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Abstract 

Introduction: Haemophilus influenzae is a Gram-negative coccabacillus that is a frequent colonizer of 

the respiratory tract of healthy individuals, especially children, and a major cause of infections in 

humans. H. influenzae can be divided into capsulated and non-capsulated isolates depending on 

expression of polysaccharide capsule. Encapsulated H. influenzae is classified into six serotypes (a-f), 

based on antigen expression. Before the introduction of H. influenzae type b vaccination, serotype b 

(Hib) was the most common cause of life-threatening diseases in children such as, meningitis and 

epiglottitis. H. influenzae isolates without capsule are defined as non-typeable H. influenzae (NTHi) 

and are a major cause of respiratory infections including middle ear infections, sinusitis, pneumonia 

and the most common cause of exacerbation of patients with respiratory diseases. NTHi is rarely 

causing invasive infection but since the introduction of Hib vaccine, NTHi has become more clinically 

important.  

In April 2011, Synflorix was introduced to the childhood vaccination program in Iceland. 

Synflorix is a 10-valent conjugated pneumococcal vaccine (PhiD-CV, GlaxoSmithKline) where 8 

pneumococcal serotypes are conjugated to Protein D (PD) derived from NTHi. PD is encoded by the 

gene hpd, which is highly conserved among most capsulated and non-capsulated strains of H. 

influenzae. By using PD as a carrier protein for pneumococcal vaccine serotypes, there is a possibility 

of providing protection against H. influenzae infections. The epidemiology of H. influenzae and the 

effect of PD conjugated vaccine are unknown in Iceland. 

Aims: The aims of this study were to assess effect of the vaccination on the carriage rate of H. 

influenzae among healthy children in Iceland, the prevalence of the hpd gene and the prevalence of 

each serotype of H. influenzae both in carriage isolates and in clinical samples. 

Material and methods: H. influenzae isolates were obtained from nasopharyngeal samples that 

were collected from healthy children attending 15 day-care centers in Reykjavik capital region of 

Iceland in the years 2009, and 2012-2017. H. influenzae was also obtained from clinical samples that 

were sent to the Department of Clinical Microbiology. The samples included were isolates from the 

middle ear (ME) (2012-2016), the lower respiratory tract (LRT) (2012-2016) and invasive infections 

(1996-2016). Multiplex PCR method was used for H. influenzae identification and capsular detection 

by specific primers for the hpd and the capsular polysaccharide transport (bexA) gene. Identification of 

isolates that were lacking the hpd gene was confirmed with primers detecting the fuculokinase (fucK) 

gene, which also can differentiate H. influenzae from other Haemophilus species. All capsulated H. 

influenzae were serotyped using serotype specific primers.  

Results: A total of 3,603 nasopharyngeal samples were collected from healthy children and 2,552 

isolates (Total carriage rate of 70.8%) were identified as H. influenzae. The carriage rate fluctuated 

from 55-86.9% between the years. The proportion of hpd negative isolates was 6.5% (4.6-7.9%) and 

capsulated isolates were 1.1% where serotype f was the most common serotype (70% of capsulated 

isolates). 
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A significant reduction was seen in the number of ME samples, which decreased from 966 in 2009 

to 505 in 2016, but not in the proportion of H. influenzae positive samples. A total of 239 H. influenzae 

isolates were identified from ME samples in 2009 and 83 isolates in 2016. The proportion of hpd 

negative isolates was 7.5% (5.9-9.9%) and capsulated isolates were 0-3% where serotype e was the 

most common serotype (50% of capsulated isolates). A significant reduction was seen in the 

proportion of H. influenzae positive samples from LRT from pre- to post-vaccination, but not in the 

number of LRT samples. H. influenzae isolates from the lower respiratory tract decreased from 245 in 

2009 to 159 isolates in 2016. The proportion of hpd negative isolates was 4.9% (1.6-9.7%) and no 

isolates were confirmed with capsule. H. influenzae isolated from invasive infection were in total 67 

from the years 1996-2016. The proportion of hpd negative isolates was 1.5% and capsulated isolates 

were 10.4% where serotype f was the most common serotype (70% of capsulated isolates). 

Conclusion: Vaccination with Synflorix has limited effect on H. influenzae carriers in Iceland and 

the proportion of hpd negative isolates did not increase after vaccination. The proportion of H. 

influenzae isolated from LRT decreased, but not from ME and invasive infections. The proportion of 

capsulated isolates was similar between years and serotype f was the most common serotype. 
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Ágrip 

Inngangur: Haemophilus influenzae er Gram neikvæð, stutt staflaga baktería (e. coccabacilli). 

Bakteríuna er algengt að finna í efri öndunarvegi heilbrigðra einstaklinga, þá sérstaklega börnum, og 

getur valdið ýmsum alvarlegum sjúkdómum í mönnum. H. influenzae er hægt að flokka í sex 

hjúpgerðir (a-f) eftir því hvaða mótefnavaki er tjáður á yfirborði hjúps. Bólusetning gegn hjúpgerð b 

hófst árið 1989 á Íslandi en hjúpgerð b var algengasta orsök fyrir ífarandi H. influenzae sýkingum í 

ungum börnum s.s. heilahimnubólgu og bráðri barkalokubólgu. Hjúplausir stofnar nefnast non-

typeable H. influenzae (NTHi) og valda þeir ýmsum öndunarfærasýkingum s.s miðeyrnabólgu, 

skútabólgu og lungnabólgu. Hjúplausir stofnar geta einnig valdið ífarandi sýkingum hjá viðkvæmum 

sjúklingum ásamt því að vera algengasta orsök fyrir bráðaversnun sjúklinga með 

öndunarfærasjúkdóma. 

Í apríl árið 2011 var 10-gilda próteintengda pneumókokka bóluefnið Synflorix tekið inn í almenna 

bólusetningu barna á Íslandi. Bóluefnið inniheldur tíu hjúpgerðir pneumókokka og þar af eru átta 

tengdar burðarpróteini D sem fengið er úr NTHi. Prótein D (PD) er tjáð af geninu hpd sem er vel 

varðveitt á milli hjúpaðra og hjúplausra stofna en er ekki að finna í öllum. Með því að nýta PD sem 

hluta af bóluefninu er möguleiki á að það veiti einnig einhverja vörn gegn sýkingum af völdum H. 

influenzae. Faraldsfræði H. influenzae er óþekkt hér á Íslandi en mikilvægt er að vita hvaða áhrif 

bólusetning með PD hefur. 

Markmið: Að skoða hversu hátt hlutfall heilbrigðra barna á Íslandi ber H. influenzae, tíðni PD 

neikvæðra stofna ásamt því að skoða hvaða hjúpgerðir eru algengastar á Íslandi bæði í stofnum frá 

berum og sýnum frá sjúklingum. 

Efni og aðferðir: Í rannsóknina voru notuð nefkokssýni sem safnað var frá heilbrigðum 

leikskólabörnum af 15 leikskólum á höfuðborgarsvæðinu (2009, 2012-2017). Einnig voru notaðir allir 

tiltækir stofnar sem ræktaðir voru úr miðeyra, neðri öndunarvegum (2012-2016) og ífarandi sýkingum 

á Sýklafræðideild Landspítalans (1996-2016).  

Við greiningu á H. influenzae var notast við multiplex PCR aðferð með sértækum prímerum sem 

magna upp hluta af hpd geninu, hpd neikvæðir stofnar voru greindir með fuculokinase (fucK) 

prímerum. Hjúpaðir stofnar voru greindir með Hi prímerum sem magna upp hluta af bexA geninu og 

stofnar með hjúp voru nánar hjúpgerðagreindir með hjúpgerðasértækum prímerum. 

Niðurstöður: Alls voru tekin sýni frá 3.603 leikskólabörnum og fengust 2.552 stofnar 

(heildarberatíðni 70,8%) þar sem beratíðni sveiflaðist frá 55-86,9% á milli ára. Hlutfall hpd neikvæðra 

stofna var 6,5% (4,6-7,9%) og hlutfall hjúpaðra stofna var 1,1% þar sem algengasta hjúpgerðin var f 

(70% af hjúpuðum stofnum). Marktækur munur var á sýnum frá miðeyra, þar sem sýnum fækkaði úr 

966 árið 2009 í 505 árið 2016, en hlutfall H. influenzae jákvæðra sýna lækkaði ekki marktækt. Alls 

voru greindir 239 jákvæðir H. influenzae stofnar úr sýnum frá miðeyra árið 2009 og 83 árið 2016. 

Hlutfall hpd neikvæðra stofna var 7,5% (5,9-9,9%) og hlutfall hjúpaðra stofna var 0,3% þar sem 

algengasta hjúpgerðin var e (50% af hjúpuðum stofnum). Marktækur munur var á hlutfalli H. 

influenzae jákvæðra sýna úr neðri öndunarvegi, stofnum fækkaði úr 245 árið 2009 í 159 árið 2016, en 

sýnum úr neðri öndunarveg fækkaði ekki marktækt. 
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Hlutfall hpd neikvæðra stofna var 4,9% (1,6-9,7%) og var enginn stofn greindur með hjúp. Sýni sem 

greind voru úr ífarandi sýkingum frá 1996-2016 voru alls 67 þar sem hlutfall hpd neikvæðra stofna var 

1,5% og hlutfall hjúpaðra stofna var 10,4%. Algengasta hjúpgerðin úr ífarandi sýkingum var hjúpgerð f 

(70% af hjúpuðum stofnum). 

Ályktanir: Bólusetning með Synflorix hefur lítil áhrif á beratíðni H. influenzae í heilbrigðum 

leikskólabörnum á Íslandi og var hlutfall hpd neikvæðra stofna svipað fyrir og eftir bólusetningu. 

Hlutfall H. influezae jákvæðra sýna úr neðri öndunarvegi lækkaði en ekki úr miðeyra og ífarandi 

sýkingum. Hlutfall hjúpaðra stofna var svipað á milli ára og hjúpgerð f var algengasta hjúpgerðin. 
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1 Introduction  

1.1 Haemophilus influenzae 

Haemophilus are Gram-negative coccabacilli that are non-spore forming, without mobility, and 

facultative anaerobe bacteria that require blood-derived factors for growth. A number of species are 

included in the genus Haemophilus and share a common morphology but variety of different infections 

in humans (1, 2). 

Haemophilus influenzae is one of the most important human pathogen that belongs to the genus 

Haemophilus and is a common colonizer of the upper respiratory tract of healthy individuals. H. 

influenzae can cause various infections in the respiratory tract, specifically in young children, but 

additionally can cause severe invasive infections (3).  

