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Abstract

Background

Invasive infections due toHaemophilus influenzaeare infrequent following the
implementation of vaccination agairtdt influenzaeof serotype b. However, their changing
epidemiology may not be clear due to a lack of appate genotyping methods combined
with antibiotic susceptibility analyses which dot riscriminate invasive and non-invasive
isolates. We aimed to describe recent epidemicdbgiends of invasiveH. influenzae
infections in France and explore the microbiolofidaaracteristics of invasive versus non-

invasive isolates.

Methods

All culture- and PCR-confirmed cases dueHoinfluenzaeisolated from a sterile site, that
were received at the French national referenceedot H. influenzaeduring the year 2017

(n=138) were characterized by whole genome sequegr(®GS), serotyping and antibiotic
susceptibility testing. We also included 100 ise¢athat were received from non-invasive

infections.

Findings

Most of the non-invasive isolates were non-typea(®®%) and this proportion was

significantly less among invasive isolates 75%,.p801). Serotype f was the most frequently
observed but serotypes b and a were also presemgaimvasive isolates. WGS analysis
suggested a serotype b to a capsule switching .eMenttypeable isolates showed extensive
heterogeneity. Antibiotic susceptibility testingdicated that 24% of the invasive isolates
were resistant to ampicillin but this percentages vgggnificantly higher (51%, p<0.001)

among the non-invasive isolates. Moreover, the @utogn of beta-lactamase negative

ampicillin resistant isolates (BLNAR) was signifitly higher among non-invasive isolates



compared to that of invasive isolates (24% ver8esp<0.001). BLNAR isolates were linked
to modification in thdtsl gene encoding the penicillin binding protein 3 B3 In particular,
ftsl alleles that harboured the mutations D350N, S39MB/71 and S385T were resistant to
ampicillin and third generation cephalosporins. Séhésolates were more frequent among

non-invasive isolates.

Interpretation

Our data suggest that invasivd. influenzae isolates differed phenotypically and
genotypically from non-invasive isolates. The higioportion of ampicillin resistance by
mutation inftsl among non-invasive isolates may suggest a biakbgiest of these mutations
on the function of PBP3 that can lead to lower &aak invasiveness. WGS should be used
routinely for the characterization &i. influenzaeisolates in order to reliably follow the

emergence, spread and mechanism of antibiotidaesss.



Introduction

Haemophilus influenza€Hi) is a coccobacillus Gram negative bacteriumattis most
frequently encountered at the mucosal surfacesimams (mainly respiratory pathways). Hi
can provoke local infections at these mucosal sadasuch as otitis media, conjunctivitis,
sinusitis and also genitourinary infections (1). rietwver, invasiveH. influenzaeinvasive
disease (IHID) occurs when Hi invade the bloodsiread then spread to other distal organs.
In Europe, the usual forms of IHID are septicaerflawever, meningitis and more rarely,

invasive pneumonia, epiglottitis, arthritis/osteatiys are reported (2-4).

Hi isolates are divided into two broad categoraascapsulated antbn-encapsulateisolates.
Capsule structure and antigenicity determine thetygae. Of the six identified serotypes (a to
f), Hi of serotype b (Hib) is the most pathogemchumans, affecting mainly infants and
young childrenThe introduction of the serotype b conjugate vaedmthe 1990s resulted in
a considerable decline in the incidence of invasiie infections and reduced circulation of
Hib isolates. The other serotypes (a, c, d, e aratd less frequently associated with IHiD
although serotype a is emerging in the USA and @Garfa, 6).Non-encapsulatestrains also
called "non-typeable” Hi (NTHi), cause usually Aomasive infections of the upper
respiratory tract, but can also be responsible ifvasive infections (7). Asymptomatic
carriage of NTHi strains in healthy children unéeyears of age is common (27.7% with a
variation between 73.2% in winter and 26.8% in s@mn(8). Carriage of encapsulated
strains is rarer especially carriage of Hib in does where Hib vaccination is included into
national immunization schedules (9). In Europe,ttdtal number of cases of IHID was 2799
in 2014 (61% with a known serotype) with a trendrtoreasing numbers of reported cases
from 2010 to 2014 (3, 4). The incidence is higmeinfants (4 cases for 100,000) and in older

adults (1.7 cases for 100,000).



