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Although Kingella kingae is the most common etiology of osteoarticular infections in young children, is a frequent cause of bac-
teremia in those younger than 4 years, and has been involved in clusters of invasive infections among daycare center attendees,
the population structure of the species has not been systematically studied. Using multilocus sequence typing, we investigated
the genetic diversity of the largest intercontinental collection of K. kingae strains to date. To facilitate typing of bacterial isolates,
we developed a novel genotyping tool that targets the DNA uptake sequence (DUS). Among 324 strains isolated from asymptom-
atic carriers and patients from Israel, Europe, North America, and Australia with various invasive forms of the disease from 1960
to 2013, we identified 64 sequence types (STs) and 12 ST complexes (STcs). Five predominant STcs, comprising 72.2% of all
strains, were distributed intercontinentally. ST-6 was the most frequent, showing a worldwide distribution, and appeared geno-
typically isolated by exhibiting few neighboring STs, suggesting an optimal fitness. ST-14 and ST-23 appeared to be the oldest
groups of bacteria, while ST-25 probably emerged more recently from the highly evolutive ST-23. Using the DUS typing method,
randomly chosen isolates were correctly classified to one of the major STcs. The comprehensive description of K. kingae evolu-
tion would help to detect new emerging clones and decipher virulence and fitness mechanisms. The rapid and reproducible DUS

typing method may serve in the initial investigation of K. kingae outbreaks.

Kngella kingae is a fastidious Gram-negative coccobacillus and
a normal component of the oropharyngeal microbiota in
young children, with a prevalence reaching to 10% to 12% among
12- to 24-month-old children (1, 2). The optimization of conven-
tional culture techniques and the development of current molec-
ular techniques, such as real-time PCR, led to the recognition of K.
kingae as the major pathogen causing osteoarticular infections
(OAISs) in children younger than 4 years in many countries (3-6)
and as a common etiology of occult bacteremia (7) and, more
rarely, of endocarditis in children and adults (3, 7, 8). Moreover,
six outbreaks of invasive K. kingae infections in daycare centers in
the United States, Israel, and France were recently described (8-
12), with an average infection rate of around 20% (9-11) and up to
an 85% carriage rate among healthy attendees (11), suggesting the
increased colonization fitness, transmissibility, and invasiveness
of some K. kingae clones.

Genetic typing of K. kingae isolates was recently performed
with different molecular methods, including multilocus sequence
typing (MLST), pulsed-field gel electrophoresis (PFGE), single-
locus polymorphisms of the rtxA gene encoding the RTX toxin
(13, 14), and the por gene that encodes the bacterial porin (15).
The typing results revealed noticeable genomic heterogeneity in
the species. To date, 40 MLST sequence types (STs) and 73 PEGE
clones have been identified, as well as 18 rtxA and 12 different por
alleles (13-18). Remarkable congruence has been observed be-
tween the results obtained using different typing methods (16,
18). Some MLST/PFGE groups have been shown to be positively
or negatively associated with specific clinical syndromes, such as
osteoarticular infections, occult bacteremia, or endocarditis (16).
In a previous study of the genetic relationship between the K.
kingae strains as determined by MLST, only 103 isolates derived
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from a few countries, mostly Israel and France, were included
(13). This pioneer investigation revealed that several clones iso-
lated from geographically distant locations were genotypically un-
distinguishable (13).

However, the PFGE and MLST methods, which have been used
for K. kingae typing, are time-consuming, labor intensive, and
costly; therefore, they are inadequate for conducting large-scale
epidemiological studies. Moreover, single-gene typing methods
that target virulence genes, such as rtxA, cannot be used because
they are potentially subjected to selective pressure by the host’s
immune response, as well as horizontal transfers, with the same
rtxA and por alleles observed in distantly related STs (13, 18).
Therefore, the development of a rapid and cost-effective method
is still pending. The DNA uptake sequence (DUS) is a short se-
quence required by certain bacteria, notably Neisseriaceae, for the
acquisition of extracellular DNA (19, 20). The DUS, recently iden-
tified in K. kingae, consists of 12 nucleotides that are present on
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TABLE 1 Distribution of 324 Kingella kingae isolates by country of origin and clinical syndrome