H. influenzae was first described in 1892 after Pfieffer and Kitasato discovered new bacteria that 

was isolated from sputum samples of patients that were infected by the influenza. At first it was 

believed that the influenza was caused by bacterial infections of H. influenzae but in 1918 they were 

able to exclude H. influenzae as the cause. In 1930, Margaret Pittman demonstrated that H. 

influenzae could be divided into two groups depending on if expression of polysaccharide capsule was 

present or not (4, 5). There are six serotypes of encapsulated H. influenzae that are classified as type 

a-f, depending on which surface antigen is encoded on the capsule. H. influenzae type b is more 

virulent than the other serotypes and most related to severe diseases in children such as meningitis, 

epiglottis and bacteremia. Strains without a capsule are characterized as Non-Typeable H. influenzae 

(NTHi) and usually cause respiratory tract infections such as pneumonia, sinusitis and otitis media 

(OM). Furthermore, NTHi are also associated with chronic lung diseases and are the most commonly 

cause of infections in patients with acute exacerbation of chronic obstructive pulmonary disease 

(COPD) (3, 6).  

Haemophilus species can be distinguished by their need for different growth factors. H. influenzae 

requires two important growth factors, nicotinamide adenine dinucleotide (NAD, v-factor) and hemin 

(x-factor). Hemin is decomposition material from red blood cells and can provide both iron and 

porphyrin, which is critical for H. influenzae growth, but if only exogenous iron is available can 

protophorphyrin IX (PPIX) be a substitute for hemin (7). 

 

1.2 H. influenzae structure  

1.2.1 Cell envelope  
The H. influenzae cell envelope is composed of inner- and outer membrane along with the cell wall. 

The main role of the cell envelope is to protect the bacterium from various threats in the environment 

such as chemical and biological components that may affect the ability to survive (2).  

The cell wall of H. influenzae is very similar to other Gram-negative bacteria with three layers, the 

outer membrane, peptidoglycan layer and inner membrane that consist of mostly lipids. 

Polysaccharide capsule that lies outside the cell wall can either be present or not (8). The role of the 
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cell wall is to protect the cell from interior hypertonicity and disruption of pressure that can cause 

rupture of the bacterial cell. Furthermore, the cell wall controls the absorption of nutrients that is 

essentials for growth, provides protection from phagocytosis and helps to promote adhesion to host 

cells (2). 

1.2.1.1 The outer membrane 

The outer membrane is an asymmetric, lipid-protein bilayer membrane of Gram-negative bacteria that 

consist of phospholipids, proteins and lipopolysaccharides (LPS). The membrane is located external to 

the cell wall, which separates the outer surface from the periplasm. The outer membrane is porous 

and provides a functional role to control transporting of molecules over membrane, diffusion of 

nutrition and dissemination of waste from the cell (9).  

The outer membrane of H. influenzae contains a number of major and minor proteins with several 

different functions. There are known 36 outer membrane proteins (OMPs) but only small portion is 

defined as major proteins that provide the main function of the cell membrane along with the minor 

proteins. The major proteins consist of transport proteins (porins, P2) that are important for transport of 

large molecules across the cell membrane, lipoproteins (P4, P5, P6) and high- molecular mass 

proteins (HMW1/HMW2). Proteins that are defined as minor proteins are cross-reacting proteins 

(PCP), Protein D and various binding proteins. Some of these proteins are highly conserved in all 

strains of H. influenzae when others can differ between capsulated strains and the ones without 

capsule (10). 

Lipopolysaccharides are important surface component expressed on the outer membrane. LPS are 

critical for cell activity and provide barrier for molecules that are large with negative charge and 

hydrophobic. H. influenzae is known to express shorter LPS chains than most other Gram-negative 

bacteria because of the lacking of O-repeating antigen and is therefore often referred as 

lipooligosaccharide (LOS) (Figure 1). The LOS consists of a region that can be divided to inner- and 

outer core and connects Lipid A to O-antigen. The core region is compromised of various 

oligosaccharides, which are highly conserved. The short sugar chain of inner core, l-glycero-d-manno-

heptose, is linked to 3-deoxy-D-manno-oct-2ulosonic acid (Kdo) usually with ethanolamin and 

phosphat or sulfat group (11, 12). H. influenzae is known to have high diversity in LOS structure, 

which is due to ability to turn off genes that are related to biosynthesis, resulting a various of different 

length and combination of monosaccharide chains along with other binding molecules (13, 14).  

1.2.1.2 Peptidoglycan layer 

The peptidoglycan layer of Gram-negative bacteria is located in the periplasm, external to the 

cytoplasmic membrane, and is similar in structure as in Gram-positive cells, but with decreased extent. 

The role of peptidoglycan layer is to maintain the shape and provide structural support to the cell, 

control the internal osmotic pressure and prevent osmotic lysis. Furthermore, the peptidoglycan layer 

is important to regulate the diffusion of molecules into the cell (15).  

The peptidoglycan layer is composed of linear glycan chains, consisting repeated units of N-acetyl 

Glucosamine (NAG) and N-acetyl muramic acid (NAM). Each muramic acid unit carries a tetrapeptide 



  

16 

that consist of alternating L- and D- amino acids that are cross-linked by peptide bond into sheets (2, 

15). Important enzymes that are involved in construction of peptidoglycan layer, such as Penicillin-

binding proteins (PBPs), catalyze the polymerization and cross-linking between glycan chains (16).   

1.2.1.3 The inner membrane  

The inner membrane of Gram-negative bacteria is a phospholipid bilayer mostly containing proteins 

with functions that induce energy productions, secretion, transports and lipid biosynthesis. The 

synthesis of bacterial DNA occurs at the inner membrane site where the chromosome is attached and 

during cell division the inner membrane participates in segregation of daughter chromosomes. 

Furthermore, the inner membrane contains the electron transport system, controls permeability and 

transporting solutes. 

 

Figure 1 Schematic representation of the Gram-negative bacterial envelope. H. influenzae are lacking 

an O-antigen repeat and therefore expressing shorter LPS chains (12). 

 

1.2.2 H. influenzae capsule 

H. influenzae strains may present a polysaccharide capsule external to the outer membrane. The 

capsule is considered to be an important component of the bacterial pathogenicity, especially in 

serotype b that can cause severe disease in children. Encapsulated H. influenzae include six 

serotypes (a-f) that are classified by different structure and expression of antigens on capsule (17).  

The capsular (cap) gene locus is found in all serotypes H. influenzae and contains three distinct 

regions that are involved in capsular biosynthesis, region I, II and III.  The cap locus can be classified 
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based on location within the genome, either between direct repeats of IS1016 insertion elements or 

next to gene encoding for copper-zink Superoxide dismutase (sodC) (Figure 2) (18). 

The composition and expression of genes located on cap locus can be complex where as partial 

loss, duplications, deletions or loss of the entire cap locus can occur. Region I genes on cap locus 

encode for ATP-driven capsular export system, the bex locus (bexA-D), and is important for 

transporting the capsule to the bacterial surface. Region II contains 3-8 serotype-specific biosynthesis 

genes that are unique to each of the six serotypes, and region III genes (HscAB) are important for 

polysaccharide transportation across the outer membrane (18, 19). 

 

 

 

Figure 2 Schematic representation of H. influenzae cap locus (20).  

(A) The bex locus (bexA-D) is a chromosomal region involved in capsule polysaccharide export. 

The cap locus can either be flanked by repeat of insertion element (IS1016) or next to gene 

encoding copper-zink Superoxide dismutase (sodC). 

(B) The cap locus has three distinct regions (I-III) where four ORFs are included in region I 

(bexA-D). 

 

The H. influenzae capsule is made of long chains of polysaccharide that consists of various smaller 

units that can be different in structure between serotypes. The most virulent serotype is type b 

expressing a pentose capsule consisting of a polymer made of ribose and ribitol-5-phosphate 

(polyribosylribitolphosphat, PRP). Other encapsulated non-type b serotypes are rather composed of 

hexose. The capsular polysaccharides are made in the cytoplasm and when biosynthesis is complete 

the polysaccharides are transported across the cell membrane and the outer membrane to the 

bacterial surface. Lipidation is important for transporting capsular polysaccharides across cell 

membrane and to attach polysaccharides to the outer membrane (21).  

The polysaccharide capsule is important to protect the bacteria from threats in the environment by 

forming hydrophilic gel layer surrounding the cell. H. influenzae capsule is an important virulence 
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factor that provides enhanced adhesion to host cells that leads to colonization, proliferation and 

possibly forming a biofilm. Furthermore, the role of the capsule is to provide protection against host 

immune system by avoiding phagocytosis and opsonization (2, 22).  

 

1.3 H. influenzae serotypes 

1.3.1 Encapsulated H. influenzae type b  
H. influenzae type b (Hib) is considered to be more virulent than other H. influenzae serotypes by 

causing life-threatening infections of the central nervous system. The PRP of Hib allows penetrations 

of the epithelium and invasions of the capillaries, which can lead to invasive infections through 

lymphatic drainage or by causing bacteremia (1).  

Before the introduction of Hib vaccine into childhood vaccine program Hib was a major causative 

agent of invasive diseases in young children, such as meningitis and epiglottitis, and responsible for 

around 95% of all the invasive H. influenzae diseases among children under the age of 5. The 

mortality rate was very high among children that were diagnosed with Hib invasive infections despite 

of a treatment. High proportion of those who survived Hib infections was at risk for developing other 

complications such as deafness, learning disabilities, blindness or severe neurological sequelae and 

paralysis (23, 24).  

Since the introduction of Hib vaccine the epidemiology has changed and incidence of invasive 

disease significantly decreased. Hib vaccine does not provide protection against NTHi or other 

capsulated strains. Therefore, it is important to monitor the prevalence of the H. influenzae serotypes 

and NTHi.  

1.3.2 Encapsulated H. influenzae non-type b 

Encapsulated non-type b strains can be found in the respiratory tract as a part of the normal flora and 

as Hib cases have decreased some other non-type b capsulated strains that been reported to cause 

similar clinical symptoms (25).  

Encapsulated non-type b strains have different polysaccharide composition that distinguishes 

between the serotypes. Serotype a is similar in structure as type b, composed of D-glucose, ribitol and 

phosphodiester and most cases of infection caused by type a occurs in young children. Serotype c 

and f are much less virulent than type a and b with much less complement resistance. The structure of 

the polysaccharide capsule of types c and f is composed of N-acetylated amino sugar and 

phosphodiester (2-acetamido-2-deoxyhexosa), and the capsule of types d and e is composed of N-

acetylglucosamine and N-acetylmannosamine uronic acid (26).  
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1.4 Non-typeable H. influenzae (NTHi) 

NTHi is a frequent colonizer of the nasopharynx in healthy individuals and a common cause of 

respiratory tract infections in children including pneumonia, sinusitis, bronchitis and otitis media (OM), 

and up to 80% of young children may be nasopharyngeal carriers. Additionally, NTHi is a common 

cause of infections in the elderly and patients with Cystic fibrosis or exacerbation of COPD. NTHi 

strains are rarely associated with invasive disease in healthy older children and adults, mortality rate is 

low, but morbidity can be severe. However, since the introduction of Hib vaccination NTHi has become 

more important cause of invasive disease, especially among the elderly (27).  

