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Agrip
Haemophilus influenzae (Hi) eru Gram neikvaedir stafir sem finnast i efri loftvegum manna. Hi getur
baedi dvalid einkennalaust i nefkoki manna (berar), og orsakad sykingar, pa sérstaklega pegar
onaemisvarnir hysilsins eru skertar. Hi eru flokkadir eftir tilvist fjdlsykruhjups, sex hjupgerdum hefur
verid lyst; a, b, ¢, d, e og f. Genamengi hjupadra Hi synir litinn breytileika innan hverrar hjupgerdéar.
Hjuplausir Hi (NTHi) hafa engan fjélsykruhjup og er genamengi peirra mjog fjdlbreytt. H. haemolyticus
finnst einnig i efri loftvegum manna en er almennt ekki alitinn sykingarvaldur. Genamengi H.
haemolyticus er likt genamengi NTHi. Ein mest notada adferdin til ad greina a milli pessara tveggja
tegunda er myndun H. haemolyticus & beta hemadlysu a blédagar. Erfdafraedilegar greiningar hafa synt
ad H. haemolyticus stofnar mynda ekki allir beta hemdlysu og par af leidandi hafa 6hemdlytiskir H.

haemolyticus veri® misgreindir sem NTHi baedi medal bera og sjukdomsvaldandi stofna.

Boluefnid Synflorix gegn 10 hjupgerdum pneumdkokka var innleitt i ungbarnabdlusetningar a
islandi 1. jantar 2011. Prétein D fra Hi er notad sem burdarprétein i boéluefninu og hafa rannséknir

synt ad protein D hvetji til Gnaemissvars gegn Hi asamt hjupgerdum pneumokokka sem pad ber.

Markmi®d rannséknarinnar voru ad kanna hlutfall H. haemolyticus og hjupadra Hi med PCR asamt
pvi ad skoda genetiskan fidlbreytileika Hi medal 511 stofna sem &dur héféu verid greindir sem Hi ar
kliniskum synum & Syklafraedideild Landspitalans 2012. Einnig voru allir 286 Hi stofnar sem raektudust
ur nefkokssynum leikskdlabarna a héféuborgarsvaedinu i mars 2012 med i rannsokninni. PFGE var
gert & alls 303 stofnum, medal stofna fra innsendum synum voru 110 stofnar sem orsékudu
eyrnasykingar, 39 stofnar sem orsdkudu adrar sykingar, 10 stofnar ur nef og nefkokssynum og meédal

stofna fra leikskélabdrnum var annar hver stofn greindur, alls 144.

PCR adferd til adgreiningar a Hi og H. haemolyticus var notud til ad leita ad tilvist fucK og hpd
genanna sem baedi eru vel vardveitt medal Hi en eiga ekki ad vera i H. haemolyticus. Syndi adferdin
ad enginn H. haemolyticus var medal stofnanna. Hjupgreining a Hi med PCR syndi ad einn hjupadur
stofn var medal innsendu synanna, var hann af hjupgerd e (0.2%) og medal syna fra leikskdlabérnum
voru tveir stofnar af hjupgerd e (0.7%) og prir af hjupgerd f (1.1%). Af peim 303 stofnum sem greindir
voru med PFGE myndudu 254 peirra 72 PFGE kléna og 49 voru einfarar. PFGE klénar sem innihéldu
sjo eda fleiri stofna voru adeins niu talsins. Stofn af hjupgerd f syndi samskonar bandamunstur i PFGE
og prir NTHi stofnar og annar stofn af hjupgerd f var i sama PFGE klon og tveir stofnar af hjupgerd e.

MLST gaf 10 typur medal 12 stofna par af var ein ny sem ekki hefur veri® lyst adur.

Hlutfall H. haemolyticus er laegra hér a landi midad vid 6énnur 16nd. Moguleg skyring er mismunur a
hefdbundnum greiningaradferbum sem eru notadar. Hlutfall hjupadra Hi er svipad og i erlendum
rannséknum. PFGE greiningin syndi mikinn fjélbreytileika medal Hi stofna og er pad likt nidurstédum
annarra sambeerilegra rannsdkna. | rannsékninni sast ad margir PFGE klénanna innihéldu bzedi
berastofna (fra leikskdlabérnum) og sjukdémsvaldandi stofna fra ymsum synatdkustédum. Er petta
birtingarmynd pess ad onaemiskerfi hysilsins er mikill ahrifavaldur pess hvada stofnar sykja hysilinn
par sem stofnar af sama PFGE kloni eru ekki bara ad valda sykingum heldur finnast lika i

einkennalausum berum. MLST greining syndi einnig mikinn fjdlbreytileika. Frekari rannsoknir &



hjupgerdum e, f og NTHi stofnunum sem voru annadhvort med eins bandamunstur eda flokkudust

saman i PFGE kléna eru mikilveegar. Heilgenaradgreining veeri par besti kosturinn.

Nidurstdodur pessarar rannsoknar skapa pekkingagrunn a erfdafraedilegum fjdlbreytileika Hi 4dur en

mdguleg ahrif Synflorix bélusetninganna a Hi koma fram.



Abstract

Haemophilus influenzae (Hi) is a common colonizer in humans. In carriage Hi resides
asymptomatically in the human respiratory tract. Because Hi can be an opportunistic pathogen, it may
cause infections in the respiratory tract and sometimes cause invasive diseases especially in
immunosuppressed hosts. Hi is either with a polysaccharide capsule (serotype a, b, c, d, e and f) that
have a clonal population structure, or without a capsule (nontypable, NTHi/) that have a non-clonal
population structure. Haemophilus haemolyticus also resides in the human nasopharynx and is
normally not considered pathogenic. The genome of H. haemolyticus is similar to the genome of NTHi.
Genotypic methods show that not all H. haemolyticus produce hemolysis on blood agar (the most
used differentiation method between the species) and that non-hemolytic H. haemolyticus have

previously been misidentified as NTHi, both among carriage and disease causing isolates.

The Synflorix vaccine against 10 pneumococcus serotypes has been a part of the childhood
vaccination program in Iceland since January 1% 2011. Protein D from Hi is used as a conjugate in the
vaccine. Studies have shown that Protein D as a carrier for pneumococcal polysaccharides also

induces some immune response against Hi.

The objectives of this study were to examine the percentage of H. haemolyticus and capsulated Hi
and to examine the genetic diversity of Hi among 511 isolates isolated from clinical samples sent to
the Department of Microbiology, Landspitali in the year 2012, and all 286 Hi isolated from children’s
nasopharyngeal samples collected at day care centers (DCCs) in March the same year. The isolates
had previously been identified as Hi or Haemophilus spp. with phenotypic methods. PFGE was done
on 303 isolates, 110 isolates causing ear infections, 39 isolates considered causing other infections,
10 nasopharyngeal and nasal swab isolates and every other isolate from carriage samples, 144 in

total.

PCR method identifying the fuck and hpd genes of Hi showed no H. haemolyticus among all the
isolates (n=797). Results from Multiplex PCR for serotyping showed one capsulated isolate, of
serotype e (0.2%), among the clinical isolates, and two serotype e (0.7%) and three serotype f (1.1%)
among the isolates from DCCs. Of the 303 isolates typed with PFGE, 254 isolate formed 72 PFGE
clones and 49 isolates were singletons. Isolates from two or more different specimen types were found
in 45 PFGE clones. Nine PFGE clones contained seven or more isolates. One serotype f isolate had
identical PFGE band pattern as three NTHi isolates and another serotype f isolate grouped in the
same PFGE clone as two serotype e isolates. A total of 10 different ST's were found among 12

isolates, thereof one new ST that had not been previously recognized.

The percentage H. haemolyticus is lower compared to other studies, possibly because of different
phenotypic identification methods. The percentage of capsulated Hi is consistent to results of other
studies. The high genetic diversity apparent in PFGE has been reported in other studies. Many of the
PFGE clones contained isolates from different specimen types underlining the fact that the host’s
immune defenses play a large role in what strains cause disease. MLST results were in accordance to

findings of other laboratories. Further analysis of the serotypes e, f and NTHi isolates that were either



identical or in the same PFGE clone are needed, preferably with whole genome sequencing. The
results of this study create a baseline on the diversity of Hi before possible vaccine effect of the

Synflorix vaccine on Hi will take place.
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1 Introduction

1.1 Haemophilus influenzae — general aspects

Bacteria of the Haemophilus genus are Gram-negative coccobacilli. They share a requirement for
blood-derived factors, hence the name Haemophilus. Out of all Haemophilus spp. infections
Haemophilus influenzae, (Hi) is the most common pathogen and is only found in association with
humans (1). Hi was first described by Richard Pfeiffer in 1892. While studying an influenza outbreak in
America he noticed that the bacteria were present in sputum samples from influenza-infected patients
and therefore considered Hi to be the cause of influenza. It was not until 1933 that Smith, Andrews
and Laidlaw showed that influenza was caused by a virus and Hi followed or was present before the
viral infections (2, 3).

In 2000 it was estimated that a minimum of eight million cases of serious Hi disease occurred
worldwide, with 370.000 resulting in death, the majority of fatal cases were in developing countries (4,
5). A conjugated vaccine targeting serotype b has almost eradicated invasive diseases caused by
serotype b in countries where the vaccine is widely used. Before vaccination, serotype b caused up to
96% of all Hi invasive diseases (6). Nowadays the most common Hi are noncapsulated Hi (NTHI).
Along with being the most common cause of acute otitis media (AOM) after pneumococcus, it can
cause invasive disease, especially among immunosuppressed people (7). NTHi are found in the
respiratory tract and spread through respiratory droplets from colonized people or through direct

contact (1).

1.1.1 Polysaccharide capsule

Hi are classified according to the presence of a polysaccharide capsule. The capsule can protect
against phagocytosis because the strong negative charge and chemical composition of the
polysaccharides can inhibit complement binding to the surface (8, 9). Immunological differences of the
polysaccharide capsule are used to classify Hi into serotypes. A total of six serotypes have been

described: serotype a, b, ¢, d, e and f (10).

1.1.2 Outer membrane

The outer membrane of Gram-negative bacilli is made from phospholipids. Many proteins and
lipopolysaccharides (LPS) are connected to this membrane (11). LPS are glycolipids consisting of
core oligosaccharide, lipid A and O specific polysaccharide (also known as O antigen). The length of
the O antigen area correlates with the bacterial cell surface negative charge (12).

A group of Gram-negative bacilli that reside in the mucosal surface have lipooligosaccharides
(LOS) instead of LPS and Hi is one of them. The main difference between LPS and LOS is that LOS
lacks the O specific polysaccharides. This results in a high diversity of LOS, especially in the
polysaccharide region. This diversity enables the bacteria to express different isoforms of LOS, which

increases the possibility of them being unrecognized by the hosts immune defenses (11, 12).
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1.1.3 Outer membrane proteins

Most Hi outer membrane proteins increase their virulence, especially by enabling adherence to the
nasopharynx. Outer membrane proteins of Hi have been studied with the goal of finding a vaccine
target. High antigenic variability and variability in preservation have proven to be the main problems in
finding a comprehensive vaccine target against an outer membrane protein on Hi (13). It is very
important that the vaccine target has little antigenic variability to ensure the effectiveness of the

vaccine against a wide group of Hi strains (14).

One of the most studied outer membrane proteins is protein D. It is coded for by the hpd gene and is
well-preserved in Hi (15). Unlike most outer membrane proteins on Hi protein D shows little antigenic

variation between strains, making it a candidate for a target in vaccine against NTHi (14).

1.1.4 Other Haemophilus spp.

A number of other Haemophilus spp. have been described. Haemophilus parainfluenzae has been
reported to cause pneumonia, endocarditis, meningitis and urinary tract infection both in children and
adults (16). Carriage of H. parainfluenzae in children is also possible (17). Haemophilus aegyptius
(also known as Haemophilus influenzae biogroup aegyptius) causes conjunctivitis and a more serious
infection in children of ages 1-4 years, called Brazilian purpuric fever. The symptoms are meningitis,
septicemia and purpuric skin lesions (18). Haemophilus ducreyi causes a sexually transmitted
infection called chancroid, manifesting as genital lesions (16). Haemophilus parahaemolyticus is rarely
the cause of infection; however, it is found in some humans nasopharynx and studies have shown it

can cause infections in pigs (19).

Haemophilus haemolyticus can reside in the human nasopharynx. Until recently it was considered
only to be a human commensal and very rarely the cause of invasive disease. The genome of H.
haemolyticus is very similar to the genome of Hi. When analyzing with phenotypical methods the only
factor differentiating the two species is the hemolysis H. haemolyticus produces on blood agar.
Results from genotypic studies have shown that non-hemolytic H. haemolyticus can be misidentified
as Hi when using only phenotypic methods. Therefore it can be assumed that non-hemolytic H.
haemolytius is a more common cause of invasive disease than previously reported (20, 21). For
example, an American study showed that seven of 374 isolates from invasive diseases previously
diagnosed as NTHi, were in fact H. haemolyticus when genotypic analysis was conducted. Before the

study the literature showed only two previous cases of invasive H. haemolyticus (22).

Other Haemophilus spp. have been described, such as Haemophilus segnis, Haemophilus

aprophilus and Haemophilus paraphrohilus but the rate of carriage and infection is extremely low (1).

