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Why we need a vaccine for non-typeable Haemophilus influenzae

Marina Cerquetti and Maria Giufr�e

Department of Infectious, Parasitic and Immune-Mediated Diseases, Istituto Superiore di Sanit�a, Rome, Italy

ARTICLE HISTORY
Received 16 March 2016
Accepted 29 March 2016

ABSTRACT
Nontypeable Haemophilus influenzae (NTHi) is increasingly recognized as emerging pathogen. The routine
immunization of infants with conjugated vaccines against H. influenzae type b (Hib) has greatly reduced the
incidence of invasive Hib disease; however a marked change in the predominant invasive serotype from Hib
to NTHi has occurred. Localized infections where the role of H. influenzae is important, such as otitis media in
children and acute exacerbations in chronic obstructive pulmonary disease (COPD) in adults, are almost
exclusively associated with NTHi isolates. The implementation of pneumococcal conjugate vaccines has
resulted in changes in frequency of nasopharynx colonizing pathogens with an increase of NTHi, although
this data is yet under debate.

An effective vaccine against NTHi is not currently available. The major challenge in developing a
successful vaccine is the intrinsic heterogeneity of NTHi. H. influenzae protein D is used as carrier protein in
the licensed 10-valent pneumococcal conjugate vaccine (Synflorix, GlaxoSmithKline), but no robust
evidences for protective efficacy against NTHi otitis have been until now obtained. Several other vaccine
candidates are under investigations and we hope that significant advancements in vaccine development
will be achieved in the next future. Genome-based vaccine strategy might provide an additional useful
tool for discovering further vaccine antigens.
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Haemophilus influenzae commonly colonizes the upper respi-
ratory tract of both children and adults.1,2 However, it can act
as a pathogen able to cause a wide spectrum of diseases ranging
from respiratory tract infections to severe invasive disease, such
as meningitis, sepsis, bacteraemic pneumonia and epiglottitis.3

The species H. influenzae comprises capsulated strains (6 cap-
sular types from type a through type f) and non-capsulated
strains commonly referred to as non-typeable (non reactive
with typing antisera).4

Prior to the introduction of vaccination against H. influen-
zae type b (Hib), this capsular type was the leading cause of
bacterial meningitis in infants and young children worldwide.5

Routine immunization of infants with Hib conjugated vaccines
has dramatically decreased the incidence of invasive Hib dis-
ease in industrialized countries.6 However, despite the efficacy
of Hib conjugate vaccines, invasive disease caused by non-vac-
cine preventable H. influenzae strains continues to occur,
although with reduced incidence, mainly sustained by non-
typeable H. influenzae (NTHi) followed at great distance by
other capsular types.7,8,9

Considering non-invasive disease due to H. influenzae, the
upper and lower respiratory tract infections have been associ-
ated almost exclusively with NTHi, which is now the most fre-
quently isolated bacterial pathogens in otitis media and
sinusitis in children.2,10 An increasing role for NTHi has been
recently documented in episodes of acute exacerbation in adults
with chronic obstructive pulmonary disease (COPD).11,12

NTHi colonization/infection is also quite common in young

children with cystic fibrosis, contributing to the disease
morbidity.13,14

On the basis of the above reasoning, NTHi has been increas-
ingly recognized as emerging pathogen.9,15,16 An effective vac-
cine against NTHi is not currently available. The pathogenesis
of NTHi, which lacks the polysaccharide capsule, is associated
with multiple virulence factors such as lipooligosaccharide
(LOS), adhesins, other several surface structures, IgA protease
and possibly biofilm formation in chronic and recurrent respi-
ratory tract infections.17,18,19 No single genotypic or phenotypic
trait is characteristic of all strains from disease. The hallmark of
NTHi is “heterogeneity” and so far this heterogeneity has been
the major obstacle for developing a successful vaccine.