1.4.1 NTHi virulence factors 

Virulence factors may vary between serotypes of H. influenzae and therefore have different clinical 

symptoms. In clinical analyses it is critical to know the impacts of major virulence factors in order to 

know what is responsible for the formation of disease. The role of virulence factors is to mediate 

adherence to host cells, induce colonization and resist the host immunity (Table 1) (28). 

NTHi mediates pathogenesis differently from encapsulated strains because of their lack of 

polysaccharide capsule that contains several different antigens. NTHi retains number of other 

adhesin- and virulence factors that promote colonization, invasion of host cell and evasion of host 

immune system (Figure 3). Several adhesin factors are considered to effect the pathogenicity such as 

HMW1/HMW2, Hia, Hap and pili together with lipooligosccharides (LOS) and the outer membrane 

proteins, protein D, P2, P5 and protein E (29). NTHi expresses heterogeneous oligosaccharides, 

which are essential for regulation of the virulence and interaction with host cells. NTHi populations 

demonstrate genetic heterogeneity and high rate of genetic polymorphism as a result, due to DNA 

exchange by horizontal gene transfer or phase variation (30). 
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Table 1. H. influenzae virulence factors and adhesin molecules. 

Virulence factors Functions Serotype 
(a-f) NTHi Reference 

Capsule 
Increases adherence, resists 

phagocytosis and opsonization 
a-f - (2) 

OapA 
Facilitates adherence to epithelial cells 

and induces pharyngeal colonization 
a-f NTHi (31) 

Haemocin 
Increases toxicity by inhibiting DNA 

synthesis and growth of other strains 
b - (28) 

IgA protease 

Cleaves immunoglobulin 1A that is 

secreted from host as an immune 

response 

a-f NTHi (32-34) 

Lipooligosaccharide 
Disrupts epithelial cells via endotoxin 

and activates immune response 
a-f NTHi (35, 36) 

Outer membrane protein 

(OMP) 

Porins for membrane diffusion, transport 

proteins, binding proteins and surface 

antigen component 

a-f NTHi (10, 37) 

Protein D 

Part of pathogenicity of H.influenzae and 

damages ciliary function in the 

nasopharynx 

a-f NTHi (38) 

Hemagglutinating pili 

Mediate agglutination of human 

erythrocytes and adherence to epithelial 

cells. 

a-f NTHi (39, 40) 

HMW1/HMW2 protein 

Targets for antibody response to 

infection and mediate adherence to 

human epithelial cells 

a-f NTHi (41, 42) 

Haemophilus influnzae 

adhesin (Hia) 

Autotransporter and facilitate adherence 

to epithelial cells 
a-f NTHi (41, 43) 

Hap 
Enzyme activity and promotes 

autoproteolysis 
a-f NTHi (44) 
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1.4.1.1 Pili  

H. influenzae has developed specific mechanism that facilitate adherence to human cells of the 

respiratory tract and promote colonization (40). This mechanism is due to a variety of surface 

structures, for example mannose-resistant hemagglutinating pili, that mediates adhesion to human 

epithelial cells and agglutination of human erythrocytes by binding to the Anton antigen (An-Wj) (39, 

45). 

Pilus is a large, helical structured, polymeric surface protein that has been identified both in 

typeable H. influenzae and NTHi. There are five gene-operons that are required to express the pilus 

(hifA-E) that encode for proteins that are critical for structure, transport and assembly (Table 2) (40, 

46). 

 

Table 2. Genes required for the expression of pili and their function (47). 

Gene Protein functions 

hifA Major structural subunit of the pilus rod 

hifB Periplasmic chaperon that stabilizes 

hifC Outer membrane assembly platform 

hifD Minor pilus structural component 

hifE Pilus tip combined adhesin that bind to gangliosides of human cells 

 

 

1.4.1.2 HMW1 and HMW2 adhesins 

The HMW1 and HMW2 are high-molecular weight proteins that are encoded by separate loci 

consisting of three genes hmwA, hmwB and hmwC. HMW1 and HMW2 are major targets of antibody 

responses to natural infection and are critical in mediating adhesion to epithelial cells (42). HMW1 and 

HMW2 share a significant sequence similarity, where the first 1,259bp are identical and the first 441 

amino acid residues have 99% identity. However, HMW1 and HMW2 have a different cellular binding 

specifity (Figure 3) (37). 

1.4.1.3 Protein D 

Protein D (PD) is a 42-kDa surface lipoprotein and a member of a glycerophosphodiester 

phosphodiesterase (GlpQ) protein family, which catalyzes the hydrolysis of glyserophosphodiesters. 

The hpd gene encodes for PD, which consist of 364 amino acid residues that are mainly 

hydrophilic. PD is antigenically and genetically conserved in most strains of H. influenzae, capsulated 

and non-capsulated, and has a limited antigenic drift. PD is a target of the human myeloma 

immunoglobulin D (IgD) at membrane surfaces. However, some NTHi lack a co-factor and the ability 

to bind IgD is not universal within all strains (48).  

PD is a virulence factor and its main function is to promote adhesion, phagocytosis and invasion of 

human monocytes. The virulence mechanism is mostly a result of an enzymatic activity of 
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glycerophosphodiesterase (GlpQ activity), which leads to release of cholin from host epithelial cells. H. 

influenzae can use cholin for synthesis of lipooligosaccharides as phosphorylcholine (ChoP) that 

facilitates H. influenzae to evade the host immune system by imitate the host cell component (49).   

PD is well defined virulence factor and strains lacking the hpd gene are much less virulent than 

strains expressing the gene (50). PD is a protein carrier for a 10-valent pneumococcal-conjugated 

vaccine that was developed to prevent pneumococcal infections (38).  

 

 
Figure 3. A schematic representation of interaction between adhesin molecules and host cells (51).  

A) Most strains of NTHi that express hemagglutinating pili express Hia as well. Hemagglutinating 

pili mediates initial attachment in the mucus and preferentially binds to damage epithelium. 

However, Hia mediates high-affinity with non-ciliated cells.  

B) HMW1 and HMW2 are high molecular weight proteins that recognize different receptors on 

host cells and promote adherence.  

C) Hap adhesins promote adherence to respiratory epithelial cells and facilitate aggregation, 

which leads to microcolony formation. 
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1.5 Fuculokinase  

The fucose metabolism pathway is involved in utilizing fucose for energy and carbon source in 

H.influenzae (Figure 4). The pathway includes four enzymes forming regulatory units, L-fuculokinase 

(fucK), L- fucose permease (fucP), L-fuculose-phosphate-aldolase (fucA) and L-fucose isomerase 

(fucI), along with the fucose operon activator (fucR) and fucose operon protein (fucU) forming the 

fucose operon (52). The L-fuculokinase catalyzes chemical reaction and is a member of transferase 

family that is specific for H. influenzae and not present in other Haemophilus species. Therefore, the 

encoded gene fucK is useful for identification and to differentiate from other Haemophilus species 

(53). 

 

 

Figure 4. Schematic representation of fucose metabolism pathway (54).  
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1.6 The epidemiology of NTHi and clinical manifestations 

Colonization of nontypeable H. influenzae is a changing process where new strains are replaced 

periodically. The colonization begins soon in infancy and approximately 20% of newborns are 

colonized at the first year of their lives and 50% before the five years of age. High proportions of 

healthy children at day-care centers are colonized with H. influenzae, which are also colonized in 

upper respiratory of most of healthy adults (6). NTHi is a major cause of mucosal infections and 

because of antigenic variations it has a major ability to defense the host immune system. NTHi 

diseases have become a global burden and it is important to monitor changes in prevalence of 

infection caused by NTHi (33). 

1.6.1 NTHi transmission and colonization 

NTHi is transmitted from person to person via airborne droplets or direct contact with secretions and 

are able to cause localized or systemic diseases, which can often be recurring or chronic. As an 

opportunistic pathogen, NTHi relies on several interactions along with several hosts - pathogen factors 

to enhance adhesion and promote colonization and invasion. NTHi adheres to the mucus and causes 

damages of the respiratory epithelial cells and loss of cilia, which can lead to evasion of the hosts 

immune response and penetration of the host cell (33). 

1.6.2 Otitis Media  

Otitis media (OM) is the most frequently diagnosed bacterial infections that affect young children 

worldwide, and up to 80% of children under the age of three have had a middle ear infection at least 

once in a lifetime (55).  

The OM infections are defined as an inflammation of the middle ear, which can be characterized by 

duration of the disease or type of exudate. Acute otitis media (AOM) is the most common presentation 

of middle ear infections and the symptoms can be severe, including earache, dizziness, fever, fluid 

draining from the ear and loss of hearing. The main cause of serious OM infections in young children 

are considered to be either NTHi or Streptococcus pneumoniae or up to 60-70% of the cases (55, 56).  

Otitis media is a major health problem worldwide and has antibiotic treatments against OM, caused 

by NTHi, usually been effective. However, antibiotic resistant cases and treatment failure have 

increased in the last few years due to increasing production of β-lactamase negative ampicillin 

resistant strains (BLNAR) and production of biofilm. NTHi biofilm production makes the bacteria more 

resistant to immune mediated clearance and antibiotic treatment and therefore resulting in more 

persistent OM infections (57, 58).  

1.6.3 Lower respiratory tract infections  

NTHi is a predominant cause of lower respiratory infections (LRT) including pneumonia and 

exacerbations of COPD, bronchiectasis and cystic fibrosis. NTHi colonization in LRT of healthy 

individuals is rather uncommon (59).  
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Pneumonia is a major burden of disease and counted for approximately 1.5 million deaths of young 

children every year. NTHi pneumonia is characterized by fever, dyspnea, cough, systemic upset and 

chest pain and is very common among elderly and patients with recurrent pneumonia. NTHi 

pneumonia infections can be difficult to diagnose in children, especially because the most reliable 

sampling procedure is trans-thoracic fine needle aspiration but that it is not carried out in routine 

sampling. Sputum samples are the most commonly used procedure for NTHi diagnoses of LRT 

infection, which are often contaminated with microflora such as Streptococcus pneumoniae, 

Staphylococcus aureus, Moraxella catarrhalis and Klebsiella pneumoniae (60). In some cases blood 

and bronchoalveolar lavage (BAL) cultures are used to determine lung infection caused by NTHi, 

especially in patients with underlying lung medical conditions (61).  

COPD is a dominant health problem and a fourth leading cause of death worldwide where most of 

the COPD exacerbations are associated with NTHi. COPD is defined as a persisting inflammation in 

the airway, and NTHi that is causing exacerbation releases inflammatory antigens into the airway. 

These antigens, such as lipooligosaccharides or outer membrane proteins, can lead to tissue damage 

in the bronchial wall and reduced lung function (62).  

1.6.4 Invasive disease  

After the introduction of Hib vaccine in Iceland the incidence of invasive Hib infection decreased 

among all age groups and the frequency of Hib carriers are low. Despite the reduction of Hib 

infections, following Hib vaccination, there are other H. influenzae serotypes that potentially could 

replace Hib and cause invasive disease. H. influenzae surveillance system is found in most European 

countries where all H. influenzae isolates from invasive infections are serotyped with different methods 

(62).  