1.2 Virulence of Hi

The virulence factors of Hi make the bacteria fit to attach to host cells or the host’s surfaces for
colonization, evade the host’s innate and adaptive immune response and obtain nutrients in its
surroundings essential for replication (23). Hi is a successful colonizer of the nasopharynx and a
pathogen because it does not rely on any single mechanism to attach to the host and, furthermore has

a quick response to the host’'s immune defense mechanism with phase variation and antigenic drift
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(13). A universal virulence gene or characteristic has not been found to be associated with all the

disease-causing isolates, supporting the fact that NTHi is genetically diverse (24).

1.2.1 Phase variation

Phase variation helps the bacteria adapt to the host’s environment by turning on and off genes that
encode for factors in its outer membrane. Phase variation is caused by slipped-strand mispairing due
to simple sequence repeats (SSR) in the coding or upstream promoter region of genes. These
sequence repeats are unstable and can cause an error in the translational frameshift or change the
distance that the promoter covers, thus altering the gene expression (23). Many genes of Hi have

been found to be phase variable, for further information see Table 1.

1.2.2 Antigenic drift

Antigenic drift enables Hi to evade the host’'s immune response. The antigenic drifts are due to the
switch, deletion or addition of amino acids and can also occur after horizontal gene transfer from a
nearby strain. These changes can result in structural changes in the immunodominant area and
therefore affect the binding of previously produced antibody to the antigen. Virulence factors of Hi

have been reported to have antigenic drift (Table 1) (11).
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Table 1.Virulence factors of Hi and their role.

Virulence factor Role Citation
Pili Protein complex | Helps with adherence to epithelial cells. (25)
Outer Increases adherence to epithelial cells and other bacteria.
. When close to secretory leukocyte protease inhibitor (SLPI)
Hap membrane . o o (26)
rotein degrading of Hap is inhibited, causing increased adherence,
P aggregation of bacteria and formation of microcolonies.
Outer vy -
. Promotes adherence to epithelial cells through binding
Hia membrane o . (27)
. domains HiaBD1 and HiaBD2.
protein
HMWA1 Outer
and membrane Increases adherence to epithelial cells. (8, 11)
HMW?2 protein
IgA1 Proteolytic Inactivates Immunoglobulin A by cleavage. (28, 29)
protease | enzyme ’
) Endotoxin activates cells through Toll-like receptor 4 (TLR4)
Glucosamine- . . . . . .
s and induces inflammation response of the innate immunity.
Lipid A* | based . . A . (12, 30)
. High concentration of Lipid A in the body can cause septic
saccharolipid
shock.
Helps adherence to epithelial cells, weakens ciliary function in
LOS Glycolipid P P y 8, 31)
the nasopharynx.
Outer Increases adherence to epithelial cells and possibly other
OapA membrane , P P y (11, 32)
. eukaryotic cells.
protein
Outer Serves as a porin, lets molecules up to 1400 Da in size
P2 membrane through the membrane. Can also bind to mucin in the (13, 33)
protein nasopharynx.
Outer . .
Increases adherence to epithelial cells. Binds to CEACAM-1
P5 membrane . . L . (11, 34)
. that has increased expression during viral infections.
protein
Protein Outer Indicators that it serves a role in impairing the ciliary function
membrane ) pairing the cliary unction 1414 14y
D* . in the nasopharynx.
protein

*No reports found on the factor being susceptible to phase variation or antigen drift.
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1.2.3 Colonization and initiation of Hi infection

For Hi to colonize the nasopharynx and cause disease, the interplay of virulence factors and host’s
factors is required in many different steps (Figure 1). When the host is exposed to allergic disease,
viral infection or other types of immune suppression, Hi can go from its colonization state in the

nasopharynx and spread to other sites in the respiratory tract and cause disease (11).
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Figure 1. Interaction between Hi and host in the nasopharynx (11).

A, B: Hi enters the nasopharynx and meets the mucociliary escalator that mostly clears it out. Viral
infection, cigarette smoke and immune suppression of some kind reduces the clearance ability of the
mucociliary escalator. Hi that is not cleared out binds to mucin through the adherence factors P2 and
P5. LOS, protein D and possibly other factors damage the cilia, which further impairs the mucociliary

escalator. Hi can then continue downwards.

C: Hi comes in contact with the respiratory epithelium via adherence factors like pili, HMW1, HMW2,
Hia, Hap and OapA.

D: In the presence of SLPI, a protective factor that is secreted by the respiratory epithelium, Hap
promotes adherence and mediates bacterial aggregation. SLPI then encourages infection instead of
preventing it (11, 26).

E: Hap and possibly other factors mediate bacterial aggregation into epithelial cells and subepithelial
space, providing the bacteria protection against the host's immune response. Hi can take up iron and

heme, which allows Hi to stay alive in the respiratory mucosa despite nutrient deficiency.

F: When the concentration of SLPI is low, Hap is autoproteolysed, which causes Hi to spread
throughout the respiratory tract (11). IgA1 protease, phase variation and antigen drift can make Hi
invisible to the host’'s immune response. In colonization, Hi gets past IgA1 that is secreted by the
respiratory epithelium to prevent adherence and invasion of bacteria with IgA1 protease that
inactivates IgA. It has been shown that Hap can induce microcolony formation if point mutation is in
the gene. This is possibly a contributor to Hi ability to stay in the nasopharynx and survive the attack of

protective factors secreted by the respiratory epithelium (11, 35).
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1.2.4 Capsule virulence

The capsule of Hi serves as an important virulence factor. Capsule material can act as interference to
binding of opsonizing antibodies and complements to the bacterial surface. Polysaccharides in the
capsule provide it with strong negative charge that can be electrostatically repelling for phagocytic
cells (8).

The cap gene locus codes for capsule formation in Hi. The locus is made up of three regions, region |
and region Il are similar between serotypes, they are necessary for processing of the capsule content
and exporting to the surface. Region Il contains genes that take part in the biosynthesis of

polysaccharides and is variable between serotypes (11).

1.2.4.1 Increased virulence due to partial deletion of 1IS1016-bexA
A group of capsulated Hi have IS7076 insertion sequences inside the cap gene locus (36). Insertion
sequences are small DNA fragments capable of inserting at various sites in a chromosome, making

certain events more likely to occur in the bacterial chromosome (37).

The cap gene locus is commonly duplicated in Hi. Tandem duplication of the cap locus in Hib is
characterized by a partial deletion of the other bexA gene that contains an IS7076 insertion sequence;
IS1016-bexA (Figure 2). In homologous recombination on these loci, two events can occur.
Homologous recombination causes one of the cap gene loci to be deleted because of specific
recombination events. The cap gene locus that remains contains a partial deletion of IS1076-bexA and
cannot produce a capsule. These strains are named with a minus sign after their serotype, for
example Hib-. The other event that can occur is that the presence of IS1076 in homologous
recombination can lead to additional cap gene loci being expressed in the cell. Additional cap gene
loci mean the bacterium produces more capsule, leading to even more resistance to the hosts immune
defenses (11, 36, 38).

Partial deletion of IS71016-bexA has also been noted in invasive strains of serotype a, e and f (38,
39). There are indications that these strains are more virulent than other strains of the same serotype.
The epidemiology of these strains needs to be studied because the eradication of Hib following

vaccination can possibly influence the frequency of these strains (39).

Rd sec 97 Trascated . Rd sec 97
8230-8153 Region | Region 11 Regaon 111 Region | Region [l Regoom 11 7400.7521
N B - —— ! — . — —_—
' -, — e | > B —— > e
best bex bosd besd bosA bosB onf3 Besl bes? bes? hoxd hesA hesB orf3 151016
' l
4 ]
ﬁ,} o Iy : e o <
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J
ISI1016 ~ bexA
deletion

Figure 2. Cap gene locus in Hib where the whole locus is duplicated except a partial deletion of the
first bexA gene (36).
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1.3 Antibiotic resistance
Penicillin-binding proteins (PBPs) are crucial for bacterial cell wall synthesis, beta-lactam antibiotics
bind to the PBPs resulting in cell death (40). The frequent use of beta-lactam antibiotics has resulted

in Hi developing resistance to beta-lactam agents (41).

Resistance to beta-lactam antibiotics can occur for one or more of the following reason: 1) A
change in PBPs causing an altered target with less or no binding to the antibiotic; 2) A change in outer
membrane porins resulting in limited ability of the drug to penetrate across the membrane and to the
PBPs; 3) Bacteria produce one or more beta-lactamases enzymes that inactivate the beta-lactam
molecules with hydrolysis. Plasmid encoded beta-lactamase like TEM-1 and ROB-1 are usually the
reason for beta-lactam resistance in Hi. Those isolates are called beta-lactamase positive ampicillin
resistant (BLPAR) (41, 42). These strains are normally resistant to ampicillin and amoxicillin but are
susceptible to beta-lactamase inhibitor combined with beta-lactam antibiotic such as amoxicillin with
clavulanic acid (41). The most common resistance mechanism in the beta-lactam negative ampicillin
resistant (BLNAR) category is due to a mutation in the fst/ gene that leads to a change in the PBP3,
making Hi less susceptible to penicillins and cephalosporins (42). Some beta-lactamase producing Hi
are resistant to amoxicixillin/clavulanic acid (BLPACR), which is most likely due to a combination of
the mechanisms behind the BLPAR and BLNAR (40, 43).

Though resistance to beta-lactam antibiotics is the most common type of resistance among Hi,
resistance or lower susceptibility to azalide, ketolide, macrolide, tetracycline and quinolone has been
described in several cases. Epidemiological changes of Hi call for continued surveillance of

susceptibility to antibiotics (44).

1.4 Epidemiology of Hi

1.4.1 Importance of surveillance
Epidemiologic surveillance of Hi is very important, especially to monitor if serotype replacement occurs
as a result of the Hib vaccination (45). Knowledge of which serotypes cause diseases and their

prevalence makes it possible to assess if new preventive measures are necessary (46).

1.4.2 Carriage in children

Hiis a member of the commensal flora of the human nasopharynx in both children and adults (11, 47).
Prevalence of Hi colonization varies, according to different studies (Table 2). Carriage of Hi is highest
in children and much lower or non-existent in adults. The time of carriage of one genotypically distinct

strain varies from two weeks to five months (48).

In Table 2 the results of nasopharyngeal carriage in children attending daycare centers (DCCs)
from four different studies are listed. The Hi isolates in the Japanese study were not serotyped and
none of the children had been vaccinated against Hib (49). A recent Icelandic carriage rate study
showed a high carriage rate, 62% of children attending DCCs carried Haemophilus spp. in the year
2012 (50) (Table 2), results of further analyses of these isolates will be presented in this thesis.

Carriage rates might possibly vary between similar studies due to frequent antibiotic use, children’s
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surroundings and seasonal changes (51). Capsulated isolates are in general uncommon in
nasopharyngeal carriage. Serotypes e and f are the most frequent capsulated strains found in

carriages according to several studies, (51, 52).

Table 2.The results of nasopharyngeal carriage in children attending DCCs in four countries.

Country % of NTHi % of capsulated Citation
Brazil 23 other than Hib: 8 (51)
France 40 other than Hib: <1 (52)
Japan 47 of both NTHi and capsulated Hi (49)
Iceland 62 of suspected Hi (50)

The effect of 7-valent pneumococcal vaccination on Hi nasopharyngeal carriage has been
examined by van Gils et al. in the Netherlands. Their findings showed no difference between the
nasopharyngeal carriage of Hi in vaccinated and unvaccinated children during the first two years of life
(53).

1.4.3 Otitis media

There are three main classifications of otitis media. Acute otitis media (AOM) is defined as the
presence of middle ear effusion along with the rapid onset of one or more symptoms of inflammation
like otalgia, otorrhea, irritability and fever. Otitis media with effusion (OME) is when there are no signs
of acute infection in the ear but fluid present in the ear. Chronic suppurative otitis media (CSOM) is

when there is chronic inflammation (six weeks to three months) in the middle ear and discharge (54).

AOM is a common childhood infection and a frequent cause for pediatric visits and antibiotic use.
Children are at the most risk for AOM because of their immature specific immune system and because
their Eustachian tubes are smaller and more level than those of adults. Around 80% of children in USA
have experienced at least one episode of AOM by three years of age (54). NTHi are the leading cause
of AOM in children after pneumococcus and account for 25-35% of all AOM in children.
Nasopharyngeal colonization is the precursor of otitis media and children who are frequently colonized
with NTHi are more likely to get AOM. Along with colonization, other risk factors for AOM, include,
DCC attendance, male gender, passive smoke, having an otitis prone sibling and a previous viral
infection. When comparing clinical manifestations of NTHi to pneumococcus it has been noted that
they are different. NTHi are less likely to cause fever and discharge from the ear; however, the
symptoms are insufficient to distinguish between the bacteria. Therefore obtaining a culture of middle
ear fluid is the only way to determine what bacterium is causing AOM. When a child has more than
four episodes of AOM in one year or has middle ear effusion eight months of the year it is classified as
otitis prone (7, 35). Studies have shown that NTHi is a frequent cause of repeated AOM. Insertion of

tympanostomy tubes is the most effective treatment for repeated AOM (55).

Almost all Hi found in AOM are NTHi. Therefore the start of vaccination against Hib had no visible
effect on the prevalence of AOM due to Hi (54). Since 2000, most infants in USA received a 7-valent

pneumococcal vaccine. Studies comparing the pathogen distribution before and after the initiation of
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the vaccine effect showed an increase in the proportion of AOM caused by NTHi while AOM due to

pneumococcus was significantly lower, as was expected (56, 57).