In Europe in 2014, 6% of the cases with a knowntgpe were Hib, of which 57% were aged
25 years and oldehNon-encapsulatedtrains caused the majority of cases in all ageigg
(82% of all cases for which serotyping results wavailable). Serotype f caused 9% of all
cases and 72% of cases among non-B serotypesy{ssd, c, d, e, and f) (4). The increase
in the incidence of IHID that is observed in Eurcggpears to be due to the increase in
invasive NTHi and Hi infections in individuals ové0 years of age. These patients are not
immunocompromized and yet they develop severe tiofex (10). Recent data suggest
increasing virulence of these NTHi isolates as wslkhe acquisition of resistance to several
antibiotics. In particular, resistance to betadats seems to be driven by both the acquisition
of a beta-lactamase and/or acquisition of well abi@rized mutations in the penicillin-
binding—protein 3 (PBP3 encoded by fite gene) (11). However, these isolates remained
most frequently susceptible to third-generationhedpsporins. Resistance to third-generation
cephalosporins was reported and suggested to bdodtle acquisition of TEM-15 beta-
lactamase, but the role of mutations in PBP3 Ikwsitlear (12). Our aim was to screen all Hi
isolates received at the French National Refer@wrgre for meningococci andaemophilus
influenzaeduring the year 2017 and characterize resistantt@rtbgeneration cephalosporins

by whole genome sequencing.



Methods
Culture conditions and identification of H. influenzae

IHID reporting is not mandatory in France and seltsurveillance is part of surveillance for
invasive bacterial infections. IHID is defined byetdetection of Hi in a sterile site (such as
blood, cerebrospinal fluid (CSF), or synovial fluidy culture and/or PCR. Isolates that
areidentified add. influenzaeby hospitals can be sent to the National Referé&wmatre for
meningococci antlaemophilus influenza@RCMHi) at the Institut Pasteur, Paris for furthe
typing. Isolates were cultured on chocolate agategl (BioMérieux, Marcy I'Etoile, France)
and identification was confirmed based on the nesoent for heme and NAD for growth on
ordinary medium. In addition, a molecular idenaition algorithm was set up on the basis of
PCR-amplification of four common genebpfi, ompP2 bexA fucK)) (13). PCR-based
prediction of serotypes a, b, c, d, e and f was p&sformed for each strain (14). A typeable
isolate was identified as positive by PCR for tive tommon genes and one of the serotype-
specific genes. Non-typeable isolates were idedtifas positive by PCR for four of the
common genes and negative b@xAgene and all of the serotype-specific PCRs (14alR
time PCR was used to confirm the diagnosis of IHyDthe detection of thiepd gene and the
specific gene for the six serotypes for non-cultceses (15). All of the primers used in this

study are listed in the Supplementary Table 1

Antibiotic susceptibility testing

Susceptibility and resistance to antibiotics wadquemed using MHF agar plates (BioRad,
Marnes-la-Coquette, France) and Etest strips (Brai&, Marcy I'Etoile, France). Critical
values (breakpoints) were set according to the mesendation of the EU-CAST. Beta-
lactams tested were ampicillin, amoxicillin+clawila acid and third generation
cephalosporins (cefotaxim). Susceptibility to memgm was occasionally performed upon

the detection of resistance to cefotaxim.