Invasive infection occurs when H. influenzae gets into the blood system or into the central nervous 

system, causing a systemic disease, which can lead to permanent disability or in some cases death 

(63). Most of the invasive cases are meningitis, which covers up to 50% of the cases, and may show 

up as a sudden onset of fever, malaise, lethargy, and neck pain (64). The Hib vaccine does not 

provide protection against infections caused by NTHi, which has led to increase of NTHi invasive 

infections among children and elderly. Since the introduction of Hib vaccine in Iceland NTHi has taken 

over as more important cause of invasive infections as seen in the study of Berndsen et al. (table 3), 

as well as in other countries (table 4).   
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Table 3. Clinical diagnosis of disease caused by H. influenzae, by time scale in Iceland (65). 

 1983-1989 1990-2008 
Clinical diagnosis Hib (%) Non-Hib (%) Hib (%) Non-Hib (%) 
Pneumonia 69 31 11 89 
Meningitis 96 4 60 40 
Bacteremia 74 26 10 90 
Epiglottitis 100 0  100 
Cellulitis 91 9  100 
Osteomyelitis/SA* 100  33 67 
Other  33 67 29 71 
NA 100  25 75 
*Septic arthritis 
 
 

Table 4. Serotyped H. influenzae from invasive infections worldwide (66).  

Location Vaccine 
introduced  

Study 
period 

Serotyped H. 
influenzae (n) 

Hib 
(%) 

Non-Hib 
(%) 

NTHi 
(%) 

Citation 

Canada 1992 1989-2007 1.455 20 17 62 (66, 67) 
Europe 1989-1990 1996-2006 7.992 35 9 56 (66, 68) 
Taiwan 1996 1999-2002 10 20 0 80 (66) 

USA 1989-1990 1999-2008 4.190 4 26 70 (66, 69) 
 

 

The increasing ability to cause systemic disease, such as bacteremia and meningitis, could be a 

result of increased diversity of NTHi virulence factors and the need for monitoring the NTHi prevalence 

of invasive infections has increased. 

 

1.7 Genetic diversity of H. influenzae  

Over many generations has H. influenzae developed ability to adjust to the environment, as a 

response to threats that prevent bacterial colonization, by changing nucleotide sequence during 

replication that leads to increasing diversity among virulence factors. The diversity increases the ability 

to survive in different situation and reduce the impact of threats in the environment. The diversity 

develops through two main actions, variation in gene expression, where genes are not transcribed or 

translated because the gene product is no longer needed for pathogenicity or to survive in the 

environment, and variation in gene content which occur during vertical or horizontal evolution (70).  

1.7.1 Phase variation 

H. influenzae uses phase variation mechanism to adapt rapidly to changes in the environment and to 

resist the host immune defenses by changing the gene expression of virulence factors. Phase 

variation is reversible, switching on and off genes that express various phenotypes within population, 

promoting either loss or gaining of cell structures and is known to occur among surface molecules 

such as pili, adhesins and LOS. Phase variation can occur through slipped-strand mispairing mediated 



  

27 

by short DNA repeats (simple sequence repeats, SSRs) either within the open reading frame or next 

to promoter, resulting variation in gene products (70). 

When NTHi incorporates choline from the host cells for ChoP synthesis it goes through phase 

variation when expressing the ChoP epitope. Phase variation occurring in LOS structures are 

important for NTHi to resist the compliment activation, such as the classical and alternative pathway 

(71). 

1.7.2 Antigenic drift  

Antigenic drift is an irreversible process that consists of alteration in gene content, such as 

substitution, duplication, deletion or insertion of amino acid, which can be a consequence of the 

horizontal gene transfer that incorporates DNA from another H. influnzae strain into the genome. This 

mechanism can lead to surface structural changes for example of the outer membrane proteins (72, 

73). 

 

1.8 Vaccines 

Developing H. influenzae vaccine against both capsular and non-capsular strains can be difficult due 

to the high variability of the outer membrane proteins along with the diversity of adhesion molecules, 

lipopolysaccharides and virulence factors (38, 74). Various types of proteins have been evaluated as 

possible candidates for developing an effective vaccine to prevent NTHi infections. The outer 

membrane proteins such as P2, P4, P5, P6 and PD are highly conserved, also found in high 

proportion in both capsulated and NTHi, and therefore a promising candidates (75). Considering the 

high rate of infections caused by NTHi is it important to examine if prophylactic vaccination is the best 

possible method available (38, 62).  

1.8.1 Hib vaccine 

In the late 1980´s scientists first began to consider the need for vaccine against Hib to prevent severe 

infections in young children and after that various vaccines became available. The first vaccine that 

was introduced in Finland was PRP linked to diphteria toxoid and then followed by several different 

carrier proteins, meningococcal outer membrane protein conjugate and tetanus toxoid conjugate (76).  

The Hib vaccine was first introduced in Iceland in 1989 and implemented to routine childhood 

vaccination. Hib vaccine is made of capsular polysaccharides (PRP) that are covalently linked to a 

protein carrier to enhance immune response in infants. The carrier proteins can be outer membrane 

protein complex from Neisseria meningitidis serogroup B, tetanus toxoid or non-toxoic mutant of 

diphtheria toxin (77).  

Protein-polysaccharide conjugated vaccine provides T-cell dependent immune response that 

activates formation of germinal center. Circulating anti-PRP antibodies potentially provides protection 

against Hib infections by activating the compliment pathway, opsonizing and phagocytosis (23). In 

some cases can amplification of cap b gene cause changes in capsular expression resulting in 
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vaccine failure in children (78). By using conjugated polysaccharide vaccine it converts a T-cell 

independent antigen into T-cell dependent that confers enhanced immunogenicity in children (79, 80). 

1.8.2 Synflorix® vaccine  

In April 2011, the Synflorix® vaccine was first introduced into the childhood vaccination program in 

Iceland. Synflorix® is a 10-valent protein conjugated vaccine (PHiD-CV) that provides protection for S. 

pneumoniae infections. The vaccine serotypes are the most common serotypes to cause invasive 

pneumococcal infections worldwide, especially among children under the age of two years old and the 

elderly (81). 

S. pneumoniae, together with H. influenzae, are the main cause of various respiratory infections in 

young children such as AOM, pneumonia, sinusitis, bronchitis and invasive infections (meningitis, 

septicemia and bacteraemic pneumonia). Before the initiation of pneumococcal vaccines, WHO 

estimated that 1.6 million deaths each year caused by invasive pneumococcal infection including 

around one million deaths of children under the age of five. Most of these deaths take place in 

developing countries with limited medical care (82, 83).  

Synflorix® vaccine contains polysaccharides from ten pneumococcal serotypes and each is 

conjugated to carrier protein. Polysaccharide conjugate vaccines provide T- cell dependent immune 

response and therefore immunological memory in children under the age of two years old (84). 

Serotype 18C is conjugated to tetanus toxoid, and serotype 19F to diphtheria toxoid, but serotypes 1, 

4, 5, 6B, 7F, 9V, 14 and 23F are conjugated to PD, derived from NTHi (81). 

PD is an outer surface protein that is highly conserved among most H. influenzae strains. The 

activity of anti-protein D antibodies have been observed in animal models, and shown to provide 

protective efficacy. By using PD as a carrier protein for pneumococcal polysaccharide conjugated 

vaccine it potentially can provide protection in young children against H. influenzae infections (85). 

In Iceland, children are vaccinated with Synflorix at 3, 5 and 12 months and it is under 

responsibilities of the chief epidemiologist at Directorate of Health to make sure that all vaccinations 

are recorded in a centralized database. The purpose of the database is to monitor the participation in 

vaccination in Iceland and to assess the risk of epidemics. This database is unique due to the 

information it provides on all vaccination of an entire nation in real time. The participation of children 

from 3-12 months old in the pneumococcal vaccination program in Iceland was 90-96% the year of 

2015 (table 5) (86). 
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Table 5. The participation of children in routine vaccination in Iceland 2015 (86). 

 % Participation 
3 months 

% Participation 
5 months 

% Participation 
12 months 

The whole country 96 95 90 

East 96 94 87 

Capital 96 95 91 

North 97 96 91 

South 97 97 88 

Southwest 95 93 89 

Vestfirðir 96 96 89 

Vestmannaeyjar 98 98 87 

West 98 98 91 

 
 

1.9 Antibiotic susceptibility 

Ampicillin resistance in H. influenzae was discovered in 1972 when a child, which was diagnosed with 

H. influenzae meningitis, did not respond to antibiotic therapy (87). Ampicillin resistance is mostly 

mediated by either production of β-lactamase or with lower binding affinity of penicillin-binding protein 

(PBP) to β-lactam antibiotics. The production of β-lactamase is routinely detected by using nitrocefin 

disk, which is a chromogenic cephalosporin, and changes color when β-lactam is hydrolyzed by β-

lactamase (88). 

The best-known ampicillin resistance mechanism is the production of either a TEM-1 (Temoniera, a 

type of β- lactamase enzyme named after the first patient) or ROB-1 (type of β- lactamase enzyme). 

Both TEM-1 and ROB-1 are plasmid mediated, a class A serine β-lactamases, which are inhibited by 

clavulanate β-lactamase inhibitor, and positive for nitrocefin hydrolysis. Approximately 0-30% of H. 

influenzae strains produce β-lactamase, which leads to inactivation of the β-lactam antibiotic by 

hydrolyses of the β-lactam ring and inhibition of cell wall synthesis. For most patients, the first-line 

therapies for H. influenzae infections are with β-lactam antibiotics (ampicillin). For patients with β-

lactamase producing H. influenzae, other drugs are required such as, amoxicillin-clavulinic acid, 

expanded-spectrum cephalosporin or cefepime as alternate regimens, tetracyclines, trimethoprim-

sulfamethoazole, quinolones and macrolides (88).  

Other well-known mechanism of antibiotic resistance is mediated by modification of penicillin-

binding proteins (PBPs), defined as β-lactamase negative ampicillin resistance (BLNAR). H. 

influenzae has eight PBPs (1A, 1B, 2, 3A, 3B, 4, 5 and 6), that are involved in cell wall synthesis, 

differentiation and cell division, and covalently bind β-lactam antibiotics. Modified PBP3 are known to 

cause resistance to penicillin and cephalopsporins. An amino acid substitution in the ftsI gene, which 

encodes for transpeptidase domain of PBP3, can result in BLNAR isolates of H. influenzae. The 

substitution has been classified into three groups surrounding highly conserved motifs, where group I 

and II are low-level resistant and group III high-level due to additional substitution causing higher 

resistance to extended-spectrum cephalosporins (89, 90). BLNAR strains are rather uncommon but 
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have been emerging worldwide and reported as clinical problem in some countries, such as Japan 

and South Korea (91). In Norway, Skaare et al. demonstrate that β-lactam resistant isolates are 

emerging into new geographical regions and indicates that horizontal gene transfer contributes to this 

emergence (92).  