1.4.4 Invasive infection caused by capsulated Hi

Before vaccination against Hib began in the late 1980s, infections due to Hib were as high as 93-96%
of all Hi infections in children in Scandinavia, UK and USA (58-60). In Iceland before the initiation of
the Hib vaccination in 1990, the overall incidence of invasive Hib infection was 6.4/100.000/year (60).
Children under five years of age are at a greater risk of getting Hib infection because of their immature
immune response to polysaccharides. This can clearly be seen when the rate of invasive Hib disease
is viewed by age (Table 3) (60). In Iceland the age specific incidence of invasive Hib disease for the
years before the initiation of the Hib vaccination, 1983-1989 the incidence of Hib disease among
children under the age of one was 109/100.000/year, but only 41/100.000/year among children from
one to five years of age (Table 3) (60).

Table 3. Age of patients with invasive Hi infection the year 1983-1989 in Iceland (60).

Hib Non Hib*

Age Cases per 100.000 Cases per 100.000
9 n population per year n population per year
<1 32 109,0 2 6,8
1t05 6 41,1 1 0,7
6 to 20 5 1,1 2 0,5
21-40 1 0,2 1 0,2
41-60 4 1,3 2 0,6
>60 5 2,2 6 2,7

* Non Hib includes NTHij and all serotypes except b

In a summary on worldwide data from 1970-1990 on Hib infection that affected the neurological
system and normally sterile sites, the age-specific incidence among children under the age of five was

71/100.000/year. The age-specific incidence was much lower among adults, only 3/100.000/year (61).

Aboriginal populations tend to have increased susceptibility to invasive disease caused by
capsulated bacteria and also a lower immunization effect. The reasons are not well understood, but
both genetic and environmental factors have been speculated in previous studies. In the pre-Hib
vaccine era, Hib infections in Navajo and White Mountain Apache children were three to five times
more common compared to rates in other children in the US population. Post-vaccination the rates
among Navajo and White Mountain Apache children under the age of two decreased but still remain
up to twenty times higher than in other children in the US (59).

After the initiation of the childhood Hib vaccination, Hib carriage and infection has almost been
eliminated in countries where the vaccine is in routine use. By the year 2006, children in approximately
108 countries, mainly in the developed countries were vaccinated, representing 55% of all the children
in the world (4).
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International cooperation to monitor the effect of Hib vaccination on other invasive Hi disease was
started in 1996 (6). Their findings were published in a large European study on invasive Hi disease
from the years 1996-2006. All 28 countries included in the study had vaccination programs against
Hib. Invasive disease due to other encapsulated Hi than Hib were very low, with an annual incidence
of only 0.036/100.000. Serotype e caused 21% and serotype f 72% of these infections throughout the

study period. A total of 44% of these cases occurred in people over 65 years of age (6).

The maijority of serotype a invasive infections occur in young children. Similar to Hib, invasive
isolates of serotype a with the IS71076-bexA partial deletion have been documented (39, 62). Incidence
of serotype a invasive infections is low in Europe. The highest incidence is seen in children under the
age of five and the incidence has been reported as 0.012/100.000/year (6). However, age specific
incidence for the years 1991-2003 among Apache and Navajo children less than five years was
25/100.000/year. Hib vaccination was widespread in Alaska since 1992, and no increase of invasive
infections caused by serotype a was found in this population and similar ones after the introduction of
Hib vaccine (39, 62).

Serotype ¢ and d are the serotypes of Hi that most seldom cause disease in Europe and results
showed that these serotypes mostly effect the adult population (6). This is in accordance with an
American study showing that three of seven serotype ¢ and four of six serotype d invasive Hi
infections were in persons 18-64 years of age (63). According to the previously mentioned European
study, the mortality of invasive Hi infections caused by c and d is the lowest among all the serotypes,
suggesting that these serotypes are not as virulent as the others. The combined case fatality rate of
invasive infections due to other serotypes than b is 9%. This number is possibly affected by the fact

that serotypes other than b often infect people with immune suppression (6).

An Icelandic study on invasive infections due to Hi spanning 25 years showed that serotype f was
the most common capsulated Hi after Hib (Table 4). The most common type of infection before the
initiation of the Hib routine childhood vaccination (1989) was meningitis, mostly caused by Hib (Table
4) (60).

The current rate of non-Hib infections is much lower than the rate of Hib disease was before the
introduction of the Hib vaccine, and infections caused by non-Hib did not increase after the vaccination
against Hib (58).
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Table 4. Diagnosis, serotype and time interval of infection due to Hib and non Hib in Iceland (60).

Serotypes (1983-2008) 1983-1989 1990-2008
Diagnosis , H. Non Un- , Non .| Non
b f | NTHI |  para- b | certain| " | Hb | 7P| Hib
influenzae
Pneumonia 12 6 16 4 9 4 3 24
Meningitis 58 3 1 55 2 3 2
Bacteremia 16 2 16 3 14 5 2 19
Epiglottitis 4 1 4 1
Cellulitis 10 2 1 1 1 10 1 4
Osteomyelitis
or septic 10 1 1 9 1 2
arthritis
Other 5 1 6 2 3 1 2 4 10
Dlagn03|s not 8 1 2 7 1 3
available
Total 3/123(2|1(1|14| 40 7 3 8 109 14 14 65

1.4.5 Invasive infections caused by NTHi
NTHi was not a common cause of invasive disease before widespread use of the vaccination against
Hib (59). The Advisory Committee for Immunization Practices in USA has recommended Hib

vaccinations since the beginning of the year 1991 (64).

After the adaptation of routine vaccination for Hib, NTHi became the most common of all Hi to
cause invasive infections (59). Out of all invasive Hi infections in the US reported to the Active
Bacterial Core surveillance (ABCs) in the year 1989, only 17% were caused by NTHi but by 2008 they
had increased to 68%. It is important to bear in mind that the annual incidence of Hi invasive infection
decreased by 65% during the course of the study (4.4/100.000 down to 1.5/100.000) (65). The annual
mean incidence of NTHi invasive infection in Europe 1996-2006 was 0.15/100.000 (6). An increase in
NTHi invasive infection among people over 65 years of age has been reported but the rate of all Hi

infections has not reached rates like those seen with Hib before vaccination (6, 65).

In Iceland the annual incidence of invasive infection due to other than Hib before vaccination
against Hib was 0.9/100.000. After the vaccination started (1990-2008) the annual incidence
increased to 1.2/100.000, this increase is not statistically significant. In 40 out of 59 cases, NTHi was
the cause of the invasive infection (60). NTH/ tends to affect different age groups than Hib. The
incidence of NTHi invasive infections is the highest among newborns and people over 65 years of age.
Immune suppression or chronic conditions are often a preexisting condition in populations that
develop NTHi infections (6, 60). Pregnant women are significantly more likely to have NTHi
bacteremia than other women in the same age group, most likely due to the immunosuppressive
effects of pregnancy (6, 66). The Icelandic study showed the incidence rate of invasive Hi disease
among pregnant women to be 9.2/100.000/year while the rate among non-pregnant women was only
0.4/100.000/year (60).
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1.5 Vaccine development

1.5.1 Vaccine against Hib

In 1931 Avery and Goebel described how linking polysaccharides from bacteria to a protein resulted in
an increased immune response against the bacteria (67). Antigens made in response to protein
carrying the polysaccharide induce the helper T cell. This results in T cells signaling to carbohydrate-
specific B cells which leads to a good immune response and immunological memory against the
polysaccharide part of the vaccine (58, 68). Because young children have poorly developed B cell
immunity, this discovery by Avery and Goebel has made it possible to develop many effective

polysaccharide-conjugated vaccines, providing protection to vulnerable populations (58).

In the 1970s the first vaccine against Hib was licensed (58). It was a polysaccharide vaccine
without conjugation to a carrier protein. Immune response in children under 18 months showed lack of
protection, leaving the age group with highest Hib disease rate unprotected. This vaccine was in
overall 50%-60% effective. The first licensed conjugated vaccine against Hib had polyribosyl ribitol
phosphate (PRP) conjugated to diphtheria toxoid (PRP-D). This vaccine proved to be 87% effective
after 3 doses in a childs first year of life (69). Today there are three licensed vaccines against Hib:
PRP-T, which has PRP conjugated to a tetanus toxoid; HbOC, which has PRP conjugated to a
mutated toxin (CRM197) from the Corynebacterium diphtheria; and the PRP-OMP, which has PRP
conjugated to an outer membrane protein of Neisseria meningitidis group b. Comparison of the

antibody responses after three doses of the vaccines showed PRP-T had the highest response (58).

1.5.1.1 Vaccination against Hib in Iceland

Results of a Finnish study published in 1987 (70) were the main rationale for vaccination against Hib
in Iceland. The results showed 87% protection against Hib disease in children less than 12 months of
age after they had been vaccinated with three doses of PRP-D (ProHIBIT, Connaught, Ltd).
Vaccination in Iceland was initiated in 1989, and other nearby European countries, aside from Finland

initiated their vaccine program 2-4 years later (68, 69).

It is possible to administer Hib vaccine along with other vaccines. Currently, children in Iceland are
vaccinated with the Pentavac® vaccine which contains vaccines against pertussis, diphtheria, tetanus,
Hib and polio. Administration occurs at 3, 5 and 12 months of age and each dose contains 10 ug of

PRP conjugated to a tetanus toxoid (71).

1.5.2 Vaccine against NTHi

There is a basis for vaccination against NTHi. Up to 35% of all AOM is caused by NTHi. They are also
commonly found in purulent secretions in people who suffer from chronic obstructive pulmonary
disease (COPD) and cystic fibrosis. These patient groups would benefit most from vaccination against
NTHi because their quality of life is greatly affected by NTH;/ infections. Genetic diversity and antigen
drift of NTHi has made it difficult to find a common antigen to use against the majority or all NTHi in a

vaccine (14). Protein D from Hi was chosen to be a conjugate for 10 pneumococcus serotypes
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(Synflorix) because it is located on the surface, is well-preserved, has limited antigenic drift and is a
virulence factor. Other important reason was the results of Prymula et al. when studying the effect of
11-valent pneumococcal vaccine that contained protein D showed the vaccine efficacy against Hi
AOM to be 35% (14, 72). van der Berg et al. recently published results on the effect of 10-valent
pneumococcal vaccine with Protein D from Hi conjugate on nasopharyngeal colonization of NTHI.
Their results showed no significant difference in NTHi nasopharyngeal colonization compared to
carriage of children vaccinated with 7-valent pneumococcal vaccine (73). All children born in Iceland
after January 1% the year 2011 are vaccinated against 10 pneumococcal serotypes with the Synflorix
vaccine (71). Synflorix also contains the protein D conjugate, it will be interesting to follow the effects

of this vaccination on NTHi in the future (74).

1.6 Phenotypic methods for identification of Hi

Phenotypic methods to identify Hi are used in clinical microbiology laboratories around the world. The
process of identification takes 2-3 days, starting with culturing the sample on chocolate agar, which is
enriched with nutrients vital for Haemophilus spp. growth. Optimum temperature for growing
Haemophilus spp. is 37°C and growth can be induced with CO,. Under these conditions, growth

appears in 24 hours (1).

In Gram staining Haemophilus are identified as Gram-negative coccobacilli. When Gram staining is
done directly on a patient specimen, the pink background color can make it difficult to identify

Haemophilus because they fall into the background of the sample.

Haemophilus colonies on chocolate agar are small, soft and translucent. Capsulated isolates produce
bigger and slimier colonies. If colonies only grow on chocolate agar, smell and look like Haemophilus

colonies, the next step is to determine which Haemophilus species is present in the sample.

Factor test is used to examine isolates requirement of hemin, Nicotinamide adenine dinucleotide
(NAD) or both for growth. The growth in a solution of 0.5 McFarland is plated on plain agar that is
without nutrients. Factor disks, one containing hemin, one containing NAD and one containing both
hemin and NAD, are placed on the agar and incubated overnight at 35-37°C in O,. Growth around the
factor disks is examined (Table 5) (1). If no growth appears, the test is repeated in CO, because some

Haemophilus spp. require CO; for growth (75).

The majority of H. haemolyticus and H. parahaemolyticus produce beta-hemolysis. To identify
beta-hemolysis, the isolate is plated a 5% blood agar beside Stapylococcus aureus. The isolate gets
hemin from the blood agar and NAD from S. aureus. After one night in 35-37°C CO, the hemolysis is
examined. A clear zone around the Haemophilus spp. colonies on the blood agar means that the

isolate produces beta-hemolysis (1).
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Table 5: Identification of different Haemophilus spp. based on factor test and beta-hemolysis (1).

Species Hemin (X-factor) NAD (V-factor) Beta-hemolysis
H. influenzae + + -
H. haemolyticus + + +
H. parainfluenzae - + -
H. parahaemolyticus - + +

In Iceland, susceptibility tests on Haemophilus spp. isolates are done according to the European
Committee on Antimicrobial Susceptibility Testing (EUCAST) standard (76). Isolates resistant to
penicillin are checked for beta-lactamase with the Nitrocefin test (77). Nitrocefin is a Cephalosporin
substrate containing a beta-lactam-ring. A drop of Nitrocefin is placed on filter paper with a loopfill that
contains Haemophilus spp. growth. If the Haemophilus spp. isolate contains beta-lactamase, the

Nitrocefins beta-lactam-ring disrupts resulting in a color change from yellow to red (78).