No. of isolates causing the indicated clinical syndrome and originating from:

Total no.
Clinical syndrome” Israel France Spain Canada United States Iceland Norway Russia Australia of isolates
Healthy carriage 97 4 1 2 1 1 106
OAI 31 52 25 17 14 14 153
SSTI 3 3
Occult bacteremia 26 3 7 2 2 40
Endocarditis 10 2 1 13
Unknown 4 5 9
Total 164 68 33 24 16 14 3 1 1 324

“* OAl, osteoarticular infection; SSTI, skin and soft tissue infection.

either the positive or negative DNA strand and are repeated in
2,787 copies in the ATCC 23330 K. kingae type strain genome (19).
Given that the genome size of K. kingae is approximately 2 Mb (21,
22), the DUS should be randomly repeated, on average, every 500
to 1,000 bp; therefore, we hypothesized that these 12 nucleotides
may serve as a potential PCR target for studying the genomic
polymorphism of the strains using a one-primer amplification
method.

In the current study, we provided a comprehensive description
of the genetic diversity of K. kingae isolates by MLST on the largest
intercontinental collection of 324 strains. Additionally, we devel-
oped a novel, rapid, and cost-effective molecular tool, based on
DUS typing (DUST), to discriminate among the major ST com-
plexes (STcs). This method may be used as a practical tool for
rapidly investigating epidemiologically linked cases of K. kingae
disease.

MATERIALS AND METHODS

Bacterial strains. We collected 366 K. kingae isolates that have been iso-
lated since the 1960s from different clinical and geographical origins.
Among them, 42 isolates were epidemiologically related, derived from the
same patient or from outbreaks of invasive disease. These 42 isolates were
not utilized for the phylogenetic study, but a fraction of them was used to
assess the performance of the DUST method.

Overall, 324 unrelated isolates were included in the phylogenetic
study. The distributions of those isolates by country of origin, clinical
syndrome, and year of isolation are indicated in Table SI in the supple-
mental material. Some of these strains (n = 134) from Israel (n = 92),
France (n = 29), the United States (n = 5), Iceland (n = 4), Norway (n =
3), and Russia (n = 1) were used previously in typing studies (13, 18).

Multilocus sequencing typing. A detailed description of the MLST
method has been published elsewhere (13). Briefly, fragments of 6 house-
keeping genes (abcZ, adk, aroE, cpn60, gdh, and recA) were analyzed for
the MLST. The STs and gene alleles identified are available at the Pasteur
Institute of Paris website (http://www.pasteur.fr/recherche/genopole/PF8
/mlst/Kingella_kingae.html).

The genomic relatedness within the population of strains (13, 18) was
investigated by comparing allelic profiles using the minimum spanning
tree method employing the BioNumerics software (version 7.1; Applied-
Maths, Belgium). Isolates were grouped into ST complexes (STcs) if they
differed at no more than one locus from at least one other member of the
group. Founder genotypes of STcs were defined as the ST of the STc with
the highest number of neighboring STs (single-locus variants).

DNA uptake sequence typing. DNA was extracted from specimens
with the BioRobot EZ1 workstation using the EZ1 DNA tissue kit
(Qiagen, Courtaboeuf, France) according to the manufacturer’s recom-
mendations and stored at —80°C. The DUS, previously described for K.
kingae (19), was used to design the primer king3DUS (5'-AAGCAGCCT
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GCA-3"). DNA PCR amplification was performed in a 50-pl reaction
mixture that contained 25 pl of multiplex PCR master mix and 10 wl of
Q-Solution (Qiagen), 1 pl of primer stock solution (50 wM), and 2 pl of
DNA (5 ng/pl). Preliminary experiments were performed to determine
the optimal amplification conditions and annealing temperatures (rang-
ing from 40°C to 65°C) and different durations of the elongation step (30
sto 3 min) (data not shown). Optimal amplification was obtained with an
iCycler (Bio-Rad, Marnes la Coquette, France), with an initial step of 15
min at 95°C followed by 30 cycles of 30 s at 95°C, 30 s at 40°C, 1 min 30 s
at 72°C, and a final extension step of 7 min at 72°C. The amplification
products were stained with ethidium bromide and visualized under UV
light after a 70-min migration at 135V in 2% high-resolution agarose gel.
Bands below 300 bp and above 1,500 bp were excluded from the analysis
because of the variability in their intensities, and the genetic relationship
between the strains was determined by comparing fingerprint profiles
using the curve-based Pearson correlation (optimization, 0.5%; curve
smoothing, 0%). A dendrogram was constructed by using the un-
weighted-pair group method using average linkages (UPGMA) method
(branch quality, cophenetic correlation) with BioNumerics software (ver-
sion 7.1; Applied-Maths, Belgium).