H. influenzae strains that contain both mechanism are defined as β-lactamase producing amoxillin-

clavulanate resistant (BLPACR) and are not very common (88). 

It is important to monitor the susceptibility patterns among H. influenzae isolates, particularly 

because of high levels of antibiotic use, where the resistance continue to develop over time (51).  

 

1.10 Selective procedures to identify and characterize H. influenzae 

H. influenzae identification and characterization is based on procedures that distinguish H. influenzae 

from other Haemophilus species and classifies capsulated strains into serotypes. Several analyzing 

methods are used in the laboratories for H. influenzae identifications including hemin and NAD growth 

requirement factor test, serotyping with agglutination test, MALDI-TOF mass spectrometry or 

genotyping methods. Analyzing methods can be different in sensitivity and specificity but molecular 

method such as polymerase chain reaction (PCR) is the detection method that is most commonly used 

for H. influenzae serotyping (93).  

1.10.1 Standard phenotyping methods 

For H. influenzae cultivation, it is fundamental to use media enriched with blood or blood products. 

Most laboratories use standard screening methods to detect H. influenzae on chocolate agar with 

bacitracin and colonies that are confirmed morphologically to be H. influenzae are further tested for 

the requirement of hemin and NAD+ growth factors. H. influenzae does not grow on blood agar unless 

they are hemolytic or near other bacteria such as, β-hemolytic Staphylococci or Streptococci, that can 

provide NAD+, as hemin is not released into the media unless the red blood cells are lysed. H. 

influenzae can be differentiated from other Haemophilus species by this need for hemin and NAD+ 

(Table 6). However, H. haemolyticus is the only species that also requires NAD+ and hemin for growth 

and sometime produces β-hemolysis on blood agar but not always, which makes it more difficult to 

accurate identify H. influenzae (94).  

Another approach for H. influenzae identification is with MALDI-TOF mass spectrometry. MALDI-

TOF is a technique that identifies molecules and determines the structure by analyzing the mass and 

charge of ions. MALDI-TOF is the most common identification method used in laboratories for 

identification of bacteria from upper respiratory samples, where H. influenzae is a part of the microflora 

and can frequently be misidentified. MALDI-TOF technique provides fast and accurate separation of 

H. influenzae from other Haemophilus species (95).  
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Table 6. Haemophilus growth factors requirement (94) 

Haemophilus species 
Growth factors requirement 

X (hemin) V (NAD+) β-hemolysis 

H. influenzae x x - 

H. parainfluenzae - x - 

H. haemolyticus x x x 

H. parahaemolyticus - x x 

H. aphrophilus x - - 

H. paraaphrophilus - x - 

 

 

1.10.2 Polymerase chain reaction (PCR) 

PCR was developed in the 1980s after the discovery of multiple functions of the DNA polymerase 

enzyme. The PCR method is based on a natural process of DNA replication by making copies of the 

target DNA. In order to amplify the target DNA there are several reagents required for the PCR 

method, including short single stranded DNA primers, deoxyrybonucleoside triphosphat (dNTPs) and 

DNA polymerase. Amplification process is carried out in special DNA thermocyclers where high 

temperature is used to melt the hydrogen bonds that holds the target DNA strands together, resulting 

single strand DNA serving as a template. When the temperature is lowered the primers are annealed 

to a complimentary sequence of the target DNA and DNA polymerase synthesizes new DNA strands 

in presence of dNTPs. During extension the temperature is raised and new strand of DNA is made 

(90).  

Several molecular methods have been used for H. influenzae identification and differentiation from 

other Haemophilus species, such as gene target methods to identify the fucK, hpd, hap, sodC, 

immunoglobulin A (igA), glycosyltransferase (lgtC) genes and the outer membrane protein P6 (96). It 

is important to have good molecular tools that provide accurate identification to prevent unnecessary 

antibiotics treatments. In 2011, Wang et al. developed a molecular method that is highly specific and 

sensitive for H. influenzae detection and differentiation from non-hemolytic isolates of H. haemolyticus 

by using primers detecting the hpd gene, which encodes for PD (97).  

1.10.3 H. influenzae serotyping methods 

The most commonly used laboratory routine method for H.influenzae serotyping is slide agglutination 

test where six serotype-specific antisera are used for detection of each serotype (a-f). This method is 

mostly used because it is simple and rapid but the test results are often unreliable because of cross-

reaction, which can lead to false results (98). 

Serotyping method for H. influenzae, such as multiplex PCR, was developed to amplify more than 

one target DNA sequence by using more than one pair of primers in each reaction. van Ketel et al. 

designed primers to detect the DNA sequence of the capsular gene, the bexA. The bexA is a target 

gene to identify encapsulated H. influenzae and distinguish from NTHi but does not have the ability to 
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differentiate between specific serotype antisera of capsulated strains. However, Falle et al. developed 

a serotyping PCR method for H. influenzae, which identifies each serotype with specific primers. This 

method is more sensitive and more specific results than slide agglutination test (99, 100).   

 

1.11 Molecular characterization of H. influenzae 

The whole genome sequencing technology was first developed in 1995, where H. influenzae strain Rd 

was the first free-living organism to have its genome completely sequenced. The H. influenzae 

shotgun sequencing data were assembled from small DNA fragments into larger segments of 1.8Mb 

genome by using computer software. This technology provides tools to determine potential 

pathogenicity, drug resistance, and tracking bacterial outbreaks, molecular epidemiology and evolution 

of the species (101).  

The whole genome sequence technology is rapidly changing and is becoming more efficient and 

cost-effective procedure to characterize bacteria species. The Next generation sequencing (NGS) 

technique, such as Illumina (Solexa) sequencing, is now widely used around the world and is based 

on production of millions of short sequences in parallel (Figure 5). This technique starts with a library 

preparation were DNA or cDNA are cleaved into certain size of short fragments. The short fragments 

are ligated with adaptors to both ends and attached to the flowcell, following bridge PCR amplification 

of every attached fragment producing a cluster of fragments. The clusters of fragments are working as 

a template for DNA synthesis where fluorophores attached bases are incorporated into the template 

strand. The signals from each clusters are collected by optic scanner and next sequencing cycle can 

begin. Finally, the sequence reads are assembled and can then be compared to a reference genome 

where variation such as SNPs can be detected (102).  

 

 

Figure 5 Schematic representation of NGS technology (103). 
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1.11.1 Multilocus sequence typing (MLST) 

Multilocus sequence typing (MLST) is a genotyping method that was developed in 1998 for molecular 

approaches by using DNA sequences of seven house-keeping genes, which enables the 

characterization of bacterial species and provides knowledge for other molecular based studies (104).  

The MLST scheme for H. influenzae was developed to characterize both capsulated and NTHi 

isolates by targeting genes that are present in all isolates of the species, that has lead to improved 

understanding of population structures. The H. influenzae MLST scheme is based on allelic profiles of 

H. influenzae, which are obtained from unique sequence fragments of seven housekeeping genes, 

adk, atpG, frdB, fucK, mdh, pgi and recA. The seven housekeeping genes are essential for H. 

influenzae metabolism, are constantly expressed to maintain the cell function, and are considerably 

stable over time (105).  

The MLST starts with PCR amplification of 450-500bp internal fragments of all seven of the 

housekeeping genes by using specific primers. Following the PCR and PCR purification the DNA 

sequencing is carried out and all variations within each housekeeping gene are identified. All data are 

analyzed using software, which usually is available on websites. There are several MLST databases 

that store and share information on allele numbers and sequence types (STs) (106). Each sequence 

variant of the seven housekeeping genes is assigned an allele number and every unique combination 

is given a sequence type (ST), which are used to define the isolates with identical alleles. Before new 

alleles are given numbers they go through verification of quality control and are then stored in the 

database. Isolates that have identical allelic number are defined as clones and clusters of identical 

isolates are defined as clonal complexes (106, 107).  

MLST is useful for monitoring the spread of drug-resistant H. influenzae isolates, for example 

following the mutation of fstI gene. The fstI gene encodes for penicillin-binding protein 3 and mutation 

can cause β-lactam resistance. Furthermore, MLST is useful for monitoring the spread of NTHi 

causing invasive disease and changes following vaccine introduction.  
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2 Objectives 

Since April 2011 the Synflorix vaccine has been part of routine childhood vaccination program in 

Iceland. Synflorix is a 10-valent pneumococcal conjugated vaccine (PHiD-CV, GlaxoSmithKline) 

where eight out of ten pneumococcal serotypes are conjugated to PD derived from NTHi. The 

epidemiology of H. influenzae before and after initiation of the 10-valent conjugated pneumococcal 

vaccine is unknown in Iceland. 

The aims of this study were to assess the effect of the vaccination on: 

• The carriage rate of H. influenzae among healthy children attending day-care centers (DCCs) 

in Iceland 

• The prevalence of the hpd gene in H. influenzae   

• H. influenzae isolated from clinical samples 

• The prevalence of capsulated strains and their capsular types 

in order to evaluate if vaccination with PD conjugated vaccines has an effect on the H. influenzae 

population in disease and healthy children. 
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3 Materials and methods 

3.1 H. influenzae isolates  
H. influenzae isolates were obtained from nasopharyngeal swab samples, collected annually (COPAN 

transport medium swabs, Copan, Italy) in March, 2009, and 2012-2017 from healthy children attending 

the same 15 DCCs representing the Reykjavik capital region. Approximately 500 samples were 

collected each year, mostly from children aged 18 months to 6 years old. All the children were invited 

to participate in the study. Parents signed an informed consent form and were asked to fill in 

questionnaires about current and previous (30 days) antibiotic use and treatment for AOM, sinusitis or 

pneumonia last 6 months.  

The nasopharyngeal samples were inoculated within 6 hours of sampling and selectively cultured 

for H. influenzae on chocolate agar plates with addition of bacitracin, which is used for H. influenzae 

isolation, and then incubated in 5% CO2 over night. The suspected H. influenzae cultures were then 

frozen in tryptose-glycerol freezing medium (Difco Laboratories, USA) and stored at -80°C. Results 

from 2012 are from the MS project of Jana Birta Björnsdóttir (108). 

All H. influenzae isolated from clinical samples, including from the middle ear (ME, 2012-2016), 

lower respiratory tract (LRT, 2012-2016) and invasive infection (1996-2016) sent to the Department of 

Clinical Microbiology, were included in this study. The department of Clinical Microbiology, Landspítali 

University Hospital, Iceland, is the primary microbiology laboratory for the greater Reykjavik capital 

area (serves about 85% of the population for ME and LRT specimens and all the population in Iceland 

for invasive infections) and serves as the reference laboratory for the whole country. 

Only one H. influenzae isolate was included from each patient with more than one isolate within 30 

days. All isolates were frozen in tryptose-glycerol freezing medium (Difco Laboratories, USA) and 

placed in storage at -80°C. 