1.6.1 Immunological serotyping methods

Serotyping of Hi is a simple and highly important tool for identifying which serotypes are present in
specific geographic areas and to evaluate the effect of Hib vaccination around the world (58).
Serotyping is commonly done with antisera in slide agglutination tests. The antisera can be polyvalent
or specific to one particular serotype. Suspension of Hi growth and antisera are mixed together on a
slide. When an antibody present in the antisera matches the serotype of Hi it binds to the capsule and
causes agglutination of the Hi cells. Agglutination is classified into six categories depending on the

appearance of agglutination on the glass slide (Figure 3) (79).
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Figure 3. Classification of results in slide agglutination test (79).

4+: all cells agglutinate and the background appears clear.
3+: around 75% of the cells agglutinate and the background appears slightly cloudy.
2+: around 50% of the cells agglutinate and the background appears cloudy.

1

+

: around 25% of the cells agglutinate and the background appears cloudy.
+/-: 25% or less of the cells agglutinate and the background appears fine-granulated

0 (saline): no visible agglutination. The solution remains unchanged (79).

Isolates are classified as capsulated when the agglutination appears 3+ or 4+ in two minutes.
Isolates are classified as non-capsulated when the agglutination appears 0, +/-, 1+ or 2+ with antisera

specific for serotypes a, b, c, d, e and f (79).

Limitations of the slide agglutination test do raise concerns. Despite the use of control isolates and
user manual, the test has been proven to give inconsistent results. Laclaire et al. found that 56 (40%)
of Hi isolates sent to the Center for Disease Control (CDC) were serotyped incorrectly when they
compared results from slide agglutination test to PCR results (80). The decline in Hib disease resulted
in laboratories performing the slide agglutination test less frequently, possibly one of the reasons for
misidentification along with the fact that different categories of agglutination make the test very
subjective (81). Troubles with non-specific agglutination or cross-reactions of some test kits have been
reported (82, 83). Bokerman et al. compared two different slide agglutination tests and one polyvalent
antiserum to PCR serotyping. The polyvalent antiserum proved least reliable, with 66% sensitivity and
92% specificity (83).
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1.7 Genotypic methods for identification of Hi

1.7.1 Analysis with PCR

Polymerase chain reaction (PCR) is a method that allows for the detection of specific DNA or RNA.
Substrate solution for the reaction contains isolated DNA, nucleotides, primers specific for the target
gene and a DNA polymerase with temperature optimum around 70°C. The substrate solution is placed
in a device that regulates the temperature in repeated cycles, resulting in amplification of the target
gene if the primers are correctly located (84, 85). The cycle is repeated until there is enough of the
amplified product (amplicon) if the target gene is present in the substrate solution to make it visible
with electrophoresis. With electrophoresis it is possible to see if the amplicon is present and compare
its size to DNA size markers. If the size of the amplicon and target gene match, the amplification was

successful (84).

1.7.2 Multiplex PCR

Having two set of primer in a substrate solution is called a duplex. More than two set of primer in a
substrate solution is known as a multiplex PCR. The advantages of a duplex or multiplex PCR are that
it enables the use of an inner control to prevent false negative results due to a PCR obstruction in the
substrate solution. Multiplex PCR is also less expensive and takes less time than using several
monoplex PCR (85).

Certain factors need to be considered when designing a multiplex PCR. Primers need to be
specific to the nucleotide sequence that is being examined so only the target sequence will be
amplified. The amplicons cannot be of similar size if differentiation between the products is done with
electrophoresis. Primers that are planned to be placed together in a multiplex PCR need to have a
similar design regarding their length, G/C ratio and melting temperature. Each primer pair is first tested
in a monoplex PCR to ensure that the amplification takes place at the selected temperature and the

amplicon is of the correct size (85, 86).

The possibility of non-specific binding of the primers and artifacts increases with each added
primer. Therefore a set of primer that work well in monoplex do not necessarily work with other primers
in multiplex. Common problems in multiplex PCR are primer dimers. This happens when primers pair
with each other and are amplified instead of the nucleotide sequence of the target gene. This also
causes competition between the correctly placed primers and the primer dimers for nucleotides and
use of the polymerase. This can sometimes be fixed with a Hot-start method, change of primers

concentration and adjustments of cycles and anneal temperature (85, 86).

If tests show non-specific amplification, there is a reason to try Hot-start PCR. Non-specific
amplification can happen when primers pair with each other and make primer dimers or the primers
pair non-specifically with an incorrect nucleotide sequence in the substrate solution before the first
cycle begins. To prevent non-specific annealing and activation of the polymerase in the beginning of
the PCR reaction it is possible to use a special Tag polymerase in a Hot-start. The polymerase does

not activate until the temperature has reached 95°C, so if the non-specific amplification is because of
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premature annealing of the primers the Hot-start should fix it. If it does not work then the primer

sequence needs to be reselected (85, 86).

1.7.3 Differentiation between Hi and H. haemolyticus with PCR

Several PCR methods to differentiate between Hi and H. haemolyticus have been developed. Among
genes that have been tried as a target for differentiation are IgA protease gene (iga) (87), lipo-
oligosaccharide gene (igtC) (88) and pilus gene (pilA) (74). Detections of the Protein D gene (hpd) and
fuculose kinase gene (fucK) have proven to be effective to distinguish between the two species

because H. haemolyticus should not have these genes in its genome (22, 89).

When both genes are present in the genome it is a strong indicator that the bacterium is Hi
because the genes are highly preserved in the Hi genome. In cases where only one of the two genes
is present, the bacterium is also considered Hi. Because of high horizontal gene transfer it is very
difficult to develop a PCR method that is 100% sensitive, but by using hpd and fucK together a more

reliable identification than a method with detection of only one of the gene is possible (21).

1.7.4 Serotyping of Hi with PCR

Falla et al. developed a PCR serotyping method for Hi. To identify if Hi had a capsule they designed a
primer pair targeting the bexA gene in region | of the cap gene locus that is present in all capsulated
Hi. All six serotype specific primers were designed from region Il of the cap gene locus, this region is
unique for each serotype (a-f). First the strains were tested in a duplex PCR with primers for the bexA
gene, serving as an inner control for a capsule and serotype b. This enabled identification of NTHi, b-
and b strains. The remaining strains were then tested with serotype-specific primers other than b in
monoplex PCR (90).

1.7.5 Real time PCR

Real time PCR is when the amplification of the target gene and analysis is done in the same machine
and at the same time. This method has an advantage over conventional PCR because it does not
require electrophoresis of the PCR amplicon, making it less time consuming and minimizing the risk of

contamination (85).

Real time PCR uses fluorescent probes or DNA dyes to detect amplification as it happens. The sooner

the machine detects color or fluorescence, the more of the target DNA is in the sample.

Wroblewski et al. recently designed a two-step real time PCR method for serotyping Hi. The bexA
primer they used was designed with regard to previously discovered deleted regions of the bexA gene
(81, 91). The primers were divided into two reactions. The first reaction had primers for the bexA gene
and serotype b. If the isolate was negative for both primers, it was determined as NTH;. Isolates
positive for bexA and serotype b were determined as serotype b. Isolates positive for bexA but
negative for serotype b were tested in the second substrate solution with primers for serotype a,c-f
(81).
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1.8 Methods for determining genetic similarity

Because NTHi needs to survive the environment of the human respiratory tract, it relies on selection
and clonal expansion of certain strains instead of regulatory systems that are commonly used by other
bacterial species (92, 93). This characteristic of NTHi calls for exploration if certain genotypes are
more prevalent than others. Frequent recombination of bacterial lineages in pneumococcus has
previously been associated with vaccine escape and resistance to antibiotics; therefore it is possible
that the same goes for NTHI, especially because of its ability to take up DNA from the environment
and integrate it into its chromosome (94). By comparing genetic information of different isolates, it is
possible to discover if a certain DNA fingerprint or type is more prevalent in certain groups of patients,

carriages or in a specific geographic area (94).

1.8.1 Pulsed field gel electrophoresis

Genetic relatedness can be assessed with Pulsed field gel electrophoresis (PFGE) where restriction
enzymes cut the bacterial genome into variously sized DNA molecules (95). Conventional
electrophoresis cannot precisely resolve DNA molecules larger than 40-50 kilobases because of their
size independent co-migration (96). For electrophoresis of various sized DNA molecules, contour
clamped homogeneous electric field electrophoresis was developed. It is based on periodically
changing the direction of the electric field and therefore the direction DNA molecules move in the gel.
Because small DNA molecules need less time to reorient than big DNA molecules, a gradual time
increase of the electrophoresis from each direction (ramping) enables the separation of DNA

molecules that have a wide variety of sizes (kilobase to megabase).

When preparing DNA for PFGE the aim is to get an intact chromosome with the right concentration
and quality so the band patterns are well identifiable after electrophoresis. The protocol for DNA
preparation is different depending on bacteria species. For instance, conditions for lysis are not the
same for Gram-negative and Gram-positive bacteria (85). Restriction enzymes are selected with
regard to suitable frequency of the restriction enzymes recognition sites in the chromosome of the
bacteria. Smal is the most commonly used restriction enzyme for Hi. The choice of the changing
electrophoresis condition depends on the size of DNA molecules that are being separated. It is
important to place a size ladder in the agarose gel to make it possible to estimate the size of DNA
molecules. It is also common to use well-known bacterial genomes as a size standard, making the
size calculation more accurate if the fragments have the same or a larger range of sizes as the
bacteria being tested (85, 97).

Interpreting the band patterns and similarity between strains is usually done with the help of computer
programs. Strains that have the same band patterns are classified as the same strain. The more

differences there are between band patterns of strains, the less related they are (97).

1.8.2 Multi locus sequence typing
Multi locus sequence typing (MLST) is a method based on the sequencing of well-preserved
“housekeeping” genes (98). For Hi these genes are seven, adenylate kinase (adk), glyceraldehyde-3-

phosphate dehydrogenase (afpG), fumarate reductase iron-sulfur subunit (frdB), fuculose kinase
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(fucK), malate dehydrogenase (mdh), glucose-6-phosphate isomerase (pgi) and recombinase-A
(recA). Each unique sequence of these genes is assigned an allele number in order of discovery.
Every isolate has a seven-figure number (allelic profile) and from that is given a sequence type (ST).
Very closely related isolates have the same ST or ST that have little difference between their allelic
profile hence; isolates that are unrelated have unrelated ST. The main advantage of MLST compared
to PFGE is that it provides unambiguous results so comparison between study facilities around the

world is possible through an online database (99).

1.8.2.1 MLST on Hi

A number of studies have used MLST to examine the genetic relationship between Hi strains.
Samples were collected from children in New York, US at 9, 12, 15, 18, 24 and 30 months old and if a
child was diagnosed with AOM a sample was collected. MLST was conducted on 165 NTHi isolates
from 73 children, and 70 different ST were found. The same ST was found in the ear of a child with
AOM (37 children) and their nasopharynx in 84% of cases. When viewing STs from different time

points, 85% of the NTHi isolates had disappeared after 3 months (47).

Erwin et al. examined all the MLST of Hi that were in the online database in the year 2006 (a total

of 195 different ST of NTHI). Their results indicated that NTH/ did not show a clustering of genetic
content by clinical isolation or geography, however, the capsulated Hi did show serotype-specific
phylogenetic groups (24).
LaCross et al. found 109 different ST in 170 NTHi isolates from children with AOM and isolates from
the nasopharynx of healthy children from three countries (Finland, Israel and US). The ST found were
divided into clonal complexes where the ST had to be identical in at least six of the seven MLST loci to
be in the same clonal complex. The biggest clonal complex only had 5 ST, containing both isolates
from carriages and otitis media from various geographic areas. All available NTHj ST in the online
MLST database (537 at the time) were analyzed into clonal complexes. The largest clonal complex
that formed only consisted of 19 different ST, further validating previous reports on the great genetic
diversity of NTHj (100).

1.8.2.2 PFGE and MLST on Hi

There is no agreement between studies on which is better, PFGE or MLST. There are studies that
reveal similar resolution given with MLST and PFGE, some studies reveal that MLST has less
discriminatory power than PFGE and others reveal that MLST has more discriminatory power. This
can depend on which genes are used in the MLST scheme and which restriction enzyme is used in
PFGE; but because MLST does not catch the whole genome, PFGE can be considered to have more
discriminatory power than MLST in those species that have a great amount insertion sequences, gene

islands and other mobile elements (101).

There is limited amount of studies using both PFGE and MLST on the same Hi isolates. A total of
95 Hi isolates from Spanish patients with community acquired pneumonia were divided into 47 PFGE
patterns, 21 PFGE clones were formed containing 2-15 isolates and 26 isolates were genotypically
unique. MLST was done on all 95 isolates giving 67 different ST. Identical PFGE patterns had the

same ST. Isolates classified in the same PFGE clone did not always have the same ST (102). A
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similar study was conducted on invasive isolates from Manitoba, Canada. Out of 20 NTHi isolates they
found three PFGE clones, containing two isolates each. MLST of the 20 isolates revealed 18 different
ST (103). Among nine NTHi isolates that caused meningitis in Italy from 1997-2006, there were no
clonal formations even though two isolates came from the same hospital within one month. Each of
the strains had a different ST (104). A total of 28 invasive NTH;/ isolates from Arkansas, US in 1993-
2001 were analyzed with MLST. Interestingly, four separate pairs of isolates did share alleles in five
out of seven genes. PFGE was performed on these eight isolates, confirming their close genetic
relationship. Two pairs were identical and the other two had <3 bands difference. No relationship

between the infected patients was found that could explain the similarities (105).
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2 Objectives

The Synforix 10-valent pneumococcal vaccine uses protein D from H. influenzae as a conjugate. It has
been a part of the childhood vaccination program in Iceland since the beginning of the year 2011. The
effect of this vaccine on the genetic diversity of H. influenzae is unknown. This thesis will create a

baseline on the diversity of H. influenzae before the vaccine effects take place.