Statistical analysis. The potential of individual K. kingae ST's to cause
a specific syndrome was assessed using a previously described method
(16). Briefly, an odds ratio (OR) was calculated as follows: the OR for
ST-m is equal to (ad)/(bc), where a is the number of isolates belonging to
ST-mr causing a syndrome, b is the number of ST-r isolates causing other
syndromes, ¢ is the number of non-ST- isolates causing the given syn-
drome, and d is the number of non-ST-m isolates causing other syn-
dromes. For instance, an OR of >1 indicates an increased probability for
a given ST to cause a specific syndrome, and an OR of <1 indicates a
reduced probability for the ST. We computed 95% confidence intervals
(CIs) by means. When the 95% CI did not include the unity, the observed
OR was considered statistically significant.

Categorical variables were compared with the chi-square test or
Fisher’s exact test, as appropriate.

All tests were performed using the R statistical package version 3.1.0 (R
Foundation for Statistical Computing, Vienna, Austria). A P value of <0.05
was considered significant for all comparisons.

RESULTS

Spatiotemporal distribution of major K. kingae STcs. We per-
formed MLST analysis on 324 epidemiologically unrelated strains
isolated from patients with a variety of invasive K. kingae infec-
tions or from asymptomatic carriers, comprising 64 strains from
France, 164 from Israel, 16 from the United States, 14 from Ice-
land, 33 from Spain, 24 from Canada, 1 from Russia, and 1 from
Australia, as well as on 7 K. kingae strains available in the Pasteur
Institute of Paris collection (4 from France and 3 from Norway)
(Table 1). The MLST minimum spanning tree of all these strains,
considering their country of isolation, is depicted in Fig. 1. A total
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FIG 1 Minimum spanning tree analysis, using BioNumerics version 7.1, of the 324 Kingella kingae isolates based on allelic profiles of 6 housekeeping genes. Each
circle corresponds to a sequence type (ST). The ST number is given beside the circle, and the size of the circle is related to the number of isolates found with that
profile (from 1 for small circles [e.g., ST-1] to 60 [e.g., ST-6]). Each color inside the circles represents the geographical origin of the strains (green, Israel; red,
France; orange, Spain; khaki, Canada; pink, Iceland; blue, Norway; yellow, United States; purple, Australia; and turquoise, Russia). Gray zones between some
groups of circles indicate that these profiles belong to the same ST complex. Width of the line joining two STs indicates the number of alleles differing. *, One
strain of the ST was responsible for an outbreak of K. kingae invasive infections at a daycare center in the country related to the colored background.

of 64 STs and 12 STcs were identified. Five STcs (namely, STc-6,
-14, -23, -25, and -35) were clearly predominant (each represent-
ing >5% of the entire strain population) and collectively repre-
sented 234 (72.2%) strains, including 70 (21.6%), 63 (19.4%), 51
(15.7%), 30 (9.3%), and 20 (6.2%) strains, respectively. STc-23
and STc-25 shared the ST-62, while the other 3 predominant STcs
were distantly related (Fig. 1). The 5 main STcs showed remark-
able intercontinental distributions (Fig. 1), although some STcs
were overrepresented in some countries. In comparison to the
distributions from all other countries, ST-25 and ST-14 were
overrepresented in France (21/68, 30.9%) and in Spain (17/33,
51.5%) (P < 0.001, chi-square test), while they were both under-
represented in the Israeli set (0.6% were ST-25, and 3% were ST-
14; P < 0.001) (Table 2).

