
in animal models. Such a vaccine will need to overcome the 
antigenic heterogeneity of lipooligosaccharide among strains. 

  Phosphoryl choline (184 Da) 
  Phosphoryl choline is an antigenic epitope on lipooligo-
saccharide of  H. infl uenzae  and on lipoteichoic acid of 
 S. pneumoniae . The molecule is a virulence factor and 
immune responses to phosphoryl choline may prevent 
upper airway infections by both bacteria.

  Conclusions
  A vaccine to prevent otitis media caused by nontypeable 
 H. infl uenzae  would have signifi cant human and economic 
benefi t. The recent observation that a vaccine containing a 
conserved surface protein of  H. infl uenzae  yielded partial 
protection is a most important advance because the study 
provides a proof of principle of the feasibility of preventing 
 H. infl uenzae  otitis media by vaccination. Several addi-
tional vaccine antigens are in development. The successful 
vaccine for nontypeable  H. infl uenzae  infections will likely 
contain multiple antigens.

  Acknowledgment
  Supported by the National Institute of Allergy and Infec-
tious Diseases (AI19641) and by the Department of 
Veterans Affairs.

  Disclosure
  Dr. Murphy has received consulting fees from GlaxoSmith-
Kline, Merck, Mpex and grant support from Sanofi -Aventis. 
He has a licensing agreement with Wyeth for vaccine anti-
gens and holds patents related to bacterial vaccines.

  References and Recommended Reading
  Papers of particular interest, published recently, 
have been highlighted as:
  • Of importance
  •• Of major importance
  
  1.••  Murphy   TF,   Faden   H,   Bakaletz   LO,   et al. :  Nontypeable 

Haemophilus infl uenzae as a pathogen in children.   Pediatr 
Infect Dis J   2009,   28:  43–  48. 

  This article provides a comprehensive review of the clinical 
manifestations of infection due to nontypeable  H. infl uenzae  in 
infants and children with a brief overview of recent observations of 
the pathogenesis of infection.
  2.•  Brook   I,   Foote   PA,   Hausfeld   JN:   Frequency of recovery of 

pathogens causing acute maxillary sinusitis in adults before 
and after introduction of vaccination of children with the 
7-valent pneumococcal vaccine.   J Med Microbiol   2006, 
  55:  943–  946. 

  This study shows that the etiology of acute maxillary sinusitis in adults, 
based on cultures obtained by endoscopy, appears to be changing with 
the widespread use of pneumococcal conjugate vaccines in children. 
A trend toward increasing  H. infl uenzae  sinusitis was observed.

  3.  Brook   I,   Gober   AE:   Frequency of recovery of pathogens 
from the nasopharynx of children with acute maxillary 
sinusitis before and after the introduction of vaccination 
with the 7-valent pneumococcal vaccine.   Int J Pediatr 
Otorhinolaryngol   2007,   71:  575–  579. 

  4.  Sethi   S,   Murphy   TF:   Infection in the pathogenesis and 
course of chronic obstructive pulmonary disease.   N Engl J 
Med   2008,   359:  2355–  2365. 

  5.  Hausdorff   WP,   Dagan   R:   Serotypes and pathogens in 
paediatric pneumonia.   Vaccine   2008,   26(Suppl 2):  B19–  B23.

   6.  American Academy of Pediatrics:   Diagnosis and manage-
ment of acute otitis media.   Pediatrics   2004,   113:  1451–  1465. 

  7.  Schilder   AG,   Lok   W,   Rovers   MM:   International perspec-
tives on management of acute otitis media: a qualitative 
review.   Int J Pediatr Otorhinolaryngol   2004,   68:  29–  36. 

  8.  Alsarraf   R,   Gates   GA:   The real cost of otitis media.   Acta 
Paediatr   1999,   88:  487–  488. 

  9.  Brouwer   CN,   Rovers   MM,   Maille   AR,   et al. :  The impact of 
recurrent acute otitis media on the quality of life of children 
and their caregivers.   Clin Otolaryngol   2005,   30:  258–  265. 