The percentage of H. haemolyticus, capsulated and noncapsulated H. influenzae, in children
attending DCCs is unknown in Iceland. Furthermore, genetic diversity of H. influenzae has also not

been studied in Iceland.
Therefore the objectives of this thesis are to:

* Compare the percentage of H. haemolyticus in children attending DCCs in the capital
region of Iceland in 2012 to results from disease causing isolates identified in clinical
samples sent to the Department of Clinical Microbiology in 2012.

* Compare the percentage of capsulated H. influenzae, within the same groups.

* Develop a PFGE method and use it to examine the genetic diversity of H. influenzae in
selected isolates from children attending DCCs in 2012 and disease causing isolates
identified in clinical samples sent to the Department of Clinical Microbiology in 2012.

* Use MLST on selected isolates that represent clusters of genetically related isolates found

with PFGE and compare the MLST results to results from laboratories around the world.
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3 Materials and methods

3.1 Isolates

Hi isolates were obtained from clinical samples sent to the Department of Clinical Microbiology in
2012. All Hi isolates that were considered disease causing, a total of 521 Hij isolates were stored. A
total of five were dead and five could not be found. All remaining 511 isolates were included in this

study.
Nasopharyngeal samples from 465 children attending 15 DCCs in the Reykjavik capital region

were collected in March of 2012. Samples were collected from five DCCs in Hafnarfjordur, five in
Kopavogur and five in Reykjavik. The DCCs were marked in alphabetic order from A to O. Suspected
Haemophilus spp. were found in 62% of the samples. Two isolates were found in 10 samples giving a
total of 301 isolates. A total of five were dead or not found, leaving 296 isolates to be identified, 10

turned out not being Hi, giving a total of 286 Hi isolates.

Reference strains used for method development and control are listed in Table 6 and 7. Information
on the number of isolates from each specimen type and the age of the subjects whose isolates were
analyzed with PFGE are listed in Table 8 and 9. All isolates were frozen in tryptose-glycerol freezing
medium (Difco Laboratories, USA) at -80°C.

Table 6. Isolates used for development of the method to differentiate between Hi and H. haemolyticus.

Species Isolates number

Haemophilus parainfluenzae 070322-0075"

Haemophilus influenzae serotype b 070322-0082"

Haemophilus influenzae serotype f | 090414-01 19’

Haemophilus haemolyticus 120605-0009°

'Isolates from the Department of Clinical Microbiology collection.
%|solate grown from patient throat sample.
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Table 7. Reference strains used for development of the serotyping method.

Serotype | Reference strain
a ATCC 9006'

b ATCC 10211'

c ATCC 9007"

d HK-6447

e ATCC 8142

f ATCC 9833’

b- Fb 7132

NTHi NCTC 11315’
NTHi ATCC 49247"

! Strains from the Department of Clinical Microbiology collection.
2 Reference strain from the Aarhus University.

Table 8. Specimen type of isolates, number of available isolates from 2012, proportion that was
analyzed with PFGE and proportion of each specimen type analyzed with PFGE.

Number of Number of % of PFGE
. . isolates analyzed isolates % of all PFGE

Specimen type available lvzed " h isol =303

isolates analyze rom_t e same isolates (n=303)

with PFGE specimen type

Abscess 1 1 100 0.3
Blood 2 2 100 0.7
Bronchial 25 2 8 0.7
aspirate
Ear 257 110 43 36
Nasal smear 12 1 8 0.3
Nasopharyngeal 46 9 20 29
Nasopharyngeal
DCC 287 144 50 48
Sinus 10 4 40 1.3
Sputum 129 23 18 7.6
Tissue 1 1 100 0.3
Tracheal aspirate 22 5 36 1.6
Women genital 2 1 50 0.3
Total 794 303 38 100
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Table 9. Age of subjects whose isolates were analyzed with PFGE.

Age of subjects
. . Number of

Agegroup of subject and specimen type isolat age

Isolates . average | range

median

Isolates from clinical samples adults >18 36 61 59 21-94
Isolates from clinical samples children under <18 123 1.9 2.2 0.3-12
Isolates from clinical samples children age 1.5-6.5 44 25 3 2-5
Isolates from children attending DCCs 144 2.6 4 1.5-6.2

3.2 Polymerase chain reaction (PCR)

3.2.1 DNA isolation for PCR

Isolates were grown on chocolate agar plates (Oxoid, Hampshire, UK) and incubated at 37°C in 5%
CO; overnight. Two to five colonies were suspended in 500 pl of 5% Chelex 100® (Bio-Rad
Laboratories, Hercules, CA, USA). The suspension was heated for 10 minutes at 100°C and then
centrifuged at 14000 rpm for 10 minutes at 4°C. Around 200-300 pl of the supernatant containing the
bacteria DNA was stored at -80°C until used in PCR.

3.2.2 PCR for differentiation between Hi and H. haemolyticus

The author had previously developed the method used for differentiation of Hi and H. haemolyticus
(106). Primer specific for the hpd gene coding for protein D in Hi (107) and primer specific for the fucK
gene coding for fuculose kinase in Hi (107, 108) were used together in a duplex PCR (Table 10). The
method was tested on isolates (Table 6) and done on all 511 Hi isolates obtained from clinical

samples and all 296 suspected Haemophilus spp. carriage isolates.

Table 10. Primers used in the PCR assay for differentiation of Hi and H. haemolyticus and sizes of
their amplicons.

Primers Sequence (5'-3") Amplicon (bp) Citation
fucK2-f ATG GCG GGA ACATCAATGA 266 (107)
fucK1-r AAG ATT TCC CAG GTG CCA GA (108)

hpd#1-f GAT TGG AAA GAA ACA CAA GAA AAAG
hpd#1-r CAC CAT CGG CAT ATT TAAC CA

112 (108)

3.2.3 Phenotypic analysis of suspected Haemophilus isolates

Carriage isolates negative in PCR for differentiation between Hi and H. haemolyticus were tested with
phenotypic methods. Isolates were grown on chocolate agar plates (Oxoid) and incubated overnight at
37°C in 5% CO,. Factor requirements for growth were examined with V, X and XV factor disks (BD
BBL™ Taxo™, MD, USA) The disks and culture (0.5 MacFarland in saltwater) were placed on plain
agar (Oxoid) and grown overnight in at 37°C in 5% CO,. To establish if the isolate produced

hemolysis, the isolate was grown overnight at 37°C in 5% CO, on blood agar (Oxoid) next to
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Staphylococcus aureus. In two isolates the suspected Haemophilus colonies were hard to isolate from
other bacteria of the nasopharynx. The growth was replated on chocolate agar (Oxoid) and Bacitracin

(BD BBL™ Taxo™) disks were placed next to the growth.

3.2.4 PCR assay for serotyping Hi

The author had previously designed a multiplex PCR method for serotyping Hi (Table 11) with
reference strains (Table 7) (106). This method was used on Hi isolates obtained from clinical samples.
Isolates from the nasopharynx and nasal swabs (n=58) were excluded from serotyping because of

uncertainty if they were disease-causing isolates.

When serotyping the carriage isolates (n=286) primers specific for the bexA gene (Table 11) were
used in duplex PCR with either fucK or hpd primers as internal control (Table 10). The bexA gene is
present in all capsulated strains (90). When a strain showed the presence of the bexA gene the isolate

was further analyzed with serotype specific primers (Table 11).

Table 11: Primers used in the PCR assay for serotyping Hi.

Amplicon

Citation
(bp)

Reaction | Serotype | Primers Sequence (5'-3")

GCA ACCATC TTACAACTT AG
a AcsA-fir 77 (81)
CGG TGTCCTGTGTTT AG

GCG AAA GTG AAC TCT TAT CTC
b b1/b2 481 (90)
CTTACGCTTCTATCTCGGT

TGATGA CCG ATACAACCTG

d d1/d2 166 (90)
TCC ACT CTT CAAACC ATTC
bexA CGT TTG TAT GAT GTT GAT CC
inner Hi-1/Hi-2 340 (90)
control CCA TGT CTT CAA AAT GAT G
TCT GTG TAG ATG ATG GTT CA
c cl/c4 146 (90)
I TCA ATG AAA GTA ACC CAT TC
EcsC2- | CAC ACT ACC TTT TGA GAA GAG *
e 209
F/EcsC-R | TAG TTT GAA AGA ACC CTC TG (81)
CCT GAAATT TGC TATTAC TTTA
f FcsA-fir 94 (81)
GTG GTC TAT TTC CAT TCT CTT
bexA CGT TTG TAT GAT GTT GAT CC
inner Hi-1/Hi-2 340 (90)
control CCA TGT CTT CAA AAT GAT G

*New primer designed for this study.

3.2.5 PCR assay

Quick Load® Taq 2X Master Mix (New England Biolabs Inc., Ipswich, MA, USA) was used for all PCR
assays. Primers (TAG Copenhagen A/S, Copenhagen, Denmark) were diluted with Sigma water
(Sigma-Aldrich Co, St. Louis, MI, USA) to the final concentration of 0.5 pmol. Each 25 pyl PCR reaction
contained 12.5 pl Master Mix, 5 ul of DNA extraction, 1 ul of each primer and 6.5 pl Sigma water

(Sigma-Aldrich Co). When primer pairs were more than one, water was reduced so the total amount in
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each reaction was always 25 ul. PCR reaction was conducted in a 2720 Thermal cycler (Applied
Biosystems, Foster City, CA, USA). 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, after 30 cycles the final elongation temperature was 72°C for 5 minutes, then cooled to

4°C storage temperature.

3.2.6 Electrophoresis

PCR products were visualized by electrophoresis in 1.5% agarose gel (Sigma-Aldrich Co) in a sub cell
horizontal electrophoresis system (Bio-rad Laboratories, Inc., CA, USA) containing 0.5 x TBE buffer
(Tris-borat-EDTA). Each well was loaded with 6 pl of PCR product and 4 ul of 100 bp size ladder
(Quick-load 100 bp DNA Ladder, New England Biolabs Inc) was used as size marker.

Electrophoresis was at 120 V for 30-70 minutes, depending on the gel size. The gel was stained
with Ethidium bromide for 15 minutes destained for 30-40 minutes in distilled water and photographed

(Syngene, Cambridge, UK) under UV light and the photograph was then saved as a TIF file.

3.3 Pulsed-field gel electrophoresis

PFGE was done on 303 selected isolates from clinical and carriage samples, 38% of all available Hi
isolates from 2012. Almost every other Hi isolated from ears was analyzed with PFGE. Every other
nasopharyngeal Hi isolate available from children attending DCCs in 2012 were analyzed. Hi isolates
from other specimen types were systematically picked and all isolates from abscess, blood and tissue

were analyzed (Table 8).

The method for Hi PFGE was based on previously designed methods for Streptococcus pneumoniae
(109) and Legionella (110).

Briefly, Hi isolates were grown on chocolate agar overnight (Oxoid, Hampshire, UK). A single
colony was picked, re-plated on chocolate agar and incubated overnight. Bacterial growth was
suspended in PIV buffer and cell suspension adjusted to absorbance of 0.400-0.600 at 650 nm in a
spectrometer. After centrifugation the bacterial pellet was re-suspended in 200 pl TEN buffer, 150 ul of
the re-suspended bacterial pellet was then gently mixed with 150 ul of 1.5% Seaplaque® GTG®
agarose (Lonza, Rockland Inc., Rockland, ME, USA). Agarose disks (20 ul) were cast and incubated
in 1 ml EC solution with lysozyme (10 mg/ml) (Sigma-Aldric Co) and RN-ase (10 mg/ml) (New England
Biolabs Inc) at 37°C overnight. Then the agarose disks were incubated in 1 ml ES solution with
proteinase K (1 mg/ml) (Sigma-Aldric Co) at 37°C overnight and then washed four times with TE
buffer. The DNA in the disks was then digested with Smal restriction enzyme (10 U/ul) (Thermo Fisher
Scientific Inc., MA, USA) overnight at 30°C. The restriction enzyme was stopped with Gel Loading Dye
Blue 6X (New England BioLabs Inc).

Electrophoresis was performed in a 1.5% Seakem LE agarose (Lonza) for 23 hours at 6 V/cm with
pulsed time of 5 to 35 seconds. Lambda ladder PFGE marker (New England BioLabs, Inc) was placed

at each end and in the middle well of the gel for size references.

The gel was stained with Ethidium bromide for 15 minutes and destained for 3-5 days in distilled

water. The gel was photographed (Syngene) under UV light and the image saved as a TIF file.
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Band patterns were analyzed with BioNumerics (Applied Maths NC, Sint-Martens-Latem, Belgium)
and the similarity matrix calculated using the Dice coefficient with 1.5% band position tolerance and

0.5% pattern optimization. Dendrogram was drawn using UPGMA clustering.

The PFGE pattern of each isolate consisted of a mean of 11 bands. Because three band difference
can be caused by a single genetic event according to Tenover’s criteria (97) it was decided to group
isolates with 75% (8/11=72%, rounded up to 75%) similarity according to BioNumerics and <3 band
difference together in a PFGE clone. The PFGE subclones were given numbers according to band

difference and visual analysis so each PFGE subclone number represents a unique band pattern.