Reference strains that were used for serotyping are listed in table 7. 
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Table 7. Reference strains for serotyping method. 

H. influenzae 
serotypes 

Reference 
strain 

a ATCC 90061 

b ATCC 102111 

c ATCC 90071 

d HK-6442 

e ATCC 98331 

f Fb 71321 

NTHi  NCTC 113151 

NTHi ATCC 492471 

1 Reference strains from the Department of Clinical Microbiology. 
2 Reference strain from the Aarhus University. 

 

To evaluate the effect of 10-valent pneumococcal conjugated vaccine, the samples were divided 

into pre-vaccination (2009-2011) and post-vaccination (2012-2016). 

 

3.2 Polymerase chain reaction (PCR) 

3.2.1 Growth condition 
H. influenzae isolates were grown on chocolate agar plates (Oxoid, Hampshire, UK) supplemented 

with NAD and hemin. Plates were incubated at 37°C with 5%CO2 for 24 hours. 

3.2.2 DNA isolation 

DNA was isolated in 5% Chelex 100® (Bio-Rad Laboratories, Hercules, CA, USA) by adding 2-5 H. 

influenzae colonies to 700 µl Chelex suspension. The suspension was heated at 100°C for 10 

minutes, shaken briefly on a vortex mixer, centrifuged at 14000 rpm for 10 minutes, and 200µl of the 

supernatant were stored at -20°C for further use.  

3.2.3  Primers for PCR assays 

Species-specific primers were used to differentiate H. influenzae from other Haemophilus species with 

PCR method developed in Jana Birta Björnsdóttir MS project (108). Primers hpd#1-f and hpd#1-r were 

used to identify the hpd gene, encoding for PD, which can only be found in H. influenzae. If PD was 

not present, primers fucK1-f, fucK1-r, fucK2-f, and fucK2-r, were used to dentify the fucK gene (Table 

9). The fucK gene encodes for fuculokinase enzyme, and can differentiate H. influenzae from other 

Haemophilus species. Primers Hi 1 and Hi 2 were used to detect the bexA (Hi) gene, which encodes 

for capsular transport proteins (Table 8), and capsulated isolates were subsequently serotyped with 

serotype-specific primers (Table 9). 
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Table 8. Primers used in PCR assay for H. influenzae identification and capsular detection. 

Primer Nucleotide sequence (5’-3’) Size 
(bp) Target gene Reference 

Hi 1 CGTTTGTATGATGTTGATCC 
340 

bexA 
(capsule) 

(100) 
Hi 2 CCATGTCTTCAAAATGATG 

hpd#1-f GATTGGAAAGAAACACAAGAAAAAG 
112 

hpd 

(PD) 
(109) 

hpd#1-r CACCATCGGCATATTTAACCA 

fucK1-f CACTTTCGGCGTGGATGG 

102-560 
fucK 

(fuculokinase) 
(97, 109) 

fucK1-r AAGATTTCCCAGGTGCCAGA 

fucK2-f ATGGCGGGAACATCAATGA 

fucK2-r ACGCATAGGAGGGAAATGGTT 

 

 

3.2.4 Primers for serotyping  

Isolates, previously confirmed capsulated with bexA primers, were further analyzed in multiplex PCR 

with serotype-specific primers (Table 9). Primers for the bexA gene were used as internal positive 

control.  
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Table 9. Serotype specific primers used for serotyping capsulated H.influenzae isolates. 

Reaction Serotype Sequence (5’-3’) Primers Size (bp) Reference 

1 

a 
GCA ACC ATC TTA CAA CTT AG AcsA/f 

77 (110) 

CGG TGT CCT GTG TTT AG AcsA/r 

b 
GCG AAA GTG AAC TCT TAT CTC b1 

481 (100) 

CTT ACG CTT CTA TCT CGG T b2 

d 
TGA TGA CCG ATA CAA CCT G d1 

166 (100) 

TCC ACT CTT CAA ACC ATT C d2 

bexA 
CGT TTG TAT GAT GTT GAT CC Hi-1 

340 (100) 

CCA TGT CTT CAA AAT GAT G Hi-2 

2 

c 
TCT GTG TAG ATG ATG GTT CA c1 

146 (100) 

TCA ATG AAA GTA ACC CAT TC c4 

e 
CAC ACT ACC TTT TGA GAA GAG 

EcsC2-

F 209 
(108) 

TAG TTT GAA AGA ACC CTC TG EcsC-R (110) 

f 
CCT GAA ATT TGC TAT TAC TTT A FcsA-f 

94 (110) 

GTG GTC TAT TTC CAT TCT CTT FcsA-r 

bexA 

CGT TTG TAT GAT GTT GAT CC Hi-1 
340 (100) 

CCA TGT CTT CAA AAT GAT G Hi-2 

 

 

3.2.5 PCR assay 

For all PCR assays Quick-Load® Taq 2X Master Mix (New England Biolabs Inc., Ipswich, MA, USA) 

containing 50 units/ml of Taq DNA polymerasa, 1.5 mM MgCl2, 50 mM KCl, 10 mM TRIS-HCl (pH 8.6, 

25°C), 0.2 mM dinucleotide (dNTP), 5% glycerol, 0.08 IGEPAL® CA-630, 0.05% Tween® 20, 0.024% 

Orange G og 0.0025% Xylene Cyanol FF was used. Primers (TAG Copenhagen A/S, Copenhagen, 

Denmark) were diluted in water (Sigma-Aldrich Co, St. Louis, MI, US) to the final concentration 0.5 

µM. For each PCR reaction 12.5 µl of Quick-Load® Taq 2X Master Mix was used, 1 µl of each primer 

pair (TAG Copenhagen A/S, Copenhagen, Denmark) and 6.5 µl Sigma water (Sigma-Aldrich). When 
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more than one primer pair was used in one PCR reaction the water (Sigma-Aldrich) was reduced to 

total volume 25 µl.  

3.2.6 PCR amplification 

PCR was carried out in a 2720 Thermal cycler (Applied Biosystems, Foster City, CA, USA). Initial 

denaturation temperature was 94°C for 4 minutes, then 30 cycles of denaturation at 94°C for 30 

seconds, annealing at 52°C for 30 seconds and elongation at 72°C for 30 seconds. When 30 cycles 

were completed the final elongation was at 72°C for 5 minutes, the amplified material was then cooled 

down to 4°C that is the storage temperature. 

 

3.3 Electrophoresis 

Electrophoresis was performed in a 1.5% agarose gel (Sigma-Aldrich Co) in a 0.5xTBE buffer (Tris-

Borat-EDTA). Each well was loaded with 6 µl of PCR product and, 6 µl of 100bp ladder (Quick-Load® 

100bp DNA Ladder, New England Biolabs Inc.) was used as molecular size marker. Electrophoresis 

was performed at 120 V for 26-60 minutes, depending on the gel size. Amplicons were visualized by 

ethidium bromide staining for 20 minutes and destaining for 30 minutes in distilled water and then 

photographed in UV light and picture saved as TIF file.  

 

3.4 Statistics and data analyzing 

For comparison the research was divided into two periods, pre-vaccination (2009-2011) and post-

vaccination (2012-2016). Microsoft Excel (Microsoft, Redmond, WA, USA) was used for data 

analyzing. Z- test was used to compare two groups. Fisher exact was used for statistical analysis and 

the P-value of <0.05 was considered significant. Population data was obtained from Statistic Iceland 

for calculation of age-specific incidence. 

 

3.5 Ethics 

Authorization has been provided both from The National Bioethics Committee and Data Protection 

Authority:  

• The National Bioethics Committee license nr. 2013-010-s1 

• Data Protection Authority license nr. 201310100 
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4  Results 

4.1 Identification of H. influenzae and the frequency of PD negative 
isolates from healthy carriers 

A total of 3,603 nasopharyngeal samples were obtained from children attending DCC’s in the capital 

region in Iceland from 2009, and 2012-2017. There were 2,552 isolates positive for either the hpd or 

the fucK gene. H. influenzae isolates that were lacking the hpd gene were 165 (6.5%) and 29 (1.1%) 

isolates were confirmed capsulated positive with the bexA primers (Table 10).  

 

Table 10. Results of multiplex PCR for the hpd, fucK and bexA genes in DCC isolates. 

DCC 2009 2012* 2013 2014 2015 2016 2017 

Total DCC samples 521 465 471 566 534 540 506 

Total H. influenzae isolates 453 286 346 369 416 406 276 

hpd positive isolates (n) 424 269 330 347 386 376 254 

hpd negative isolates (%) 6.4 5.9 4.6 6.0 7.0 7.4 7.9 

Carriage rate (%) 86.9 61.5 73.5 65.2 78.0 75.2 55,0 

bexA positive isolates (n) 3 5 0 6 9 0 6 

bexA positive isolates (%) 0.7 1.7 0.0 1.7 2.2 0.0 2.2 

* Results from 2012 are from the MS project of Jana Birta Björnsdóttir (108). 

 

Figure 6. Example of PCR results with hpd (112bp) and bexA (340bp) primers. 

Lane 1 and 30: 100 bp Size marker  

Lane 2-4: Reference strains positive for bexA (340 bp) and hpd (112 bp) 

Lane 5-29: DCC samples all positive for hpd, except 15 and 27, and all negative for bexA 
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The proportion of the H. influenzae isolated from healthy vaccinated children and were lacking the 

hpd gene fluctuated from 0-8.6% during the years 2012-2016 (Table 11). 

 

Table 11. hpd negative H. influenzae isolated from healthy children born after the introduction of 
Synflorix (2011). 

 2012 2013 2014 2015 2016 2017 
Percentage of hpd 
negative isolates from 
vaccinated children at 
DCCs 

0.0 0.0 5.0 7.9 8.6 8.0 

 

4.1.1 Serotyping of H. influenzae isolated from healthy carriers  

A total of 23 H.influenzae isolates from healthy carriers were positive for bexA, which encodes for 

capsule, 2 isolates were serotype b, 6 were type e and 21 were type f (Table 12). 

 

Table 12. H. influenzae serotypes isolated from healthy carriers. 

Serotype 2009 2012 2013 2014 2015 2016 2017 Total 

b 2 - - - - -  2 

e 1 2 - - 2 - 1 6 

f - 3 - 6 7 - 5 21 

Total bexA 3 5 0 6 9 0 6 29 

 

4.2 Identification of H. influenzae and the frequency of PD negative 
isolates from clinical samples  

4.2.1 H. influenzae isolated from middle ear (ME) samples 

A total of 6,230 middle ear samples (ME) were sent to the Department of Microbiology during pre- and 

post-vaccination. The number of ME samples per 1000 population, aged 0-6 years old, decreased 

from 30-16 during these years. A total of 1,540 isolates were identified as H. influenzae. The isolates 

that were lacking the hpd gene fluctuated from 6.0-9.6% and 4 isolates were confirmed capsulated 

with the bexA primers (Table 13).  
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Table 13. Results of multiplex PCR for the hpd, bexA and fucK genes in isolates from ME samples. 