Whole genome sequencing

WGS was performed systematically on all invasivdtuced isolates received at the
NRCMHi. Genomic DNA was extracted with the MagNAre®6 system (Roche Molecular
System, Pleasanton, USA). Library preparation vpendormed with the NextePaXT DNA
library Preparation Kit (lllumina, San Diego, USAnd whole genome sequencing was
processed with Illlumina technology (NextSeq 50@mina) with paired-end strands of 150
bp and a sequencing depth of 5@X. de novoassemblies were generated using SPAdes 3.10
(CAB, St. Petersburg State University, Russia). usaqges are available through the
PubMLST https://pubmlist.org/hinfluenzae/ databas&).( WGS data were used to infer
sequence types (ST) according to the MultilocusuBege Typing (MLST) schemgl?)
WGS data were also analysed using a “gene-by-gap@bach using the annotated reference
strain (Rd KW20) on the Bacterial Isolate Genomgu&ace Database (BIGSdb) platform on
PubMLST (18). SplitsTree4 (version 4.14.6) was usedsisualise the resulting distance
matrices as Neighbour-net networks. (19) Grape™was also drawn on the basis of
comparisons of allelic profiles for the isolatesmeomplete MLST data (20). IDs of all these
isolates are given in the supplementary Table 2lmwv retrieving of WGS sequences in

FASTA formats as well as the ENA accession numfy@gect accession N° PRIEB28646).
Molecular analysis of theftsl gene

Sequences ok 621-bp fragment oftsl gene (encoding the PBP3), corresponding to
nucleotides 977-1597 relative to tlfisl start codon, were used to assign alleles for the
corresponding isolates through the PubMLST datakms® analysed through the tools
available on the BIGSdb platform. Sequences wergned using Multiple Sequence

Alignment by CLUSTALW and sequences differing byledst one nucleotide were assigned



a uniqueftsl allele sequence number. Phylogenetic networks generated using SplitsTree

(version 4.14.6) (www.splitstree.org) with defgodtrameters (19).
Data analysis

Proportions were compared using Chi-square teStstier exact test using the thresholgb-of

value < 0.05 as statistically significant.



Results
Description of the isolates

During the year 2017, the NRCMHi received a tofa2®6 Hi cultured isolates in addition to
2 CSF that were confirmed only by PCR. There vi@@ cultured isolates from non-invasive
sites of which §8%100, 88%)solates were from respiratory sites (includingoharynx,
sinus, ear and conjunctiva) and 12 isolates werm fgenito-urinary sites (most frequently
vagina). Most of these non-invasive isolafég/100; 74%)were from adults. All the non-

invasive isolates were non-typeable except onatsalf serotype f.

There were 138 invasive cases (136 invasive cultuselates and 2 non-culture PCR-
confirmed cases) that were mainly confirmed fromoll ©6/138§ 70%) and CSF36/138§
26%). The remaining isolates (6/134%) were from synovial fluid, peritoneal fluid cn
organ biopsies. Most of the casg®}/138; 61%)were among children <5 years of age
(40/138; 29%)and among adults > 64 yegrst/138; 32%).The male-to-female ratio was
1.3:1. Age and serotype distributions of invassaates are depicted in Fig.1. Most of the
cases corresponded to non-typeable isolgtes/138; 75%)and35/148invasive cases were
typeable (25%, p<0.0001 when compared to 1% of ribe-invasive isolates). Detected
serotypes were serotype a (Hia n=7 mainly amoniglrelm <5 years) serotype b (Hib n=10),
serotype d (Hid n=1), serotype e (Hie n=5 of whicltase was PCR-confirmed only) and
serotype f (Hif n=12). Serotypeable isolates wemganlikely to be detected under the age of

5 years than other age groups/40; 43% versus 10/44 23%; p=0.018).

Antibiotic susceptibility testing

Among the 136 invasive cultured isolaté$04/136; 76%)were beta lactamase negative
ampicillin susceptible (BLNAS),(23/136; 17%)were beta lactamase positive ampicillin

resistant (BLPAR) and9/136; 7%) were beta lactamase negative ampicillin resistant



(BLNAR) (Table 1). Invasive typeable isolates wemnere frequent among BLNAS isolates
(30/104; 29%of all BLNAS invasive isolates were typeable) tHBAOPAR or BLNAR (4/32;

13%of all BLPAR and BLNAR invasive isolates were tgide) although this difference was
not significant. It is noteworthy that none of tingasive typeable isolates were BLNAR and
all the 4 ampicillin resistant typeable isolatesHip and 2 Hie) were BLPAR (Table 1). Of
interest, 8 invasive isolates were resistant totegfm (MIC >0.125 mg/L). These isolates
were BLNAS (n=2), BLPAR (n=2) and BLNAR (n=4). Thexere all nontypeable except two

isolates of serotype b (BLPAR) and e (BLNAS).