Some of the predominant STcs showed remarkable persistence
over time (Fig. 2). For, instance, some strains belonging to STc-23
and STc-14 were isolated in the 1960s and the 1970s, respectively.
In contrast, no isolates belonging to STc-25 were found before
2002, which may suggest that it is a newly emerged clone (Fig. 2).
Of note, strain ATCC 23330, which has a noninvasive origin and is
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the oldest K. kingae strain available, is the sole isolate of ST-1 (Fig.
1). Our work indicates, on a large scale, that this strain is not
representative of the major STcs or of K. kingae species as a whole.
While studying the ratio between the number of strains be-
longing to a founder ST (defined as the ST with the highest num-
ber of neighboring STs within a given STc¢) and the total number
of strains included in that STc, we observed significant differences.
Indeed, ST-23 included only 16 of 50 (32%) isolates of STc-23,
whereas ST-6 represented 85.7%; ST-14 included 71.4%, ST-25
included 96.6%, and ST-35 included 80% of their respective STcs
(P <0.001). Moreover, ST-23 was the founder of 3 important STs
containing >5 strains each (ST-21, ST-22, and ST-24), while the
other main STcs were composed of numerous minor STs (Fig. 1).
These results may suggest that ST-23 is highly evolutive, giving
origin to multiple and epidemiologically successful STs.
Relationship between STs and clinical syndromes. Among
324 isolates, the clinical origins were known in 315 (97.2%) cases,
including 106 (33.7%) derived from healthy carriers, 153 (48.6%)
from patients with OAI, 40 (12.7%) with occult bacteremia, 13
with endocarditis (4.1%), and 3 (1.0%) with skin and soft tissue
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TABLE 2 Distribution of the 5 most frequent sequence types by country of isolation

No. (%) of isolates with the indicated ST and originating from:

Total no. (%)

ST Israel France Spain Canada United States of isolates
ST-6 26 (15.9) 11 (16.2) 7(21.2) 5(20.8) 5(31.3) 60 (18.5)
ST-14 5(3.0)" 12 (17.6) 17 (51.5)° 8 (33.3) 3(18.8) 45 (13.9)
ST-23 8 (4.9) 1(1.5) 1(3.0) 3(12.5) 2 (12.5) 16 (4.9)
ST-25 1(0.6)" 21(30.9)" 3(9.0) 1(4.2) 0 (0.0) 28 (8.6)
ST-35 9 (5.5) 4 (5.9) 0 (0.0) 1(4.2) 0 (0.0) 16 (4.9)
Total 164 (100) 68 (100) 33 (100) 24 (100) 16 (100) 324 (100)

“ Sequence type.

¥ P < 0.001 compared to the all-other-countries distribution of the given ST by the chi-square test.

infections (Table 1). Three of the major STs were significantly
associated with a specific syndrome (Table 3). ST-14 and ST-25
were positively associated with OAT and negatively associated with
healthy carriage, while ST-24 (belonging to STc-23) was signifi-
cantly associated with endocarditis (Table 3). Altogether, all other
minor STs were significantly and positively associated with
healthy carriage, especially ST-3, ST-34, and ST-5 (P < 0.001), as

3
39

n Decades
2 1960s
2 1970s [
3 1980s W
47 1990s [ Number of different
159 2000s M alleles between STs:
110 2010s [ L . 5
1 Unknown || 2 4

well as ST-11 and ST-27 (P = 0.003) (data not shown), whereas
they were negatively associated with OAI (Table 3).

The strains responsible for four daycare center outbreaks re-
ported worldwide (8-11) belonged to four different STs (Fig. 1).
Indeed, isolates of the U.S. outbreaks belonged to ST-14 (8) and
ST-23 (9), while ST-6 was involved in a cluster of disease at an
Israeli facility (10), and ST-25 was involved in a French outbreak

FIG 2 MLST minimum spanning tree analysis, using BioNumerics version 7.1, of the 324 Kingella kingae isolates depending on their year of isolation. Each color
inside the circles represents the decade of isolation (white, unknown; black, 1960s; turquoise, 1970s; blue, 1980s; green, 1990s; orange, 2000s; and red, 2010s).
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TABLE 3 Distribution of the sequence types of Kingella kingae by clinical syndromes

Data by clinical syndrome”