 2009 2010 2011 2012** 2013 2014 2015 2016 

Population in 
Iceland under 6 
years old  

31,333 31,887 32,296 32,250 32,417 32,436 32,274 31,554 

Total ME samples 966 926 951 849 894 687 452 505 

Number of ME 
samples/1000 
population 0-6 
year old 

30.1 29.0 29.4 26.3 27.6 21.2 14.0 16.0 

Total H. influenza 
ME isolates (n) 

239* 233* 238* 257 235 172 84 83 

Proportion of H. 

influenzae 
positive ME 
samples (%) 

24.7 25.2 25.0 30.3 26.3 25.0 18.6 16.4 

hpd positive 
isolates (n) 

- - - 235 221 161 79 73 

hpd negative 
isolates (%) 

- - - 8.6 6.4 6.9 6.0 9.6 

bexA positive 
isolates (n) 

- - - 1 0 1 2 0 

Capsulated 
isolates (%) 

- - - 0.4 0.0 0.6 2.4 0.0 

* Samples were not available. 

** Results from 2012 are from the MS project of Jana Birta Björnsdóttir (108). 

 
 

A significant reduction was seen in the number of ME samples from pre- to post-vaccination 

(P<0.001), but not in the proportion of H. influenzae positive samples (P=0.689). 

Of all the H. influenzae isolates from ME samples, 2009-2016, 58.4% were from males and 41.6% 

from females. Most of the isolates were obtained from children under the age of 2 years old or 68.2%, 

2-6 years old were 29.6%, and 7 years and older were 2.2%. Of all the ME samples 144 individuals 

had more than one sample included in the study, 114 individuals had 2 samples, 22 had 3 samples 

and 8 had 4 samples (Table 14).  
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Table 14. Characteristic for ME infections in Iceland.  

 2009 2010 2011 2012 2013 2014 2015 2016 

Gender         

Male  141  135 143 147 137 101 49 46 

Female  98 97 95 110 98 71 35 37 

Age         

≤≤≤≤1 169 160 175 173 148 111 59 55 

2-6 67 66 59 81 80 56 20 27 

≥≥≥≥7 3 6 4 3 7 5 5 1 

 

 

H. influenzae and S. pneumoniae are a common part of the nasopharyngeal microbiota and the 

most frequent cause of ME infections in children. In the 1,541 samples where H. influenzae was 

detected, S. pneumoniae was also detected in 421 (Table 15). 

 

Table 15. ME samples, positive for H. influenzae, with or without S. pneumoniae. 

 2009 2010 2011 2012 2013 2014 2015 2016 
H. influenzae with S. 
pneumoniae 

75 
(31.4%) 

72 
(31.0%) 

72 
(30.3%) 

64 
(24.9%) 

63 
(26.8%) 

31 
(18.0%) 

24 
(28.6%) 

20 
(24.1%) 

H. influenzae without 
S. pneumoniae 

164 
(68.6%) 

161 
(69.0%) 

166 
(69.7%) 

193 
(75.1%) 

172 
(73.2%) 

141 
(82.0%) 

60 
(71.4%) 

63 
(75.9%) 

 
 

The proportion of H. influenzae without S. pneumoniae increased from 69.2-75.7% from pre- to 

post vaccination and a significant increase was found in ME samples positive for H. influenzae without 

S. pneumoniae (P=0.004). 

The proportion of the H. influenzae isolates from ME samples that were lacking the hpd gene 

fluctuated from 4.9-11.0% during the years 2012-2016 (Table 16). 

 

Table 16. hpd negative H. influenzae isolated from ME samples from children born after the 
introduction of Synflorix (2011). 

 2012 2013 2014 2015 2016 

Percentage of hpd negative 
isolates from ME of 
vaccinated children  

8.4 4.9 6.9 6.5 11.0 

 

 

4.2.2 Serotyping of H. influenzae isolated from ME samples  

A total of 4 H.influenzae isolates from ME samples were positive for bexA, 1 isolate was serotype b, 2 

were type e and 1 was type f (Table 17). 
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Table 17. H. influenzae serotypes isolated from ME. 

Serotype 2009 2012 2013 2014 2015 2016 Total 

b - - - - 1 - 1 

e - 1 - - 1 - 2 

f - - - 1 - - 1 

Total 0 1 0 1 2 0 4 

 

 

4.2.3 H. influenzae isolated from LRT samples 

A total of 15,406 LRT samples were sent to the Department of Microbiology during pre- and post-

vaccination. The number of LRT samples per 1000 population fluctuated from 5.0-7.2 between the 

years. A total of 1,345 isolates were identified as H. influenzae. Isolates that were lacking the hpd 

gene fluctuated from 0.8-9.7% and no isolates were positive for bexA and confirmed with capsule 

(Table 18).  

 

Table 18. Results of multiplex PCR for the hpd, bexA and fucK genes in isolates from LRT samples. 

 2009 2010 2011 2012** 2013 2014 2015 2016 

Population in Iceland 319,368 317,630 318,452 319,575 321,857 325,671 329,100 332,529 

Total LRT samples 2,153 1,976 1,676 1,750 1,671 1,620 2,176 2,384 

Number of LRT 
samples/1000 
population 

6.7 6.2 5.3 5.5 5.2 5.0 6.6 7.2 

Total LRT H. 

influenzae isolates (n) 
245* 175* 175* 176 144 125 146 159 

Proportion of H. 

influenzae positive 
LRT samples (%) 

11.4 8.9 10.4 10.1 8.6 7.7 6.7 6.7 

hpd positive isolates 
(n) 

- - - 159 141 124 138 153 

hpd negative isolates 
(%) 

- - - 9.7 2.1 0.8 5.5 3.8 

bexA positive isolates 
(n) 

- - - 0 0 0 0 0 

Capsulated isolates 
(%) 

- - - 0.0 0.0 0.0 0.0 0.0 

* Samples were not available 

** Results from 2012 are from the MS project of Jana Birta Björnsdóttir 
 
 

A significant reduction was seen in the proportion of H. influenzae positive samples from LRT from 

pre- to post-vaccination (P<0.001), but not in the number of LRT samples  (P=0.068) 



  

45 

LRT samples positive for H. influenzae were 46.2% from males and 53.8% from females. Most of 

the isolates were obtained from individuals over 65 years and older or 45.9%, children under the age 

of 17 were 11.3%, and individuals 18-64 were 42.8% (Table 19).  

 

Table 19. Characteristics for LRT samples positive for H. influenzae in Iceland. 

 2009 2010 2011 2012 2013 2014 2015 2016 
Gender         

Male 117 84 96 63 78 61 61 61 
Female 128 91 79 113 66 64 85 98 

Age         
≤≤≤≤17 32 16 24 17 15 14 15 19 

18-64 101 68 73 78 47 65 63 80 
≥≥≥≥65 112 91 78 81 82 46 68 60 

 

 

4.2.4 H. influenzae isolated from invasive infections 

A total of 67 H. influenzae isolates were identified from invasive infections from 1996-2011 (pre- 

vaccination) and 2012-2016 (post-vaccination). There was only one isolate lacking the hpd gene 

(1.5%) and isolates confirmed with capsule were 10.4% (Table 20). 
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The yearly incidence of non-Hib invasive infection before vaccination with PD conjugated vaccine 

was 0.94 per 100,000 population (1996-2011), and after vaccination (2012-2016) 1.35 per 100,000 

populations (p=0.161) (Table 20). 

 

Table 21. The yearly incidence of age-specific invasive Hib and non-Hib infections. 

 1996-2011 2012-2016 
 Hib Non-Hib Hib Non-Hib 
Age n Incidence n Incidence n Incidence n Incidence 
≤1 0 0.0 4 2.8 0 0.0 2 4.5 
2-6 0 0.0 3 0.9 0 0.0 1 0.9 
7-17 0 0.0 2 0.3 0 0.0 1 0.4 
18-64 1 0.0 20 0.7 0 0.0 6 0.6 
≥65 0 0.0 15 2.7 0 0.0 12 5.7 
 
 

4.2.5 Serotyping of H. influenzae isolated from invasive infections 

A total of 7 H.influenzae isolates from invasive infections (1996-2016) were positive for bexA, 1 isolate 

was serotype b, 2 were type e and 7 were type f (Table 21). 

 

Table 22. H. influenzae serotypes isolated from invasive infections. No capsulated isolates were found 
in the years not listed.  

Serotype 1999 2000 2003 2007 2010 2014 2016 Total 

b - - - 1 - - - 1 

e - - - - - - 1 1 

f 1 1 1 - 1 1 - 5 

Total 1 1 1 1 1 1 1 7 
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5 Discussion 

Since the introduction of a PD conjugated vaccine we have only seen minor changes in the frequency 

of H. influenza carriers in Iceland. The identification and characterization of H. influenzae with 

multiplex PCR method showed that most of the isolates have PD, and that the percentage of isolates 

lacking PD did not changes after the vaccination. Vaccine implementation started in 2011, children 

born after the introduction were considered vaccinated.  

Vast majority of the H. influenzae isolates both from carriage and clinical samples were NTHi and 

the proportion of encapsulated strains was low. The serotyping method showed that the most common 

serotype was serotype f. 

 

5.1 The effect of PD conjugated vaccine on H. influenzae in Iceland and 
the frequency of PD negative isolates 

5.1.1 The effect of PD conjugated vaccine on H. influenzae isolated from 
healthy carriers 

The development of multiplex PCR method for differentiation of H. influenzae from other Haemophilus 

species has simplified the H. influenzae identification. Accurate identification is important for 

surveillance and to improve decision of appropriate treatment and prevent unnecessary or incorrect 

use of antibiotics.  

The identification of H. influenzae and differentiation from H. heamolyticus can be difficult because 

they share similar morphology, biochemical and genetic characteristics. Theodore et. al did a study 

using PCR method to detect the presence of the hpd and fucK genes and to determine if it was a 

reliable method to separate non-hemolytic H. haemolyticus from NTHi. The identification method 

based on using both the hpd and fucK as a biomarker genes was shown to be a promising method for 

H. influenzae differentiation (96). Björnsdóttir also demonstrated in her diploma project that by using 

both hpd and fucK primers in multiplex PCR, H. influenzae can easily be differentiate from non-

hemolytic H. haemolyticus (111). Furthermore, MALDI-TOF is a common method used for H. 

influenzae identification and differentiation from other Haemophilus species (95). 

The first multiplex PCR reaction was run with hpd and Hi primers for H. influenzae identification 

and capsular detection. However, the PCR primers could be unable to detect the hpd gene due to 

deletion or sequence variation at their binding sites. Isolates that were lacking the hpd gene were run 

in another PCR with hpd and different combinations of fucK primers. The fucK gene is also 

characteristic for H. influenzae and can be used to differentiate from other Haemophilus species and 

therefore makes it possible to identify isolates that are lacking the hpd gene. The fucK gene is present 

in most H. influenzae isolates but isolates missing a part or the complete fucK gene have been 

reported (96). Using hpd and fucK primers together in one PCR assay makes it more sensitive and 

specific than using hpd primer alone (96, 112).  