Antibiotic susceptibility testing showed that ord}® of the non-invasive isolates were
susceptible to ampicillin with no detection of bédatamase (BLNAS). However, 51 of the
non-invasive isolates were resistant to ampic(IWiC>1 mg/L). The proportion of ampicillin
resistant isolates was significantly higher among-mvasive isolates compared to invasive
isolates(51/100; 51% versus 32/136; 24% respectivpky0.001). Among the 51 ampicillin
resistant non-invasive isolates, 27 isolates predudetectable beta-lactamase (BLPAR) and
24 did not (BLNAR). All these ampicillin resistanbn-invasive isolates were NTHi while the
serotype f non-invasive isolate was susceptiblalltbeta-lactams tested. Of interest, 29 non-
invasive isolates were resistant to cefotaxim (MIC125 mg/L). These isolates were BLNAS
(n=4), BLPAR (n=9) and BLNAR (n=16). The proport®onf BLNAS and BLNAR, but not
that of BLPAR, differed significantly between theominvasive and invasive isolates
(p=0.0111, p=0.0002 and p=0.1683 respectively)otppmg and antibiotic susceptibility

testing clearly suggest that invasive and non-iweaisolates differed significantly.

Genomic analysis of the invasive isolates
We next focused on the genetic typing of the igslatVhole genome sequences (lllumina)
were obtained for 130 of the 136 invasive cultussdiates (96%) and complete MLST

schemes were retrieved fdr26/130 isolates; 97% of all isolates with WGS Y|aidnile



partial MLST profiles were obtained for the 4 otismlates. There were 73 different STs
identified among the 126 invasive isolates with BB the most frequent (n=10) followed by
ST-6 (n=8) and ST-388 (n=5).

MLST data were also obtained for 34 of the 100 mwasive isolates and these belonged to
27 different STs. GrapeTree analysis using MLS#&lialprofiles is depicted in Fig. 2. The ST
were divers and were represented by no more thagr tholates (for ST-107), which was
distinct to the non-invasive isolates, with only34%s shared with the invasive isolates (STs
1, 3,12,57, 124, 155, 159, 160, 266, 388, 398, B36 and 1877) (Fig. 2). Several of these
“mixed” nodes were composed of only BLPAR isolgi&$s 160, 388 and 836). Serotype b
isolates were all invasive and located in two @tsbne of which containing most of the Hib
isolates (ST-6 and ST-95). Interestingly, one sg@®ta isolate was ST-6 and clustered with
serotype b isolates suggesting a possible b tpsutaswitching event and genetic
recombination between serotype a and b isolatdisof &he other serotype a isolates clustered
separately and were predominantly ST-23 (n=3). {gpedf isolates clustered together with
more homogeneity (Fig. 2).

These results suggest a lack of correlation betwesrtype and genetic lineage among
invasive isolates. These data also indicate thatimeasive isolates differed from invasive
isolates not only phenotypically but also by MLST.

We next analysed WGS data from the 130 invasiviatis® using the “Genome Comparator”
tool on PubMLST (16) and using the serogtype dirstth influenzaeRd KW20 as a
reference (21) . The neighbour network showed dlpigliverse non-typeable bacterial
population and to a lesser extent for typeableatesl (Fig. 3). Much more resolution was
obtained compared to the MLST analysis as sevdaitical sequence types were further
separated into different related nodes. The seeotypsolate (ST-6) was clustered with the

other ST-6 isolates of serotype b. Moreover, sp@ty and b isolates (ST-6) (Fig. 3).