3.4 MLST

Isolates analyzed with MLST were chosen from the PFGE results. Isolates from large PFGE clones
containing isolates from different specimen types were chosen rather than isolates from smaller PFGE
clones containing one specimen type. Both isolates from blood were analyzed with MLST. The MLST
primers for the PCR and sequencing of the seven housekeeping genes were received from
http://haemophilus.mist.net (Table 12). PCR assay for amplification of the seven housekeeping genes
for MLST was conducted with denaturation temperature of 95°C for 4 minutes, then 30 cycles of
denaturation at 95°C for 30 seconds, annealing at 55°C for 30 seconds and elongation at 72°C for 60
seconds, after 30 cycles the final elongation temperature was 72°C for 10 minutes, then cooled to 4°C

storage temperature.

Gene sequencing was performed at Matis ohf in an ABI3730XL (Applied Biosystems), the data was

then analyzed in BioNumerics.

Table 12. Primers for MLST.

Primers Sequence 5'-3'

adk up/dn | GGT GCA CCG GGT GCA GGT AA
CCT AAG ATT TTATCT AAC TC
atpG up/dn | ATG GCA GGT GCA AAA GAG AT
TTG TAC AAC AGG CTT TTG CG
frdB up/dn | CTT ATC GTT GGT CTT GCC GT
TTG GCACTT TCC ACT TTT CC
fucK up/dn | ACC ACT TTC GGC GTG GAT GG
AAG ATT TCC CAG GTG CCA GA
mdh up/dn | TCA TTG TAT GAT ATT GCC CC
ACT TCT GTACCT GCATTT TG
pgiup/dn | GGT GAA AAA ATC AAT CGT AC
ATT GAA AGA CCA ATA GCT GA
recA up/dn | ATG GCA ACT CAA GAA GAA AA
TTA CCA AAC ATC ACG CCT AT
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3.5 Data analysis
Data was analyzed using Excel (Microsoft, Redmond, WA, USA). For statistical analysis, Fisher exact
was used and the p value of <0.05 was considered significant. Similarity between isolates was

calculated in BioNumerics.

3.6 Ethics

This study is a part of the Vice study — Effects of pneumococcal vaccination in Iceland. License

number from the Icelandic National Bioethics Committee: 13-010-S1.

44



4 Results

4.1 Differentiation between Hi and H. haemolyticus
All 511 available Hi isolates from clinical samples were tested with this method as a part of the

author’s diploma project. All the isolates were positive for fucK, hpd or both genes (Table 13).

Haemophilus spp. were suspected in 296 isolates from carriage samples. All isolates were identified
with the method for differentiating between Hi and H. haemolyticus. The genes fucK and hpd were
present in 286 isolates (Table 13). No amplification of either fucK or hpd was found in 10 of the
carriage isolates. The isolates were identified with phenotypic methods, one was H. parahaemolyticus,
one was H. parainfluenzae and the rest of the isolates were not Haemophilus spp.

Table 13. Presence of fucK and hpd genes in the Hiisolates from clinical samples and Hi isolates
from carriage samples.

Hi isolates from clinical samples Hi isolated from carriage samples
Gene - % - %
fucK 32 6.3 17 5.9
hpd 12 23 3 1.1
fucK and hpd 467 91.4 266 93
total 511 100 286 100

4.2 Serotyping of Hi

Part of the author’s diploma project was developing a serotyping method using seven reference
strains (Table 7). The method (Table 11) was then used to serotype isolates from clinical samples.
Nasal and nasopharynx isolates among the clinical samples were excluded, leaving 453 isolates

serotyped. All isolates were NTHI, except one serotype e isolate (0.2%).

PCR serotyping method was done on all 286 isolates from carriage samples positive for either fucK or

hpd genes.

All but five isolates from carriage samples were NTHi, two isolates were serotype e and three
isolates were serotype f. All three serotype f isolates were found in the same DCC but the two

serotype e isolates were found in two different DCCs (Table 14).

There was a significant difference (p=0.03) between the number of capsulated isolates from

carriage samples and isolates from clinical samples.
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Table 14. Number of capsulated Hi and NTHi isolates found among carriage samples and what DCCs
they were found in.

Serotype n DCCs %
1 from DCC B

e 2 0.7
1 from DCC J

f 3 DCCA 1.1

NTHi 281 All DCCs 98.2

Total 286 All DCCs 100

4.3 PFGE

Isolates with 75% similarity, according to BioNumerics and <3 band difference, were classified
together in one PFGE clone. A PFGE subclone number was assigned to identical isolates inside each

PFGE clones so that each unique band pattern got an individual number.

Of the 303 isolates analyzed with PFGE, 254 formed 72 PFGE clones and 49 were singletons or
16% of all the isolates. The full dendrogram can be found in Appendix | and I, and PFGE clone details

are in Appendix lll. Example of PFGE results are shown in Figure 4.
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Figure 4. An example of PFGE results. Wells number 1, 14 and 28 contain size references and all
other wells contain H/ isolates from clinical samples.
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4.3.1 Combination of specimen types in PFGE clones
Isolates from two different specimen types could be found in 35 PFGE clones and 10 PFGE clones
included isolates from three or more specimen types (Appendix IlI).

The PFGE clone with the highest number of isolates was PFGE clone 16; it contained 10 isolates
from carriage samples and four isolates from ear (Table 15). PFGE clone 16 was also the PFGE clone
that had the highest number isolates from the same specimen type, 10 isolates from carriage samples.
The PFGE clones with the highest number of ear isolates were PFGE clones 2, 5, 11, and 16, all with

four isolates each (Appendix IlI).

Only two Hi blood isolates were available from 2012; one of them was similar to a DCC carriage

isolate (78% similarity) forming PFGE clone 52 (Figure 5). The other blood isolate was a singleton.

229 DCC .52.01
e1 blood 52.02

Figure 5. PFGE banding pattern of two similar isolates, isolate 229 from DCC carriage and isolate e1
from blood.

Of the 303 isolates analyzed with PFGE 144 (48%) were isolates from carriages (nasopharyngeal
Hi isolates from children attending DCCs), 110 (36%) isolates from ear infections and 39 (13%)
isolates from other infections. 10 nasopharyngeal and nasal swab isolates sent to the Department of
Clinical Microbiology were also analyzed with PFGE 10 (3%) (Table 8).

In Table 15, PFGE clones with seven or more isolates are listed for comparison of the composition of
the specimen type in each PFGE clones and the composition of each specimen type of all PFGE

analyzed isolates.
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Table 15. PFGE clones with seven or more isolates, number of subclones, number of isolates of each
specimen type and the percentage of total in each PFGE clone.

- o
PFGE clone (n) | Number of subclones Specimen t_ype and number of % in PFGE
isolates clone
1(7) 2 Carriage 7 100
Carriage 6 55
5(111) 1 Ear 4 36
Other 1 9
Carriage 7 64
11 (11) 7
Ear 4 36
Carriage 3 42
14 (7) 4 Ear 2 29
Other 2 29
Carriage 10 71
16 (14) 4
Ear 4 29
Carriage 5 71
17 (7) 1
Ear 2 29
Carriage 5 50
Ear 3 30
19 (10) 4
Nasopharyngeal 1 10
Other 1 10
Carriage 1 14
Ear 3 43
23 (7) 6
Nasopharyngeal 1 14
Other 2 28
Carriage 3 43
72 (7) 6 Ear 3 43
Other 1 14

Statistic analysis was done on all clones containing seven or more isolates. PFGE clone 1 was the
only clone where all the isolates were from the same specimen type, it was only found in carriage.
This differed significantly (P=0.005) from the composition of all analyzed isolates (48% of the isolates

analyzed with PFGE were from carriage).

4.3.2 Carriage isolates from children attending DCCs

A total of 52 PFGE clones were found among the carriage isolates (Appendix Ill). Of the 52 PFGE
clones, 20 could be found at different DCCs. A total of 14 different PFGE clones could be found in only
one DCC. The PFGE clones containing two or more isolates that were only found in one DCC, were:
PFGE clone 1, 4, 17, 24, 29, 31, 37, 54, 60, 72, 73, 74, 76, and 78. PFGE clone 1 contained seven
isolates from DCC D, PFGE clone 4 contained six isolates from DCC F, PFGE clone 17 contained five
isolates from DCC J and the rest of the PFGE clones that were found in only one DCC contained
either two or three isolates (Table 16). Out of all the DCCs carriage isolates that were analyzed with

PFGE there were 18 singletons (Appendix III).
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Table 16. PFGE clone and PFGE subclone number of isolates found in two or more children attending

DCCs
clons clons clons
1.01 D 16.01 H 43.01 N
1.01 D 16.03 | 43.02 0
1.01 D 16.01 L 47.01 E
1.01 D 16.01 L 47.02 L
1.01 D 17.01 J 49.02 F
1.02 D 17.01 J 49.04 L
1.02 D 17.01 J 50.01 G
4.01 F 17.01 J 50.02 L
4.01 F 17.01 J 53.01 G
4.01 F 19.01 E 53.03 0
4.01 F 19.01 E 54.01 A
4.01 F 19.01 G 54.01 A
4.01 F 19.04 M 54.01 A
5.01 E 19.04 N 55.01 L
5.01 F 21.02 | 55.01 G
5.01 F 21.01 o 60.01 C
5.01 G 21.01 0 60.01 C
5.01 G 22.02 E 60.01 C
5.01 H 22.01 H 63.01 E
11.05 A 24.01 C 63.01 N
11.05 A 24.01 C 63.02 M
11.05 A 28.01 A 64.02 E
11.01 E 28.03 B 64.01 o
11.07 E 29.01 H 64.01 0
11.03 H 29.02 H 72.01 |
11.02 J 30.02 H 72.03 |
13.04 G 30.01 M 72.03 [
13.01 K 30.01 N 73.01 o
14.04 E 31.01 M 73.02 o
14.03 G 31.02 M 73.02 0
14.02 J 33.01 C 74.01 N
16.01 B 33.01 0 74.01 N
16.01 B 37.01 D 76.01 |
16.01 F 37.02 D 76.01 [
16.01 F 40.01 L 78.01 N
16.02 G 40.02 0 78.01 N

4.3.3 Identical PFGE subclones

Personal identifications were available from all the isolates sent to the Department of Clinical
Microbiology in 2012. The isolates forming PFGE subclone 3.01 were isolated from the ear of the

same person, with 49 days apart (Figure 6). The isolates forming PFGE subclone 26.01 were also
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found in the ear of the same person (Figure 7), with 9 days apart. The three isolates forming PFGE

subclone 77.01 were found in the same person, isolated from tracheal aspirate with 52 days apart
from the first and last isolation (Figure 8) (Table 17).

Table 17. Identical PFGE subclones found among PFGE analyzed clinical isolates sent to the

Department of Clinical Microbiology the year 2012, specimen type and day between isolation
of the isolates.

PFGE . ] )
subclone Specimen type Number of isolates Time between (days)
3.01 Ear 2 49
26.01 Ear 2 9
1st and 2nd: 4
77.01 Tracheal aspirate 3 ond and 3rd: 48

A WL Y P 202 ear 03.01
gee 35 2 25 S0 3

316 ear 03.01

Figure 6. PFGE of two ear isolates from the same person taken 49 days apart.

58 ear 26.01
74 ear 26.01

e

Figure 7. PFGE of two ear isolates from the same person taken 9 days apart.

i1 reEeeey 8 ftracheal aspirate  77.01
s

| o TERT 102 tracheal aspirate  77.01
.. ’e&'«m 172 tracheal aspirate  77.01

Figure 8. PFGE of three tracheal aspirate isolates from the same person taken 4 and 48 days apart.
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4.3.4 Capsulated Hi
A total of four capsulated Hi were analyzed with PFGE, two were serotype e and two were serotype f
according PCR. Serotype f isolate from carriage sample was identical (same subclone) to three NTHi

isolates (Figure 9). Another serotype f isolate from carriage sample was classified in a clone with two

serotype e isolates (Figure 10).

207DCC carriage 11.05 f

209DCC carriage 11.05

219DCC carriage 11.05
. 249er 11.05

Figure 9. Serotype f isolate from carriage isolate identical in PFGE to three NTHi isolates.

205 OCC carriage 26.01 1
135 ear 2602 ¢
~ 3570CC carriage 26.03 ¢

Figure 10. Serotype f isolate from carriage isolate in the same PFGE clone as two serotype e isolates.
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44 MLST

MLST was done on 21 isolates. Sequencing of all seven housekeeping genes gave results for 12
isolates, in nine isolates sequencing errors in one or two genes circumvented results. Results can be

seen in Table 18.

Table 18. Isolates typed using MLST, specimen type, PFGE clone and sequence type.

Ii%':;e Specimen type | PFGE clone Se?;::ce
13 Carriage 5.01 ST474
37 Carriage 4.01
54 Carriage 1.01 ST840
160 Carriage 72.03
190 Carriage 54.01 ST2
219 Carriage 11.05
239 Carriage 16.01 ST1030
284 Carriage 63.02 New ST
301 Carriage 18.01
337 Carriage 17.01 ST946
390 Carriage 19.01
42 ear 6.01
tracheal
102 aspirate 77.01 ST925
167 ear 62.03 ST12
215 ear 16.01 ST1030
249 ear 11.05 ST544
292 ear 14.02
297 ear 10.01 ST266
394 ear 2.01 ST925
el blood 52.01
e2 blood singleton
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5 Discussion

The results from the differentiation of Hi and H. haemolyticus showed that no H. haemolyticus had
been identified as Hi among the isolates from clinical samples and no H. haemolyticus was among the

isolates from carriage samples.

Only six capsulated Hi were found among the isolates, one was isolated from an ear sample and

the others from carriage samples. The rest of the isolates were all NTHi.