The identification of H. influenzae carriers in Iceland, from 2009, and 2012-2017, showed that 55-

87% of the children carried H. influenzae (10). The carriage rate slightly decreased after the 
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vaccination and in 2017 the lowest rate was detected, when all of the children should have received 

the vaccine. The majority of the isolates were NTHi and only few of the H. influenzae isolates were 

confirmed with capsule (Table 10).  

Brandileone et. al studied NTHi carriage among healthy children in Brazil after the introduction of 

the PD conjugate vaccine. The results showed increasing NTHi prevalence after the vaccination and 

protection against NTHi was not observed (113). The carriage rate in Iceland is considerably higher 

than was found in Brazil, possibly because of different climate or different time period when samples 

were taken. 

Sigurðsson et al. studied pneumococcal carriage and the effect of the 10-valent PD conjugate 

vaccination in Iceland. The study showed similar results as in this study where pneumococcal carriage 

remained high during the study period. However, the study showed reduction of pneumococcal 

vaccine types and some of them were eliminated (114). Considering that there are close to one 

hundred pneumococcal serotypes, that have been identified, it is possible that serotype replacement 

contributes the high carriage rate. H. influenzae and pneumococcal co-colonization is common among 

healthy children and there is a possibility that the presence of pneumococci can contribute to H. 

influenzae colonization by providing nutrients or space.  

The identification of PD negative H. influenzae isolates showed slight increase after the 

introduction of PD conjugated vaccine and the proportion of PD negative isolates were 6.5% (Table 

10). PD is highly conserved in both capsulated and NTHi isolates and therefore considered to be 

favorable candidate for prevention of H. influenzae infections.  

However, if vaccination with PD induces immune response against PD positive H. influenzae 

isolates, there is a possibility that PD negative isolates would increase over time. The proportion of H. 

influenzae isolates that were lacking PD, from children that had received the vaccine (2012-2017), 

fluctuated 0-9% and did not increase with increased vaccination uptake (Table 11). There are no other 

studies, which the author is aware of, that have demonstrated the frequency of PD negative isolates 

among H. influenzae carriers after vaccination with a PD conjugated vaccine.  

Considering the global burden of respiratory diseases and repeated exacerbations among patients 

it is important to monitor changes of H. influenzae carriers. The effect that NTHi promotes justifies the 

need for a vaccine in order to reduce repeated use of antibiotics.  

5.1.2 The effect of PD conjugated vaccine on H. influenzae isolated from 
clinical samples 

The identification of H. influenzae isolates from clinical samples demonstrated a reduction of H. 

influenzae isolated from LRT infections, but not from ME and invasive infections. 

A total of 832 isolates were obtained from ME infections (2012-2016) and were positive for either 

hpd or fucK genes. The majority of the isolates were NTHi and only few were confirmed capsulated. 

The proportion of PD negative isolates was 7.5% and did not increase after the vaccination (Table 13). 

Most of the H. influenzae isolates from ME samples were isolated from children younger than two 

years or 68% and 58% were males and 42% were females (Table 14). There are several risk factors 

for ME infection such as, age, genetic, day-care, chronic disease and gender. Males tend to be more 
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prone to OM infection than females, which could be due to anatomic difference of the respiratory tract 

or behavioral factors (115). This could explain the gender difference seen in this study. 

It is common among children to have recurrent episodes of AOM infections. Of all the children with 

ME infection, 9% children had more than 1 episode, thereof one girl that had 4 episodes of OM 

infections 3 years in a row, both H. influenzae and penicillin non-susceptible pneumococci were 

cultivated from ME sample and she was diagnosed with chronic middle ear infection.   

There was a significant reduction in number of ME samples from pre- to post-vaccination. In 2009, 

966 ME samples were taken, which decreased to 505 in 2016. A total of 239 H. influenzae isolates 

were identified from the ME samples in 2009 and 81 isolates in 2016 (Table 13). However, there was 

not a significant reduction in the proportion of H. influenzae positive samples. It is possible that PD 

conjugate vaccine provides protection against AOM infections caused by H. influenzae. However, it is 

also possible that the decrease in sampling and the isolation of H. influenzae from ME infections in 

children is a combination of a direct effect from the PD, which is used as a conjugate in the vaccine, 

and reduced pneumococcal ME infections that have followed the vaccination. Of all the H. influenzae 

isolates that were obtained from ME samples 27% were also positive for pneumococcal cultures 

(Table 15). 

A total of 1,345 H. influenzae isolated from LRT infections were detected at the Department of 

Microbiology from 2009-2016, 577 isolates from 2012-2016 were available and were identified with 

multiplex PCR as H. influenzae (Table 18), all of the isolates were NTHi. The proportion of PD 

negative H. influenzae isolates was 4.7% (Table 18). There was a significant reduction in the 

proportion of H. influenzae positive samples from LRT from pre- to post-vaccination, but not in the 

number of LRT samples. A total of 2,153 LRT samples were taken in 2009 and 261 H. influenzae 

isolates identified. In 2016, 160 H. influenzae isolates were identified from 2,384 LRT samples and 

most of the H. influenzae isolates were obtained from the elderly, 65 years and older. The H. 

influenzae isolated from LRT was lowest in 2014, 126 isolates. No capsulated H. influenzae isolates 

were detected in LRT samples (Table 18).  

H. influenzae is a major cause of millions of people suffering from chronic respiratory diseases 

every day and providing immunity could decreased the incidence of LRT infections (6). 

The epidemiology of invasive infection has changed since the introduction of Hib vaccine in Iceland 

and capsulated H. influenzae strains have significantly decreased (65). Berndsen et al, did a study 

based on epidemiology, clinical characteristics and serotypes of invasive H. influenzae infection before 

and after Hib vaccination in Iceland (1983-2008). The study showed remarkable reduction of Hib 

invasive infections among children and also with the elderly after the introduction of Hib vaccine (65).  

In the last decades, the prevalence of NTHi in invasive infection has become more important in 

Iceland, as in other countries, and the incidence of NTHi has increased (66). A total of 67 invasive H. 

influenzae isolates were identified in Iceland in 1996-2016, and 10% were capsulated (Table 20). Most 

of the isolates were PD positive, but isolates that are lacking the PD are generally considered to be 

less virulent (Table 20) (50) The annual frequency of invasive H. influenzae cases maintains low, but 

in 2016 a total of 12 NTHi cases were identified, which is more than previous years. The yearly 
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incidence of non-Hib invasive infection was the same before the initiation of the PD conjugated 

vaccine (1996-2010) and after (2011-2016) (Table 21).  

Similar studies have been reported in Europe and worldwide, where increasing prevalence of NTHi 

and non-Hib are the leading cause of invasive H. influenzae infections. Whittaker et. al did a study 

based on surveillance data from 30 countries in Europe, from the years 2007-2014, obtained from the 

European Centre for Disease Prevention and Control. The result showed that H. influenzae invasive 

infection was in 78% of the cases caused by NTHi and increasing frequency was detected among 

children under the age of 1 year old and adults over the age of 20 (116). This is in context with our 

findings in Iceland, the incidence of invasive NTHi infection are higher among children under the age 

of 2 years old, but mostly the invasive infections occur among the elderly with underlying medical 

condition. 

This increasing prevalence of invasive NTHi infection worldwide could be a result of increased 

diversity among NTHi isolates and the ability to adapt rapidly to changes in the environment. Improved 

surveillance system can provide rapid and more accurate results, which improves diagnosis and 

treatment. 

 

5.2 Serotyping of H. influenzae isolated from healthy carriers and 
clinical samples 

The most common method for capsular genotyping is PCR detection of the bexA gene, which is 

important for transporting capsule across the outer membrane and is highly conserved in all capsular 

serotypes. However, there is a possibility that duplications, partial or complete deletion of the cap 

locus can result in false identification of capsulated H. influenzae as NTHi. To overcome this, serotype 

specific primers were used along with bexA in multiplex PCR. Isolates positive with bexA and serotype 

specific primers were considered capsulated. 

5.2.1 Serotyping of H. influenzae isolated from healthy carriers 
The majority of the isolates from healthy carriers from 2009, and 2012-2016 were NTHi and only 

1% of the children in Iceland were carriers for encapsulated H. influenzae. The encapsulated isolates 

were serotyped with multiplex PCR method and among 29 capsulated isolates 2 were type b, 6 were 

type e, and the majority were type f (n=21, 72%) (Table12). Both the type b isolates were from boys at 

the same age, attending the same class of the same DCC.  

5.2.2 Serotyping of H. influenzae isolated from clinical samples 
Among all the clinical samples (n=1.614) only 0.7% of the isolates were confirmed capsulated by 

detecting the bexA gene.  

A total of 831 ME samples were serotyped and 4 isolates were capsulated. One isolate was 

confirmed as H. influenzae type b and was isolated from the middle ear of a nine-month old female, 2 

isolates were type e and 1 was type f (Table 17).  
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A total of 67 invasive H. influenzae isolates from 1996-2016 were serotyped and 7 confirmed with 

capsule (10%), which was significantly higher then found in carriage and ME samples. One isolate 

was confirmed as H. influenzae type b, 1 was type e and 5 were type f (Table 22).  

Most other studies demonstrate the epidemiology of H. influenzae serotypes after introduction of 

Hib vaccine but not PD conjugate vaccine. Desai et al. did a study that demonstrates the epidemiology 

of invasive non-Hib infections in Ontario, Canada. A total of 1.307 non-Hib isolates from the years 

2004-2013 were collected from sterile sites and confirmed with slide agglutination tests, excluding all 

Hib cases. There were 301 capsulated isolates and 1,006 NTHi isolates. The results showed a 

significant increase of NTHi incidence, and among all the serotyped isolates 22.3% were type a, 

17.9% were e and the most detected serotype was type f, 59.8% (25).  

The epidemiology of H. influenzae has dramatically changed in the last decades, where H. 

influenzae type b was the most dominant serotype among invasive infections, but now NTHi are more 

likely to be causing invasive disease.  
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6 Conclusions 

The epidemiology of H. influenzae has been studied worldwide and most of the studies focus on the 

effect of Hib vaccination on invasive Hib diseases, which has dramatically changed during the last 

decades. This study contributes to our knowledge on the effect of PD conjugated vaccine on H. 

influenzae population, isolated from healthy carriers and disease in Iceland. 

The following conclusions can be drawn from this study: 

• Vaccination with Synflorix has limited effect on H. influenzae carriage in healthy children 
attending day-care centers in Iceland.  

• The proportion of hpd negative isolates did not increase after vaccination. 

• The proportion of H. influenzae positive samples from LRT decreased after vaccination, but 
not from ME and invasive infections.  

• The proportion of capsulated isolates was similar between years. Serotype f was the most 
common serotype. 
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