Sequence data oftsl

A 621 bp nucleotide sequence fragment offtilegene was extracted for 131 of the invasive
isolates. This segment fi§l corresponds to the region between the codons 32633 that
includes the DNA sequences encoding the threeifuradtmotifs of the PBP3: STVK, SSN,
and KTG that start at positions 327, 379 and 5%peetively. These sequences allowed the
identification of 43 differenttsl alleles that were namétsinwheren is the number of the
allele. Frequencies of isolates harbouring thebeles varied from 1 to 20 isolates per allele
and are available through the link https://pubrotgthinfluenzae/ through the sequence query
drop menu. These 43 alleles corresponded to 2érdiif amino-acid sequences (Table 2).
The phylogenetic tree drawn by SplitsTree4 wasdhasethe CLUSTALW DNA sequence
alignment of these 4fsl alleles and indicates a clustering of these allgl®o 4 groups (Fig.
4, each group is referred by a colour). Group ltaioed the two most frequent allefesi10
andftsl8 (20 and 15 isolates respectively). These twoedlshared 99.5% sequence identity
(3 polymorphic sites). Moreover, translated amioiol @equences were identical for both
alleles and this protein sequence was also ideritica3 otherftsl alleles (Fig. 4). These 15
alleles were present {[74/131; 56%jsolates that belonged to different genetic groanus
different serotypes (a, b and d as well as amomgtyypeable isolates). The unique amino
acid sequence for all these 15 alleles showed nwkmmodification associated with non-
beta-lactamase mediated resistance to ampiciiowever, 14 isolates harboured a beta-
lactamase and were therefore (BLPAR). The remai@thigolates were all BLNAS with

MIC ranging between 0.016 and 0.5 mg/L (Table 3)isblates were susceptible to third

generation cephalosporins.

Group 2 consisted of 1fis| alleles which clustered together on the phylogenete

separately from Group 1. These 11 alleles corredgubio 6 unique amino-acid sequences



that were shared by 31 invasive isoldf&s'131; 24%)lsolates were of different phenotypes
(non-typeable and serotypes e and f) and belormdiferent STs. Five of these isolates also
harboured a beta-lactamase (BLPAR). The 26 isothtdsvere negative for the beta-
lactamase were also all susceptible to ampiciBibNAS). Indeed, the MIC of ampicillin for
these 26 isolates ranged from 0.032 mg/L to 0.9.r(i@&ble 3). All isolates were susceptible
to third generation cephalosporins. The PBP3 araaid sequences of this group harboured
one of the following alterations D350N, A368T, A&7A502T, and R517H but the alleles
ftsI50 andftsl94 harboured two alterations (D350N, A437S and D355l 7H) respectively.

However, no alleles showed alteration at the pmsi526.

Group 3 was composed f$l 10 alleles that corresponded to 8 uniqgue amind-s&quences
shared by 17 invasive isolatgis’/131; 13%)lsolates were all non-typeable but belonged to
different STs. All of these amino-acid sequendesrged a N526K alteration with other
variably present alterations. One isolate alsodwadd a beta-lactamase (BLPAR). The 16
other isolates that were negative for the betaataese showed MIC of ampicillin ranging
from 0.190 mg/L to 2 mg/L (Table 3). They were BLNA11/16 with MIC of ampicillin
ranging between 0.380 and 1 mg/L) and 5/16 isolatse BLNAR (MIC of ampicillin >1
mg/L and ranged between 1.5 to 2 mg/L). Theseifigkates harboureftisi1, ftsl5, ftsl21or
ftsl42 All of the 17 isolates in this group were susid#ptto third generation cephalosporins

(Table 3).

Finally, group 4 was also identified on thgl-based phylogenetic tree. This group contained
7 highly diversdtsl alleles when compared to the other alleles. Thieskles corresponded
to 6 uniqgue amino-acid sequences that were shar@drvasive isolate9(131; 7%).The
isolates belonged to 8 different STs and were gpeable but two were of serotypes b or e.
Two of these 9 isolates were BLPAR while the 7 oteelates were BLNAS (n=3) and

BLNAR (n=4). All 9 isolates of this group were rstsint to third generation cephalosporins



(MIC >0.125 mg/L) (Table 3). All these PBP3 encotigdhese 7 alleles showed the
following four mutations (D350N, S357N, M3771 an885T) with other mutations that were
variably present including the N526K mutation (TeaBl). These isolates were heterogeneous

and corresponded to several genotypes (indicatedrbws in Fig. 3).