The isolates analyzed with PFGE showed high genetic diversity. A total of 72 PFGE clones were

found among the 303 isolates and 49 isolates were singletons.

5.1 Differentiation between Hi and H. haemolyticus

Hemolysis is the most used test for differentiating Hi and H. haemolyticus when identifying with
phenotypic methods. Because the biomedical scientists of the Department of Clinical Microbiology had
already excluded all hemolytic isolates we conclude that no non-hemolytic H. haemolyticus was

identified as Hi among the clinical samples.

The identification of isolates from nasopharyngeal carriage samples from children attending DCCs
in Iceland’s capital region in 2012 gave the similar results, no H. haemolyticus was found among those
isolates. The percentage of isolates containing both fucK and hpd genes that are generally present in

Hiwere over 90% of both among the isolates from clinical samples and carriage sample (Table 13).

Correct identification between the two species can be important for patients. For example Hi is one
of the most common bacteria that cause exacerbations of symptoms in COPD patients. When H.
haemolyticus is in respiratory tract isolates of COPD patients and is correctly identified as such, it
spares the patient from unnecessary antibiotic use (111). The differentiation between Hi and H.
haemolyticus in invasive isolates is important for epidemiologic knowledge. H. haemolyticus had rarely
been reported to cause invasive disease until Anderson et al. repeated analysis on 374 isolates
previously identified as NTHi. A total of seven isolates were H. haemolyticus according to 16S rRNA

gene sequencing (22).

Non-hemolytic H. haemolyticus have been found in previous studies (19). Murphy et al. did a study
on various strains isolated from invasive diseases, sputum of COPD patients, children’s nasopharynx
and middle ear fluid, all previously identified as Hi. The isolates were analyzed with 16S rRNA gene
sequencing, MLST, DNA-DNA hybridization and sequencing of the gene coding for P6 outer
membrane protein. The results showed 27% of the nasopharyngeal isolates and 40% of the sputum
isolates were in fact H. haemolyticus according to the genotypic methods. The authors suggest that it
is possible that the rate of H. haemolyticus is higher among respiratory tract isolates because it is a
respiratory tract commensal and not an as common pathogen like Hi. This suggestion is also
supported by the fact that none of the 130 middle ear fluid isolates contained H. haemolyticus and only
four (all cryptic genospecies) out of 54 invasive isolates were H. haemolyticus. The H. haemolyticus
isolates were checked for hemolysis on blood agar, all of the nasopharyngeal isolates and almost half

of the sputum isolates proved to be hemolytic (111).
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Kirkham et al. did a similar study on 266 nasopharyngeal Hi isolates from Australian children either
with or without reoccurring AOM. They analyzed the isolates with PCR for hpd and P6 genes along
with 16S rRNA gene sequencing. Among the isolates from children without reoccurring AOM 12%
proved to be H. haemolyticus and among the isolates from children with reoccurring AOM, 9% were H.
haemolyticus. The H. haemolyticus found in the study were not checked for hemolysis. They did not
identify any H. haemolyticus among isolates from ear effusion samples from children with reoccurring

AOM, which is in accordance with the results of Murphy et al. (111, 112).

Norskov-Lauritsen identified 480 clinical isolates from a Danish hospital with hybridization for fucK,
hap and sodC with gene specific-probes and 16S rRNA gene sequencing. A total of two isolates were

determined as non-hemolytic H. haemolyticus (113).

The best way to differentiate between Hi and H. haemolyticus is by doing whole genome
sequencing (20). However, whole genome sequencing is expensive and might not be available for
laboratories on a low budget. Theodore et al. did a study comparing 16S rRNA gene sequencing to
the fucK and hpd PCR method. The hpd and fucK genes were not found in 46 isolates. The results of
16S rRNA gene sequencing showed that 40 out of the 46 were H. haemolyticus. All these 40 isolates
were non-hemolytic. The six remaining isolates were all classified with Hi. All 78 isolates in the study
that contained fucK and/or hpd were classified as Hi in the 16S rRNA gene sequencing. The sensitivity
and specificity of the PCR method compared to 16S rRNA gene sequencing was the highest when
both fucK and hpd were used, with 92% sensitivity and 98% specificity. It is important to keep in mind
that because of the high frequency of horizontal gene transfer of these two species, no single PCR
method can be 100% sensitive. Based on the latest knowledge available, using fucK and hpd is a
reliable method for differentiating between the two species (21). The fact that sequencing of the 16S
rRNA gene sequencing is most commonly used as a standard for comparing the differentiation ability
of other methods like PCR, does raise the question of if the nucleotide information of only one gene,
16S rRNA, is specific enough (88).

The rate of both H. haemolyticus and non-haemolytic H. haemolyticus among previously identified
Hi isolates differs from specimen types and possibly varies between different countries. It is possible
that not all studies done on the misidentification of H. haemolyticus as Hi are compatible because of
their different identification methods. Differences in the blood used in agar production might have
something to do with the beta-hemolysis manifestations of H. haemolyticus. For example, in Iceland

we use horse blood from Icelandic horses but sheep blood is mostly used in other countries (79).

5.2 Serotyping of Hi

Only six of 739 isolates were found to have a capsule. Among the serotyped isolates from clinical
samples (n=453), one isolate was serotype e (0.2%), and 452 were NTHi. Among isolates from
carriage samples (n=286), two isolates were serotype e (0.7%) and three were serotype f (1.1%), the
remaining 281 were NTHi (Table 14).

Among invasive Hiisolates diagnosed at the Department of Clinical Microbiology in the years 1983-

2008, only one isolate of serotype e was identified among the 79 non-Hib isolates (Table 4) (60). It is
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possible that serotype e has been more common among Hi isolates other than invasive, because

generally isolates are not serotyped unless they were the cause of invasive infections.

The isolate of serotype e that was found among the clinical samples was from the middle ear of a
16-month old child. In this study a total of 257 isolates from ears were serotyped, therefore the
percentage of serotype e from ear isolates was 0.4%. These results are in accordance to other studies

reporting that when Hi is found in ear samples it is almost always NTHi (7, 55).

NTHi was the cause of two invasive infections in 2012, both isolates were found in blood. Ever
since the Hib vaccine became widely used, NTHi has been the most common of Hi to cause
infections, both in Iceland and in other developed countries around the world (6, 7, 60). Laupland et al.
showed the annual incidence rate of NTHi bacteremia in Australia, Canada and Denmark from 2000-
2008 was 0.98/100.000. Serotypes a, c, e, d and f had the annual incidence rate of 0.22/100.000 and
Hib only had 0.08/100.000 (46). This low rate seen in bacteremia caused by non-Hib underlines that

serotype replacement among Hi has not occurred after the Hib vaccinations (114).

It is common for no Hib to be found among populations where the majority of the people are
vaccinated, similar to this study. The vaccinated population creates a herd effect so that unvaccinated
people are at a lower risk for getting Hib. Like Watts et al. showed in a global estimate on the burden
of Hib disease, not everyone has the privilege of either getting vaccinated or being touched by the
vaccine herd effect. They estimated that in 2000, Hib caused over eight million of serious infections
among children under the age of five around the world. Developing countries in Africa and Asia did
largely contribute to this high number. Deaths in children under the age of five in 2000 were estimated
to be 371.000 and 61% of these deaths occurred in 10 African and Asian countries. The vast majority

of these serious infections and deaths could have been prevented by vaccine use (4).

There was a significant difference between the numbers of capsulated isolates between carriage
samples and clinical samples. No compatible studies comparing rates of capsulated Hi between
carriage and disease isolates were found in the literature. However, infections due to serotype e and f

are very rare and they do effect the same age group as NTHi/ (6).

In 2012, Haemophilus spp. were found in 62% of children attending DCCs in Iceland (50).
Nasopharyngeal carriage of Hib in children was approximately 3-5% in infants and approximately 8-
12% in children attending DCCs before Hib vaccinations (59). In Hib vaccinated populations
serotyping of Hi found among DCCs carriage is a good way to follow the vaccine effect. Carvalho et al.
found that among carriage isolates from 1192 Brazilian children attending 62 DCCs (taken from
August to December 2005), serotype f was the most frequent (4.6%) after NTHi (23.3%) among DCCs
carriage. Serotype a accounted for 2% of the Hi isolates and Hib were found in 0.7% of the Hi isolates,
demonstrating the decrease in carriage of Hib after the vaccination (51). Two unrelated French studies
were conducted at a similar time in a different geographic area. The first study was on the carriage
rate among 20 DCCs (February to April 1997) and reported 26% NTHi carriage among the DCCs
children and two capsulated isolates, serotype e and f each 0.6% (115). The other study, conducted
two years later in three different regions of France (65 DCCs), also reported the only capsulated
strains to be serotype e (0.6%) and f (0.4%). The carriage rate of Hi was analyzed during two different

periods; the rate for May to June, 1999 was 41.8% and November to December of the same year was
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39.8% (52). An even higher NTHi carriage rate of 64% was reported among 198 children from 16
different DCCs from February to April in Michigan, USA in 2001.

The carriage rate of NTH/ in Iceland (around 60%) can be considered high compared to the
similarly conducted studies listed above. The reasons are most likely due to a combination of many
factors; for example, differences in hygiene and antibiotic use are likely to cause differences in
carriage rates. The carriage samples from DCCs in Reykjavik capital region were taken in March.
Seasonal changes are also known to affect the carriage rate of Hi (51, 116). Differences in the
phenotypic identification of the isolates can possibly affect the rate of Hi that are identified. In this
study we used chocolate agar and bacitracin sensitivity disks to make Hi more visible from the other

bacteria in the nasopharynx.

5.3 Genotyping
PFGE was done on 303 isolates. Of these 110 (36%) were isolates causing ear infections, 39 (13%)
isolates considered causing other infections, 10 (3%) nasopharyngeal and nasal swab isolates and

every other isolate from carriage samples was included, a total of 144 isolates (48%) (Table 8).

The PFGE pattern of each isolate consisted of a mean number of 11 bands. As three band
difference can be caused by a single genetic event according to Tenover’s criteria (97), all isolates

representing 75% (8/11) similarity were grouped together in the same PFGE clone.

Of the 303 isolates analyzed with PFGE, 254 were in 72 PFGE clones and the remaining 49

isolates were not similar to another isolate (Appendix ).

We noticed one noteworthy PFGE clone when viewing the composition of isolates in each of the
larger clones, compared to the composition of all isolates analyzed with PFGE (Table 15). PFGE clone
1 was the only clone with seven or more isolates where all the isolates were from the same specimen
type, it was only found in carriage samples. This differed significantly (P=0.005) from the composition
of all analyzed isolates (48% of the isolates analyzed with PFGE were from carriage samples). This
might indicate that isolates from PFGE clone 1 exhibit less virulence than isolates from the other
PFGE clones. The composition of other PFGE clones containing seven or more isolates did not differ

significantly from the composition of all analyzed isolates.

Isolates from other specimen types were grouped in PFGE clones with ear and isolates from
carriage samples and there was no obvious trend of isolates from subjects of a certain age grouped
together in clones. Only two invasive Hi isolates (from blood) were found in 2012 one of them was
similar to an isolate from a carriage sample (78% similarity), together they formed PFGE clone 52
(Figure 5) and the other one was a singleton. PFGE clone 77 only contained three tracheal aspirate
isolates from the same person where 52 days passed from the first to the last isolation of the
specimens. Two other persons had identical subclones at a different time of isolation, both from ears
(Table 17).

All isolates from carriage samples analyzed with PFGE were classified into 52 different PFGE
clones and 18 singletons (Table 16 and Appendix Ill). Of the 52 PFGE clones, 20 could be found at

different DCCs and 18 different PFGE clones contained only one carriage isolate. A total of 14
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different PFGE clones could be found in only one DCC. PFGE clones including five or more isolates at
the same DCC were PFGE clone 1 that contained seven isolates from DCC D, PFGE clone 4 that
contained six isolates from DCC F and PFGE clone 17 that contained five isolates from DCC J (Table
16). The rest of the local PFGE clones only included two or three isolates from a specific DCC. These
results show that the same PFGE clone can be found in many children at the same DCC because of
the close surroundings and the same clone can be spread among DCCs, as has previously been
described (47, 52). The high diversity among Hi isolates from children in close surroundings can also
been caused by new strains (PFGE clones) brought in by the children and the staff from outside the
DCCs. High turnover rate of Hi has been documented, for example Kaur et al. studied carriage in 33
children with a three month interval, 75% of the children had acquired a new NTHi strain after three
months (47).

The four capsulated isolates that were analyzed with PFGE were of particular interest. A serotype f
isolate was identical to two other NTHi isolates from carriage samples and one NTHi isolate from ear
(Figure 9). There is very limited literature about similar cases; However, Ohkusu et al. published an
interesting study on two different Hi isolates that were found in a child with meningitis. The isolate
found in cerebrospinal fluid was serotype a, and the isolates found in the patient’s blood was NTHI.
When the restriction enzyme Nael was used in PFGE, the two isolates were identical. The difference
between the band patterns of the two isolates when analyzed with Smal, Apal and Sacll in PFGE
were only the size of one fragment. They confirmed with southern blot to screen that the cap locus
was not intact in the NTHi isolate and that was the reason for the differences in PFGE band patterns.
Results from PCR analysis confirmed that the NTHi isolate did possess the insertion sequence IS1016
(commonly found in capsulated strains because they flank the cap locus). The serotype a isolate did,
however, possess the IS1016, bexA and cap part Il. The IS7016 from the serotype a and NTHi isolate
were sequenced and they were identical. Therefore it was confirmed that the NTHi isolate was a
capsule-deprived variant from the serotype a isolate (117). The Hib- variants have been studied more
extensively, those variants do contain the cap locus but with an 1S71076-bexA partial deletion and
cannot produce capsule. The case described by Ohkusu et al. is different because the NTHi strain
only contained 1IS7076 and can therefore not be called a-minus variant (Hia-). Invasive NTHi isolates
from Portugal did show more similarity (not identical) to Hib than other NTH/ strains according to
PFGE with Smal. These NTHi isolates did not contain part of the cap locus according to PCR (118).
The most famous capsule deficient variant of Hi is the Rd strain, it was the first free living organism to
have its complete genome fully sequenced (119). The Rd strain lost its capsule through a
recombination event, leaving only one copy of IS1016 in section 97 of the genome. Satola et al.
searched for IS71076 among 201 NTHi isolates, 19 (9.5%) showed evidence of the IS10716. but they
could not confirm that IS7076 was in section 97 and therefore could not prove if the NTHi isolates had
lost their capsule like Rd (36).