Impact of the conjugate vaccines against both Hib and
Streptococcus pneumoniae on carriage of NTHi in
children

Colonization of the upper respiratory tract is a prerequisite for
developing NTHi disease. Widespread Hib vaccination has
decreased or eliminated Hib carriage in both vaccinated and
unvaccinated children due to the herd effect.20 In the present
post-Hib vaccination era, NTHi strongly predominates among
H. influenzae isolates in the oropharynx and nasopharynx of
healthy children with carriage rates varying from 10% to more
than 60%, depending on the children age.21,22,23,24 Along with
H. influenzae, S. pneumoniae colonizes the upper respiratory
tracts of children and is responsible for mild or severe diseases.
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During the past decade, the pneumococcal conjugate vaccines
(PCV) have been introduced and several reports have demon-
strated the shift toward non-vaccine pneumococcal serotypes
in both carriage and disease. Whether the implementation of
the pneumococcal vaccination has influenced the colonization
dynamic of H. influenzae and S. pneumoniae in the nasophar-
ynx resulting in an increase of NTHi is a controversial issue.
Some studies reported a significant rise in NTHi carriage asso-
ciated with pneumococcal vaccination, but other investigations
did not observe such rise.24,25,26,27 Contrasting results may be
related to several factors including differences in time intervals
between the introduction of pneumococcal vaccination and
performing the study in different settings, the size of the sam-
ples comprising unvaccinated children at the time of the study,
and so on.24,25,26,27 Best agreement is observed with respect to
the impact of pneumococcal vaccination on NTHi as a patho-
gen causing otitis media: the presence of NTHi has been found
significantly increased in middle ear fluid of children during
episodes of acute otitis media after PCV-7 implementation.28,29

Certainly, the impact of the new conjugate vaccines on the
dynamic of colonization by pathogens sharing the same eco-
logical niche is a moving complex picture that has yet to be
clearly defined, but as far NTHi seems to take advantage.

Invasive H. influenzae disease in the era of Hib
conjugate vaccines

The epidemiology of the invasive H. influenzae disease has
changed substantially as result of the widespread immunization
of infants with Hib conjugate vaccines. Prior to the introduc-
tion of Hib vaccines, NTHi strains were a minor cause of inva-
sive disease, especially affecting adults. Nowadays, the
predominant invasive serotype has been changed from Hib to
NTHi.7,8,10,30 Invasive NTHi disease occur across all age groups
and account for 77% of all notified invasive H. influenzae cases,
in Europe.31 Considering clinical presentations, NTHi account
for the majority of cases of septicemia (81.1%), meningitis
(61.7%) and septicemic pneumonia (82.2%).31 Notably, NTHi
disease has the highest serotype-specific case fatality rate (CFR,
12%) compared to other capsular types.31 No clear evidence of
serotype replacement has been reported in most studies,
although some investigations supported this phenome-
non.8,32,33,34 According to the European Center for Disease Pre-
vention and Control (ECDC) annual epidemiological report
2014, although there was an upward trend in invasive NTHi
isolates, data was too scarce to draw firm conclusions on sero-
type replacement.35 Recently, neonatal invasive NTHi infec-
tions have captured the attention of the researches in the field.
In particular, early-onset neonatal NTHi disease (within 48 h
of birth), often presenting with septicemia, has been found
strongly associated with premature birth.36

Actually, the disease should be considered as a mother-
infant infection, since it can affect the pregnant woman, the
fetus and the neonate. According to Collins et al.,36 the overall
incidence of early-onset neonatal invasive disease was 4.1/
100,000 in England and Wales, but the incidence increased
exponentially with prematurity reaching the value of 342/
100,000 in infants born at < 28 weeks gestation.36 Further epi-
demiological data are needed to investigate the burden of

neonatal NTHi disease in other countries. The need for an
effective preventive strategy before or during pregnancy has
been underlined by Collins et al.36 Identification of specific
microbial traits associated with neonatal disease is required for
creating a targeted vaccine. A “cryptic genospecies” of H. influ-
enzae (also referred to as “H. quentini”) has been supposed to
be involved in urogenital, neonatal and mother-infant infec-
tions.37 However, recent reports demonstrated that several dif-
ferent clones of NTHi were responsible for most neonatal
invasive infections.38 Therefore no common shared genotype
was associated with perinatal infections and the development
of a possible targeted vaccine will face the problem of strain
heterogeneity.