We also obtained 5ffsl sequences from carriage isolates that were dis&tbamong 36
differentftsl alleles of which 17 were only found among carriegates. The alleles were
represented by no more than 4 isolates (4 isolatetis|10andftsl19). The four groups
described among the invasive isolates were alserebd among non-invasive isolates but
with different proportions for group 1 to grouphtt were respectively 30%, 3%, 23% and
44%. All the isolates were susceptible to meropematading those that were resistant to

cefotaxime.



Discussion

IHID has become rare since the introduction ofdbejugate vaccine against Hib. The
incidence in Europe is around 0.49 per 100,000 ladipn. By extrapolation to the French
population we expect that the 138 IHID that we elbtarized in the present work represent
around 40% of all IHIiD cases. Age and sex distidng were similar to other European
countries with higher number of cases in childradar five years and in adults aged 65 years
or older. The non-typeable isolates were the nregjuent in all age groups as also reported
in Europe (4) .

Moreover, non-invasive infection mainly in the uppespiratory tract infections and otitis
media are frequent. Our data clearly suggest fteatlistribution of serotypes and antibiotic
susceptibility profiles were significantly differebetween invasive and non-invasive
infections. This was further strengthened by theS\idata. These observations warrant
separate typing and analysis of Hi isolates. Speaile isolates are almost exclusively
encountered among invasive isolates and were lesssd than non-typeable isolates as
suggested by MLST and WGS analysis. This is in\wita previous observations by MLST
that suggested that the impact of recombinatignaater among non-typeable than
encapsulated isolates explaining the high diverdityhese isolates(17). Serotype f was the
most frequent. However, it is worthy to underlihe presence of serotype a of the sequence
type ST-23 that was mostly among < 5 years of ageported in Alaska and in Canada (5,
6). A serotype a isolate (isolated from an adult yéars) shared the same ST (ST-6) as Hib
isolates and was also linked to those isolatefiemasis of WGS analysis. Our data also
suggest frequent DNA recombination between isolategrotypes a and b as also suggested
by the neighbour network on the basis of WGS amalysiplementation of routine WGS is
therefore warranted to perform thorough surveilkaand detect events such as the capsule

switching.



Additionally, the proportion of BLNAS isolates diifed significantly between invasive and
non-invasive isolates (76% versus 49% p=0.011)s dliference may reflect the selective
pressure by repeated exposure of non-invasivetésota antibiotics in the respiratory tract.
However, the BLPAR did not significantly differ meten the two groups of isolates while the
proportions of BLNAR did. Indeed, BLNAR isolates mesignificantly less frequently
encountered among invasive isolates (Table 2). BRNgolates usually harbour
modifications offtsl encoding the PBP3 that is involved in the biosgaih of peptidoglycan
(PG) catalysing peptide cross-linking of PG chal®BP3 is therefore an essential protein for
cell division (divisome) (22). Modifications of PBRmpact on the structure of PG thaa
microbe associated molecular pattern (MAMP). Thadsservations are in favour of biological
cost of the modifications dfsl gene encoding the PBP3 that can lead to loweebakt
invasiveness. This has been suggested for the iwattbhs of PBP2 ilNeisseria meningitidis
that is also involved in PG cross-linking (23). PBRodifications inN. meningitidids also
responsible for reduced susceptibility to penitiB, a phenotype that is more frequently

observed among non-invasive isolates (24).

Our ftsl sequence data shed new light on the correlatidneofutations of this gene and the
resistance to beta-lactam antibiotics. The rolnefmutations in the region close to the three
functional motifs of the PBP3(STVK, SSN, and KT@&eds to be evaluated among beta-
lactamase negative isolates. We further suggdsisaification based on the correlation of the
amino acid sequence of PBP3 and the geometric ofahie MIC of ampicillin for isolates in
each of the four phylogenetic groups identifiedtlosm basis oftsl sequence. Our data suggest
that mutations in PBP3 have a cumulated effecaigerthe MIC of ampicillin. However,
several mutations when present alone (D350N, A3B&B,/S, A520T, and R517H) or in

combination of 2 mutations (D350N and A437S or D8%Md R517H) did not confer



resistance to ampicillin. Indeed our group 2 cqrogsls to the group 1 according to the

classification of Ubukata and Dabernat (25, 26).