In PFGE clone 28 there were three capsulated isolates, one was serotype f from a carriage sample
and the other two were serotype e, one from ear and one from carriage sample (Figure 10). This did
raise questions because the homogeneity of capsulated Hi is well documented (120-122). For

example PFGE analysis on capsulated strains almost always group together in a dendrogram (118,
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123) An exception was found in a study by Omikunle et al. in which one invasive serotype f isolate
was less similar than the other serotype f (n=8) when digested with Smal, but when digested with Apal
restriction enzyme the isolate appeared to be as similar to serotype a isolates as to the other serotype
f isolates (123). Clustering according to serotype has also been reported with MLST analysis (121).
Interestingly, when all available isolates in the MLST database at the time were studied (359 different
ST), the dendrogram showed almost all the NTHi strains were classified into eight different clades. In
addition there was one clade made up of serotype a, e, f and NTH/ strains and another clade that
consisted of serotype b and NTHi strains. This does suggest that these serotypes and NTHi do have a

common ancestor (24, 121).

A total of 10 different ST’'s were obtained from 12 isolates. We identified ST2 from carriage isolate
and ST12 from ear isolate, similar to the results of Kaur et al., who found ST2 in the nasopharynx and
ear of a child with AOM and ST12 was found in another child, both in the nasopharynx and ear isolate.
ST1030 was found in ear and carriage isolate from the same PFGE subclone (16.01), according to the
online database, ST1030 was first identified from cerebrospinal fluid in 2010
(http://haemophilus.mist.net). ST925 was found in two isolates that belonged to a different PFGE
clone, one isolate was from tracheal aspirate and the other from ear. The clones were viewed together
in BioNumerics and it was apparent that the isolates in these two PFGE clones had a similar band
pattern (72% similarity). It is possible that the lambda ladder used as a size reference did not work as
expected in this case and therefore the variations between gels created this inconsistency. We also
need to keep in mind that MLST results are not always consistent to PFGE results and vice versa
(101).

A new ST was identified, in an isolate from a carriage sample, it had a single base pair change from
pgi allele number 40 and is therefore a single locus variant from ST1012. Another isolate was found
that had a single base pair change from mdh allele 87 but the sequence quality of three other genes
was not good enough to assign an allele number. The new ST will be added to the online database

and assigned an ST number.

The genetic diversity of Hi in Iceland in 2012 is similar to what has been documented in previous
studies (47, 100, 121). The same PFGE clone can be seen in carriages, and can also cause AOM or
other diseases. This underlines the fact that the characteristics of the hosts immune defenses play a
large role in what strains cause disease rather than certain strains being extremely virulent (23, 47, 92,
122).

5.4 Strength, weaknesses and improvement suggestions

If only the hpd primers had been used for differentiation of Hi and H. haemolyticus, 6.3% of the
isolates from clinical samples and 5.9% of the Hi isolates from carriage samples would have been
considered H. haemolyticus until further identification. Therefore, including two primer pairs does
increase the differentiation method and also reduces the possibility of false negative results because

of an obstruction in the PCR reaction.

A primer pair detecting a gene only present in H. haemolyticus would have been ideal. According to

the available literature, a gene only present in H. haemolyticus has yet to be identified (20, 107).
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Despite fucK and hpd genes being well-preserved in Hi, horizontal gene transfer can possibly cause
Hi to lose the both genes or H. haemolyticus to gain them, therefore to unambiguously differentiate
between the two species, whole genome sequencing is required (21). Because we found no non-
hemolytic H. haemolyticus among the clinical isolates it would be preferable to examine hemolysis of
previously identified non-hemolytic H. haemolytcus from other laboratories. This would determine if the

horse blood agar does show hemolysis differently.

The multiplex serotyping PCR method developed in the author’s diploma project did show some
slight unspecific amplification. Therefore, a new duplex was developed to search for capsulated Hi
among isolates from carriage samples. The new duplex method included primers detecting for capsule
and fucK or hpd (depending on which gene was present in the differentiation between Hi and H.
haemolyticus method) serving as an inner control. Both the old and new method had strengths, they
are cheaper than real time PCR and more objective than the agglutination tests (81). What the new
method has over the old one is an inner control that confirms that a PCR reaction did take place in
each well, because in the old method amplification of no band meant the isolate was NTHi. In general,
there is little chance of an obstruction of amplification (86), but it is better to ensure a reaction in each
well, if possible. There was significant difference between the number of capsulated isolates in clinical
samples and the isolates from carriage samples. We need to take into consideration that the
serotyping was not done with the same method. There is a slight possibility that the number of
capsulated isolates was higher in the disease causing isolates, because no amplification of the genes
in the multiplex PCR meant that the isolates were NTHi. To make sure that the difference in the
number of capsulated isolates is not due to the new method we would have to repeat all disease-

causing isolates with the new duplex method.

Because of how time-consuming genotyping with PFGE is, we were only able to genotype 38% of
all available isolates from 2012. Having more isolates genotyped would have given an even clearer
picture of the genetic diversity of Hi in Iceland for 2012 and possibly higher statistical power. We first
tried to develop a RAPD PCR method to genotype the isolates, but it only amplified 3-6 bands in each
isolates and the amplicons from the reference strains were of similar size so the differentiation ability
of the RAPD method was low. If the RAPD PCR method would have had more discriminatory power
we would have been able to analyze all the Hi isolates in the given timeframe. The PFGE method did
work well; this was seen in particular when an isolate from the same patient at a different time was
identified as the same PFGE subclone. We only got ST for 12 of the 21 isolates, because of poor
sequence quality. The sequence typed isolates did show that two isolates from the same PFGE
subclone were both ST1030, which tells us that in this case the discriminatory power of the PFGE is
good when compared to MLST. There are other studies that report identical clones from PFGE have
the same results as MLST (102). In contradiction, we identified ST925 in two isolates from two
different PFGE clones. Variation between gels might have created this inconsistency because PFGE
clones 2 and 77 had similar band patterns although the similarity was only 72%. Placing these isolates
next to each other on a gel, might have had revealed higher similarity in BioNumerics. This is a
weakness of the PFGE method in general, especially when genotyping a highly diverse bacteria like

Hi. The other main weakness of the PFGE method is that comparison of the results between
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laboratories is difficult, MLST does, however, give unambiguous results that can prove to be important
in epidemiological studies.

The next steps are to conduct a similar study on isolates from the year 2015 to monitor the effect of
the Synflorix vaccine on the genetic diversity of Hi. Further analysis of the serotypes e, f and NTHi
isolates that were either identical or in the same PFGE clone are needed, preferably with whole
genome sequencing. We also plan to analyze all 120 invasive Hi isolates that have been stored by the

Department of Clinical Microbiology.
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6 Conclusions

To our knowledge, the effect of Synforix 10-valent pneumococcal vaccine on genetic diversity of Hi

has not been examined. It is a possibility that the genetic diversity of Hi will change after the possible

effects of the Synforix 10-valent pneumococcal vaccine. To enable comparison of the era before

vaccination and after, it is important to have a baseline like the one provided in our study.

The following conclusions are drawn from this study:

H. haemolyticus was not found in isolates from clinical samples sent to the Department of
Clinical Microbiology and isolates from carriage samples of children attending DCCs in
2012.

If only the hpd primers had been used for differentiation between Hi and H. haemolyticus,
around 6% of all the isolates would have been considered H. haemolyticus until further
identification.

Among 453 serotyped isolates from clinical samples sent to the clinical Department of
Clinical Microbiology in 2012, one capsulated isolate was found (0.2%) which is
significantly lower than the five capsulated Hi isolates found among 286 serotyped carriage
isolates (1.8%)

The Hi isolates showed high genetic diversity in PFGE. The 303 isolates analyzed with
PFGE formed 72 PFGE clones and 49 isolates were singletons.

PFGE clones contained Hi isolates both from carriage and clinical samples.

A serotype f isolate and two serotype e isolates were classified together in one PFGE
clone.

A serotype f isolate was identical in PFGE to three NTHi isolates.

We identified one new ST, the other ST were in accordance to previous findings.
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Appendix |

The dendrogram of all Hi isolates analyzed with PFGE, the vertical line represents 75% similarity.
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Appendix Il

The dendrogram with information on the isolate specimen type and PFGE clone number.
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Appendix Il

Information on each PFGE clone, number of isolates of each specimen type and the percentage of

total in each PFGE clone.

clone number of sub clones Specimen t_ype and number of % in clone
isolates
1 2 DCCs carriage 7 100
2 2 ear 4 100
3 1 ear 3 100
4 2 DCCs carriage 6 100
sputum 1 9
5 1 ear 4 36
DCCs carriage 6 55
6 1 ear 1 50
DCCs carriage 1 50
sputum 1 33
7 3 ear 1 33
sinus 1 33
8 3 ear 3 75
DCCs carriage 1 25
9 3 ear 3 75
sputum 1 25
10 1 ear 3 75
sputum 1 25
11 7 DCCs carriage 7 64
ear 4 36
12 > nasopharynx 2 67
DCCs carriage 1 33
13 5 DCCs carriage 2 40
ear 3 60
sputum 2 29
14 4 ear 2 29
DCCs carriage 3 42
15 5 ear 1 50
DCCs carriage 1 50
16 4 DCCs carriage 10 71
ear 4 29
17 1 DCCs carriage 5 71
ear 2 29
18 5 DCCs carriage 1 33
sputum 1 33
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Specimen type and number of

clone number of sub clones isolates % in clone
ear 1 33
DCCs carriage 5 50
19 4 ear 3 30
sputum 1 10
nasopharynx 1 10
20 5 ear 2 50
sputum 2 50
DCCs carriage 3 50
21 2 ear 2 33
abcess 1 17
22 2 DCCs carriage 2 100
ear 3 43
tracheal aspirate 1 14
23 6 nasopharynx 1 14
DCCs carriage 1 14
sputum 1 14
o4 5 DCCs carriage 2 67
ear 1 33
o5 5 ear 1 50
DCCs carriage 1 50
26 1 ear 2 100
8 3 DCCs carriage 2 67
ear 1 33
29 2 DCCs carriage 2 100
30 2 DCCs carriage 3 100
31 2 DCCs carriage 2 100
tissue 1 33
32 3 sputum 1 33
ear 1 33
33 1 DCCs carriage 2 100
34 5 DCCs carriage 1 50
ear 1 50
36 5 nasopharynx 1 50
tracheal aspirate 1 50
37 2 DCCs carriage 2 100
38 1 ear 2 100
39 1 ear 2 100
40 2 DCCs carriage 2 100
41 > sputum 2 67
DCCs carriage 1 33
43 2 DCCs carriage 2 100
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Specimen type and number of

clone number of sub clones : % in clone
isolates
44 5 DCCs carriage 1 50
nasopharynx 1 50
45 > ear 2 67
DCCs carriage 1 33
46 2 ear 2 100
47 3 DCCs carriage 2 67
ear 1 33
48 5 DCCs carriage 1 50
sputum 1 50
sinus 1 25
49 4 DCCs carriage 2 50
ear 1 25
50 2 DCCs carriage 2 100
52 5 DCCs carriage 1 50
blood 1 50
53 3 DCCs carriage 2 67
ear 1 33
54 1 ear 2 40
DCCs carriage 3 60
55 1 DCCs carriage 2 100
57 5 DCCs carriage 1 50
sputum 1 50
58 5 DCCs carriage 1 50
ear 1 50
59 5 sputum 1 50
ear 1 50
60 1 DCCs carriage 3 100
62 2 ear 2 100
63 3 ear 2 40
DCCs carriage 3 60
64 5 DCCs carriage 3 75
ear 1 25
65 5 DCCs carriage 1 50
ear 1 50
66 1 ear 2 100
67 5 bronchial aspirate 1 50
ear 1 50
68 5 sputum 1 50
ear 1 50
69 5 genital 1 50
DCCs carriage 1 50
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clone number of sub clones Specimen t?’;:ﬁaatzg number of % in clone

70 2 ear 2 100
71 5 DCCs carriage 1 50
bronchial aspirate 1 50

ear 3 43

72 6 DCCs carriage 3 43
sputum 1 14

73 5 DCCs carriage 3 75
ear 1 25

74 1 DCCs carriage 2 100
75 1 ear 2 100
76 1 DCCs carriage 2 100
77 1 tracheal aspirate 3 100
78 1 DCCs carriage 2 100
blood 1 2

DCCs carriage 18 37

ear 20 41

singletons 49 sputum 4 8
nasopharynx 3 6

nasal 1 2

sinus 2 4
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