Non-invasive H. influenzae infections

Both upper and lower respiratory tract infections represents a
huge burden of disease and public health problem. We will
only mention the major respiratory diseases where the role of
H. influenzae is important: acute otitis media (AOM), COPD
and cystic fibrosis (CF).

AOM is the most common bacterial infection in childhood.
Several studies have shown that the S. pneumoniae, NTHi (vir-
tually all H. influenzae isolates from AOM are nontypeable)
and Moraxella catarrhalis are the most frequent pathogens
found in the middle ear fluid of children with AOM, with
NTHi causing 25–35% of the AOM episodes.2,10 The role of
NTHi seems to be relevant especially in recurrent otitis media
where NTHi is the most common pathogen.2 Furthermore, the
quite high prevalence of ampicillin resistant NTHi isolates
(both b-lactamase producers and non-b-lactamase producers)
might complicate treatments and management of AOM infec-
tion.16 As above-mentioned, the implementation of pneumo-
coccal conjugate vaccines has resulted in a predominance of
NTHi in middle ear fluids of children suffering for AOM (not
only in recurrent AOM) in comparison with that detected
before 7-valent-PCV introduction when S. pneumoniae pre-
dominantly grew.28,29

COPD is characterized by airway inflammation and irre-
versible airflow obstruction. Patients with COPD suffer for epi-
sodes of acute exacerbations that contribute to the progression
of the disease. Currently, the role that bacteria play in patho-
genesis of COPD has gained importance and acute exacerba-
tions have been associated with the acquisition of a new strain
of NTHi and/or other pathogens, such as S. pneumoniae and
Moraxella catarrhalis, the so called “exacerbation isolates.”12,39

Of note, the differential expression of specific IgA proteases by
NTHi has recently been suggested to influence the propensity
of strains to cause exacerbations and to persist in respiratory
epithelial cells in COPD.40

Several pathogens contribute to morbidity in patients with
CF but the prevalence of the different species changes with the
age of patients.13 NTHi colonizes/infects the respiratory tract of
more than 20% CF patients early in childhood (with or without
Staphylococcus aureus), initiating the inflammatory process dis-
tinctive of the disease.13,14 Colonization with multiple NTHi
strains is common, however persistence of the same strain for a
period ranging from 1 month to 24 months has been observed
in about one third of patients.14 It has been suggested that
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differential capability to form biofilms may contribute to strain
persistence.19

State of the art of vaccine development for NTHi

The development of an effective vaccine against NTHi to be
used for immunization of population groups at risk of NTHi
infection would be valuable. A vaccine capable of preventing
various NTHi infections such as neonatal invasive disease,
AOM in infants and children and episodes of acute exacerba-
tion in adults with COPD should be the ultimate goal. However,
this purpose seems difficult to achieve at present. Since the “het-
erogeneity” of NTHi isolates, even recovered from the same
infection site, the identification of immunogenic antigens
according to the classical procedures (antigens conserved
among all isolates and capable to induce production of protec-
tive antibodies against both invasive and non-invasive NTHi
disease) is far from becoming reality. A number of promising
vaccine candidates including major and minor outer-mem-
brane proteins and lipooligosaccharide have been reported in
the literature, but none has found application in a vaccine cur-
rently available, with the only exception ofH. influenzae protein
D.41 H. influenzae protein D is a highly conserved lipoprotein
that is exposed on the H. influenzae cell surface and plays a role
in pathogenesis of NTHI infection.42 It is included in the cur-
rently available 10-valent pneumococcal conjugate vaccine
(Synflorix, GlaxoSmithKline) as the carrier protein for pneumo-
coccal capsular polysaccharides. The vaccine is indicated for
active immunization against invasive disease, pneumonia and
otitis media caused by S. pneumoniae in infants and children.
Partial protection (35.3%) against otitis due to NTHi was
observed in an early efficacy trail (the Pneumococcal Otitis Effi-
cacy Trial, POET) with a 11-valent pneumococcal protein D-
conjugate vaccine.43 However, no robust evidence supporting
the indication for protective efficacy against NTHi otitis was
obtained for the licensed 10-valent pneumococcal protein D-
conjugate vaccine and further studies are in progress.44