Our data suggest that the mutation N526K (thatatesent in the second group) is necessary
to confer resistance to ampicillin. The presencetbér mutation (particularly A502V) was
not consistent. Isolates of this third group showigaificant increase in their MIC of

ampicillin and we suggest this group to correspmnBLNAR.

The forth group corresponded to isolates thatatbbured the following three mutations
D350N, S357N and M377 and showed BLNAR phenotypéwas also associated with
resistance to third generation cephalosporinswieatuggest to be named beta lactamase
negative ampicillin and cephalosporin resistanotates (BLNACR). The high proportions of
ampicillin resistant isolates among both invasind aon-invasive isolates (24% and 51%
respectively) may suggest that the use of ampiaiiiamoxicillin as a first line treatment in
Haemophilugnfections (e.g; acute otitis media, AOM) is nopported by the molecular and
phenotypic data in this study (27). Indeed, NTHsweported to be the most frequent agent in
AOM after the introduction of the 13-Valent Pneumocal Conjugate Vaccine (28).
However, the surveillance of these isolates andtineeillance of the emergence of the
resistance to third generation cephalosporins redhe use of molecular toolfs]
sequencing) in addition to the antibiotic suscaliiyitesting in order to reliably characterize

these isolates.
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Table 1 Distribution of the invasive and non-invascultured isolates according to their
susceptibility to ampicillin and to their serotypes

All Geometric
Serotypes (invasive isolateg) a 8} d e fypeable NT| Al| MIC50 MIC90 RANGE mean MIC 95% CI
Ampicilin suceptible (BLNAS) 7 8 1 2 12 30 74 104 0.25 05 O0m6-1 0.264  0.231-0.302
Ampicillin resistant (All) 0 2 0 2 0 4 28] 32 12 256 15-2556 0.21 9.168-45.0]
BLNAR| O 0 0 0o o0 0 9 9 1.5 256 1.5 - 256 2.831 0.770-10.41
BLPAR] 0O 2 0 2 0 4 19| 23 64 256 2 - 256 43.92 19.33-99/83
Serotypes (non-invasive Al Geometric
isolates) a b d e f typeable NT| Al| MIC50 MIC90 RANGE mean MIC 95% CI
Ampicilin suceptible (BLNAS) 0 0 0 0 1 1 49 49 0.38 0.5 0.062 0.399 0.335-0.47¢
Ampicillin resistant (All) 0 0 0 0 o 0 51| 51 8 256 1.5-256 16.3 9.894 - 30.0]
BLNAR| 0O 0 0 0o o0 0 24| 24 2 256 1.5-12 2.351  1.857 -2.977
BLPAR] O 0 0 0 O 0 27| 27 256 256 6 - 256 91.5 51.27 - 1p3




Table 2. Mutations and groupsftdl (groupl in black, group2 in blue, group3 in greed
group4 in red)

allele
id D350N | S357N A368T| M377I S385T/N L389F A8 | 1449V G490E| A502T/ R517H N526K
4° NO NO NO NO NO NO NO NO NO NO NO NO
6° D350N | NO NO NO NO NO NO NO NO NO NO NO
28 NO NO A368T [ NO NO NO NO NO NO NO NO NO
41 NO NO NO NO NO NO NO NO NO A502T NO NO
50 D350N | NO NO NO NO NO A437S NO NO NO NO NO
52 NO NO NO NO NO NO NO NO NO NO R517H NO
94 D350N | NO NO NO NO NO NO NO NO NO R517H  NO
5 NO NO NO NO NO NO NO 1449V NO NO NO N526HK
20 NO NO NO NO NO NO NO NO NO NO NO N526H
1¢ D350N NO NO M3771 NO NO NO NO NO A502V NO N526H
21 NO NO NO NO NO NO NO NO NO A502T NO N526H
11 D350N NO NO NO NO NO NO NO NO A502V NO N526
23 D350N | NO NO M3771 NO NO NO NO G490H A502V NO NG
42 NO NO NO NO NO NO NO NO G490E| A502V NO N526
91 NO NO NO NO NO NO NO NO G490H NO NO N526
40 D350N | S357N NO M3771 S385T L389H NO NO NO NO NO | N526K
87 D350N | S357N NO M3771 S385T L389H NO NO NO NO NO | N526K
16 D350N | S357N NO M3771 S385T L389H NO NO NO A502T| NO N526K
19 D350N | S357N NO M3771 S385T L389H NO NO G490 NO NO N526K
32 D350N | S357N NO M3771 S385T NO NO NO NO NO R517H NO
26 D350N | S357N NO M3771 S385T L389H NO NO NO NO RE1| NO