  10.  Lee   J,   Witsell   DL,   Dolor   RJ,   et al. :  Quality of life of patients 
with otitis media and caregivers: a multicenter study. 
  Laryngoscope   2006,   116:  1798–  1804. 

  11.  Niemela   M,   Uhari   M,   Mottonen   M,   Pokka   T:   Costs arising 
from otitis media.   Acta Paediatr   1999,   88:  553–  556. 

  12.  O’Neill   P:   Acute otitis media.   BMJ   1999,   319:  833–  835. 
  13.  Faden   H:   The microbiologic and immunologic basis for 

recurrent otitis media in children.   Eur J Pediatr   2001, 
  160:  407–  413. 

  14.  Ruohola   A,   Meurman   O,   Nikkari   S,   et al. :  Microbiology 
of acute otitis media in children with tympanostomy tubes: 
prevalences of bacteria and viruses.   Clin Infect Dis   2006, 
  43:  1417–  1422. 

  15.  Arguedas   A,   Dagan   R,   Leibovitz   E,   et al. :  A multicenter, open 
label, double tympanocentesis study of high dose cefdinir in 
children with acute otitis media at high risk of persistent or 
recurrent infection.   Pediatr Infect Dis J   2006,   25:  211–  218. 

  16.  Kilpi   T,   Herva   E,   Kaijalainen   T,   et al. :  Bacteriology of acute 
otitis media in a cohort of Finnish children followed for the 
fi rst two years of life.   Pediatr Infect Dis J   2001,   20:  654–  662. 

  17.  Gehanno   P,   Panajotopoulos   A,   Barry   B,   et al. :  Microbiology 
of otitis media in the Paris, France, area from 1987 to 1997. 
  Pediatr Infect Dis J   2001,   20:  570–  573. 

  18.  Casey   JR,   Pichichero   ME:   Changes in frequency and 
pathogens causing acute otitis media in 1995–2003.   Pediatr 
Infect Dis J   2004,   23:  824–  828. 

  19.  Block   SL,   Hedrick   J,   Harrison   CJ,   et al. :  Community-wide 
vaccination with the heptavalent pneumococcal conjugate 
signifi cantly alters the microbiology of acute otitis media. 
  Pediatr Infect Dis J   2004,   23:  829–  833. 

  20.  Eskola   J,   Kilpi   T,   Palmu   A,   et al. :  Effi cacy of a pneumococcal 
conjugate vaccine against acute otitis media.   N Engl J Med 
  2001,   344:  403–  409. 

  21.•  Revai   K,   McCormick   DP,   Patel   J,   et al. :  Effect of pneu-
mococcal conjugate vaccine on nasopharyngeal bacterial 
colonization during acute otitis media.   Pediatrics   2006, 
  117:  1823–  1829. 

  This study highlights the effect of pneumococcal conjugate vaccines 
in changing patterns of nasopharyngeal colonization by bacterial 
pathogens of otitis media.
  22.  Fletcher   MA,   Fritzell   B:   Brief review of the clinical effec-

tiveness of PREVENAR against otitis media.   Vaccine   2007, 
  25:  2507–  2512. 

  23.  Leibovitz   E,   Jacobs   MR,   Dagan   R:   Haemophilus infl uenzae: 
a signifi cant pathogen in acute otitis media.   Pediatr Infect 
Dis J   2004,   23:  1142–  1152. 

  24.  Faden   H,   Brodsky   L,   Waz   MJ,   et al. :  Nasopharyngeal fl ora 
in the fi rst three years of life in normal and otitis-prone 
children.   Ann Otol Rhinol Laryngol   1991,   100:  612–  615. 

  25.  Ambrosino   DM,   Umetsu   DT,   Siber   GR,   et al. :  Selective defect 
in the antibody response to Haemophilus infl uenzae type b 
in children with recurrent infections and normal serum IgG 
subclass levels.   J Allergy Clin Immunol   1988,   81:  1175–  1179. 



182  I  Upper Respiratory, Head, and Neck Infections

  26.  Chonmaitree   T,   Revai   K,   Grady   JJ,   et al. :  Viral upper 
respiratory tract infection and otitis media complication in 
young children.   Clin Infect Dis   2008,   46:  815–  823. 