Another approach is to develop a vaccine formulation
including multiple NTHi adhesins capable to prevent naso-
pharyngeal colonization. This might be a winning strategy
for the prevention of NTHi diseases, also considering that
NTHi carriage has increased following implementation of
pneumococcal conjugate vaccines. Several adherence factors
that are immunogenic have been considered as potential
vaccine candidates including Hap, HMW1 and HMW2 and
Hia proteins and P5 fimbrin.17 An updated list of NTHi
candidate vaccine antigens including adhesins has been
recently reported by Murphy.41 Some adhesins, such as
HMW1/HMW2 proteins (the major adhesins of NTHi),
after being considered as vaccine components have been
partially discarded because they have a phase-variable
expression. However, a recent study demonstrated that Hia
adhesin (nearly expressed by all NTHi strains lacking
HMW adhesins) is also subject to reversible switching of
gene expression and that selection of Hia expression is a
crucial factor in NTHi initial colonization of the nasophar-
ynx, suggesting that the position of phase-variable adhesins
among vaccine components might be re-evaluated.45 Inter-
estingly, a new model of human nasopharyngeal

colonization with NTHi has been recently described, pro-
viding researchers with a system for evaluating both new
vaccine candidates and vaccine formulations.46

Whole-genome sequencing has been successfully applied in
the field of vaccinology for designing protein-based vaccines
such as the multicomponent vaccine against meningococcal
capsular group B.47 Recently, several authors investigated the
genome-based population structure of NTHi providing an in-
deep characterization of NTHi diversity.48,49 Whether the avail-
ability of genomic data in combination with bioinformatics
tools could help in the identification of new conserved protec-
tive proteins is a question that requires further studies to be
addressed. In a recent study, synthetic peptides corresponding
to predicted high conserved surface exposed regions of NTHi
previously identified by genomic analysis were used to rise anti-
sera that conferred passive protection in a rat model of NTHi
bacteremia, providing proof of principle that peptides might be
components of a vaccine against NTHi.50

Finally, we would like to spend a few words about the devel-
opment of a vaccine for preventing mother-infant invasive
NTHi infection to be used during pregnancy. As above men-
tioned, no strain features associated with disease have been rec-
ognized until now and significant scientific efforts should be
directed toward identifying potential candidate vaccine anti-
gens. Moreover, since the recipients of the vaccine are pregnant
women, additional safety studies are required.

Conclusions

In industrialized countries, the impact of the routine use of Hib
conjugate vaccines together with the implementation of the
pneumococcal conjugate vaccines have resulted in epidemio-
logical changes in both colonization and disease by H. influen-
zae. NTHi has become an emerging pathogen. The rationale
for a vaccine against NTHi is based on firm foundations. Since
NTHi infections require a significant burden of antimicrobial
use, an additional value of effective NTHi vaccines is to reduce
antimicrobial use that can result in reducing global antimicro-
bial resistance. In the process of research and development of
effective NTHi vaccines, the challenge is the intrinsic “hetero-
geneity” of the microorganisms. In recent years, several efforts
have been made to find potential conserved NTHi antigens and
several candidates are currently under investigations. We hope
that significant progress in the development, production and
clinical testing of effective vaccines against NTHi will be
achieved in the next future.

Abbreviations

AOM acute otitis media
CF cystic fibrosis
COPD chronic obstructive pulmonary disease
Hib H. influenzae type b
NTHi Nontypeable Haemophilus influenzae
PCV pneumococcal conjugate vaccines.
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