49) 4+ 9 %9 ** % H& ' 9

% /

(49 ) : + 9 %9 * * ! % H& ' 9 % /

‘ 9 %9 ** '% H&' 9

% 9 %9 * * '0p H&' 9

9 %9 ** "0 H&' 9
) 9 %9 ** '0ph H&' 9
* 9 %9 ** '0ph H&' 9



Table 3. MIC of beta-lactam antibiotics accordinghe group oftsl sequence among
invasive beta lactamase negative isolates

ftsl o Number of Minimum Maximum Geometric 95% CI of
Antibiotics . mean of ;
groups isolates MIC MIC MIC geometric mean
Groupl 60 0.016 0.500 0.214 0.181-0.254
Group?2 Ampicillin 26 0.032 0.500 0.270 0.220-0.332
Group3 16 0.190 2.000 0.868 0.619-1.216
Group4 7 0.500 256.0 2.192 0.302-15.92
Groupl 60 0.016 1.000 0.455 0.373-0.554
Group2 Amoxicillin 26 0.094 1.000 0.520 0.423-0.640
Group3 16 0.380 6.000 1.857 1.306-2.640
Group4 7 0.750 48.00 3.394 0.775-14.85
Groupl . 60 0.016 5.000 0.461 0.373-0.571
Group2 Ag‘lg\f:j!l'm;’ 26 0.094 1.000 0.496 0.408-0.603
Group3 acid 16 0.750 4.000 1.719 1.303-2.268
Group4 7 0.500 256.0 3.536 0.482-25.93
Groupl 60 0.002 0.047 0.0145 0.012-0.017
Group2 _ 26 0.003 0.064 0.0255 0.020-0.032
Cefotaxim
Group3 16 0.008 0.094 0.045 0.033-0.062
Group4 7 0.125 0.750 0.316 0.162-0.617
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Figure 1.

Distribution of invasive isolates according to goswof age and serotypes
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Figure. 2

A grapeTree based on the 7 MLST loci from 122 gemoiinvasive and the 34 carriage

isolates oH. influenzadrom this study. The nodes were drawn to scalerag to the

number of isolates (indicated by the pie charg@ath node. The white node corresponded to

invasive isolates and the grey nodes to non-ineaswmiates. When the isolates were

typeable, serotypes were shown by the corresponéitegs in red. The other isolates (no

indication) were nontypeable. The ST correspontiingach node was indicated inside the

node. UA (Unassigned) corresponded to ST with resigaed ST in the PUBMLST. The

branches between the nodes were drawn to scaldhemdimber of different alleles between

the two connected nodes is indicated on the branch.



Figure 3.

A neighbour-network based on allelic profiles Ak t130 invasive isolates compared to the
annotated loci of the reference strain Rd KW20dklksquare). Individual isolate is
represented by circles and the colour of the cirdécates the serotype of the corresponding
isolate. The arrows indicate cefotaxim resistanibigs (colours of the arrows are according
to serotypes) that all belonged to grouftsdi(see Table 2). (+) indicate that the corresponding

cefotaxim resistant isolate also produces a beta#dsase.



Figure 4.

Phylogenetic Tree of théisl based on the sequence CLUSTALW multiple alignmaint
amino-acid sequences deduced of the DNA sequerica fisl alleles defined among the
invasive isolates of this study. The tree was \lizad by SplitsTree4 as described in the
Methods section. The fisl groups described in this study are shown in regésn(colours are

according to Table 2).