  27.  Makela   PH,   Leinonen   M,   Pukander   J,   Karma   P:   A study 
of the pneumococcal vaccine in prevention of clinically 
acute attacks of recurrent otitis media.   Rev Infect Dis 
  1981,   3:  S124–  S130.

   28.  Sloyer   JL Jr,   Ploussard   JH,   Howie   VM:   Effi cacy of pneu-
mococcal polysaccharide vaccine in preventing acute otitis 
media in infants in Huntsville, Alabama.   Rev Infect Dis 
  1981,   3:  S119–  S123.

   29.  Shurin   PA,   Rehmus   JM,   Johnson   CE,   et al. :  Bacterial poly-
saccharide immune globulin for prophylaxis of acute otitis 
media in high-risk children.   J Pediatr   1993,   123:  801–  810. 

  30.  Faden   H,   Bernstein   J,   Brodsky   L,   et al. :  Otitis media in 
children. I. The systemic immune response to nontypable 
Haemophilus infl uenzae.   J Infect Dis   1989,   160:  999–  1004. 

  31.••  Prymula   R,   Peeters   P,   Chrobok   V,   et al. :  Pneumococcal 
capsular polysaccharides conjugated to protein D for pre-
vention of acute otitis media caused by both Streptococcus 
pneumoniae and non-typable Haemophilus infl uenzae: 
a randomised double-blind effi cacy study.   Lancet   2006, 
  367:  740–  748. 

  This was the fi rst study to demonstrate that vaccination is capable of 
protecting against otitis media caused by nontypeable  H. infl uenzae , 
and thus represents a proof of principle for the approach. The vac-
cine contains protein D, a conserved surface-exposed protein.
  32.•  Novotny   LA,   Jurcisek   JA,   Godfroid   F,   et al. :  Passive immu-

nization with human anti-protein D antibodies induced 
by polysaccharide protein D conjugates protects chinchil-
las against otitis media after intranasal challenge with 
Haemophilus infl uenzae.   Vaccine   2006,   24:  4804–  4811. 

  This study demonstrated that serum from children immunized with 
the protein D conjugate vaccine produced passive protection in a 
chinchilla model of otitis media, suggesting that the model may 
represent a correlate of protection.
  33.•  Forsgren   A,   Riesbeck   K,   Janson   H:   Protein D of Hae-

mophilus infl uenzae: a protective nontypeable H. infl uenzae 
antigen and a carrier for pneumococcal conjugate vaccines. 
  Clin Infect Dis   2008,   46:  726–  731. 

  This article is an excellent review of protein D, which is a component 
of the conjugate vaccine that induced protection against  H. infl uenzae  
otitis media in a clinical trial.
  34.•  Toropainen   M,   Raitolehto   A,   Henckaerts   I,   et al. :  Pneumo-

coccal Haemophilus infl uenzae protein D conjugate vaccine 
induces antibodies that inhibit glycerophosphodiester 
phosphodiesterase activity of protein D.   Infect Immun 
  2008,   76:  4546–  4553. 

  This study suggests the intriguing possibility that antibodies to 
protein D exert their protective effect by inhibiting the enzymatic 
activity of the protein.
  35.  Fan   X,   Goldfi ne   H,   Lysenko   E,   Weiser   JN:   The transfer of 

choline from the host to the bacterial cell surface requires 
glpQ in Haemophilus infl uenzae.   Mol Microbiol   2001, 
  41:  1029–  1036. 

  36.  Neary   JM,   Murphy   TF:   Antibodies directed at a conserved 
motif in loop 6 of outer membrane protein P2 of nontype-
able Haemophilus infl uenzae recognize multiple strains 
in immunoassays.   FEMS Immunol Med Microbiol   2006, 
  46:  251–  261. 

  

  37.  Ostberg   KO,   Russell   MW,   Murphy   TF:   Mucosal immu-
nization of mice with recombinant OMP P2 induces 
antibodies that bind to surface epitopes of multiple 
strains of nontypeable Haemophilus infl uenzae.   Mucosal 
Immunol   2009,   2:  63–  73. 

  38.  Hou   Y,   Gu   XX:   Development of peptide mimotopes of lipoo-
ligosaccharide from nontypeable Haemophilus infl uenzae as 
vaccine candidates.   J Immunol   2003,   170:  4373–  4379. 

  39.  Wu   T,   Chen   J,   Murphy   TF,   et al. :  Investigation of non-type-
able Haemophilus infl uenzae outer membrane protein P6 
as a new carrier for lipooligosaccharide conjugate vaccines. 
  Vaccine   2005,   23:  5177–  5185. 

  40.  Giebink   GS,   Kurono   Y,   Bakaletz   LO,   et al. :  Recent 
advances in otitis media. 6. Vaccine.   Ann Otol Rhinol 
Laryngol Suppl   2005,   194:  86–  103. 

  41.  Murphy   TF,   Bakaletz   LO,   Kyd   JM,   et al. :  Vaccines for otitis 
media: proposals for overcoming obstacles to progress. 
  Vaccine   2005,   23:  2696–  2702. 

  42.  Liu   DF,   Mason   KW,   Mastri   M,   et al. :  The C-terminal 
fragment of the internal 110-kilodalton passenger domain 
of the Hap protein of nontypeable Haemophilus infl uenzae 
is a potential vaccine candidate.   Infect Immun   2004, 
  72:  6961–  6968. 

  43.  Winter   LE,   Barenkamp   SJ:   Antibodies specifi c for the 
high-molecular-weight adhesion proteins of nontypeable 
Haemophilus infl uenzae are opsonophagocytic for both 
homologous and heterologous strains.   Clin Vaccine Immu-
nol   2006,   13:  1333–  1342. 

  44.  Kyd   JM,   Cripps   AW,   Novotny   LA,   Bakaletz   LO:   Effi cacy 
of the 26-kilodalton outer membrane protein and two 
P5 fi mbrin-derived immunogens to induce clearance of 
nontypeable Haemophilus infl uenzae from the rat middle 
ear and lungs as well as from the chinchilla middle ear and 
nasopharynx.   Infect Immun   2003,   71:  4691–  4699. 

  45.  Kyd   JM,   Cripps   AW:   Potential of a novel protein, OMP26, 
from nontypeable Haemophilus infl uenzae to enhance 
pulmonary clearance in a rat model.   Infect Immun   1998, 
  66:  2272–  2278. 

  46.  Abe   Y,   Murphy   TF,   Sethi   S,   et al. :  Lymphocyte proliferative 
response to P6 of Haemophilus infl uenzae is associated with 
relative protection from exacerbations of chronic obstruc-
tive pulmonary disease.   Am J Respir Crit Care Med   2002, 
  165:  967–  971. 

  47.  Sabirov   A,   Kodama   S,   Sabirova   N,   et al. :  Intranasal immu-
nization with outer membrane protein P6 and cholera toxin 
induces specifi c sinus mucosal immunity and enhances sinus 
clearance of nontypeable Haemophilus infl uenzae.   Vaccine 
  2004,   22:  3112–  3121. 

  48.  Ronander   E,   Brant   M,   Janson   H,   et al. :  Identifi cation of 
a novel Haemophilus infl uenzae protein important for adhe-
sion to epithelial cells.   Microbes Infect   2008,   10:  87–  96. 

  49.  Jurcisek   JA,   Bookwalter   JE,   Baker   BD,   et al. :  The PilA 
protein of non-typeable Haemophilus infl uenzae plays a 
role in biofi lm formation, adherence to epithelial cells and 
colonization of the mammalian upper respiratory tract.   Mol 
Microbiol   2007,   65:  1288–  1299. 

  50.  Bakaletz   LO,   Baker   BD,   Jurcisek   JA,   et al. :  Demonstration 
of type IV pilus expression and a twitching phenotype by 
Haemophilus infl uenzae.   Infect Immun   2005,   73:  1635–  1643.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