Carriage OAI Occult bacteremia Endocarditis
All syndromes

ST n OR (95% CI) P n OR (95% CI) P n  OR(95%CI) P n  OR(95% CI) P (no.)*
6 13 0.51 (0.24-1.02) 0.047 30 NS 11 NS 4 NS 60

14 3 0.13 (0.02-0.41) <0.001 32  3.66(1.77-7.94)¢ <0.001 6 NS 0 NS 45
22°¢ 4 NS 7 NS 2 NS 0 NS 13
23¢ 5 NS 6 NS 3 NS 1 NS 16
24°¢ 4 NS 3 3 NS 3  9.89(1.50-48.62) 0.009 13

25 4 0.33 (0.08-0.99) 0.035 18 2.42(1.02-6.09) 0.03 0 NS 1 NS 28

35 4 NS 8 NS 3 NS 0 NS 16
Other 72  5.54(3.27-9.55) <0.001 49  0.50 (0.31-0.81)  0.003 12 4 NS 133
Total 106 153 40 13 324

“ ST, sequence type.
¥ OR, odds ratio; CI, confidence interval; OAI, osteoarticular infection; NS, not significant.

¢ All represented strains from carriage, OAI, occult bacteremia, endocarditis, skin and soft tissue, and unknown origins.

4 Bold type represents significant positive association.
¢ Belonged to ST-23.

J‘Among these, other STs, including ST-3, ST-34, and ST-5 (P < 0.001) and ST-11 and ST-27 (P = 0.003), were positively associated with healthy carriage.

(11) (Fig. 1). The fact that the strains causing outbreaks, which
had high infection rates and high colonization rates among
healthy attendees, occurred in four different locations and be-
longed to four of the main invasive STs strengthens the hypothesis
that these main predominant STs possess biological advantages
that allow them to colonize the upper respiratory tract, dissemi-
nate from person to person, and cause invasive infections.

DUST is a rapid and efficient first-line typing tool. To de-
velop a rapid and simple tool for epidemiological study, we hy-
pothesized that the highly ubiquitous DUS, present in the K. kin-
gae genome, may serve as a potential PCR target for studying
genomic polymorphism (19). Of note, the DUS typing method
amplifies sequences located between two DUS and not the DUS by
itself. Therefore, each sequence between two DUS is unique. Ini-
tially, we performed DUST on strains belonging to each of the 9
major STcs (containing >5 isolates each) and observed 8 different
clusters. Two highly related STcs (STc-23 and STc-25) exhibited
similar patterns (Fig. 3A).

Then, to confirm the reproducibility of this PCR assay, we
performed multiple experiments on the ATCC 23330 strain in
quadruplicate using the same DNA extract, with DNA derived
from 2 different subcultures, and using the same DNA extract at
1/4, 1/16, and 1/64 dilutions. No significant differences between
experimental results were observed (Fig. 3B and C), indicating the
robustness of this technique.

Furthermore, we performed DUS amplification on 8 randomly
chosen strains belonging to each of the 9 major STcs (STc-1,
STc-3, STc-6, STc-11, STc-14, STc-23, STc-25, STc-34, and STc-
35) and in all the strains if the STc contained fewer than 8 strains,
with the results presented in the dendrogram depicted in Fig. 4.
We observed clusters of similar patterns between strains belong-
ing to a given STc with >95% similarity, independent of the geo-
graphical origin of the strains (Fig. 4). All strains but one (ST-14-
BOU) belonging to a given ST exhibited >97% similarity. Of
particular interest, four epidemiologically related strains (STF5A,
STF12A, STF15A, and STF16B), involved in the French daycare
facility outbreak and belonging to ST-25 (11), were correctly
linked by the DUST method (Fig. 4).

3894 jcm.asm.org

Finally, we performed DUST on one randomly chosen strain
belonging to 9 minor STs (which included at least two isolates
each), and we observed 8 different profiles (see Fig. S1 in the sup-
plemental material).

DISCUSSION

In this study, we described the wide genetic diversity of the K.
kingae species on the largest intercontinental strain collection to
date. Interestingly, only 5 STcs represented 72.2% of the whole
population, and each was intercontinentally distributed, suggest-
ing a high dissemination potential.

Genotypic and spatiotemporal analyses allowed a step forward
in acquiring knowledge about K. kingae genetic evolution. ST-23
appeared as a highly evolutive ST, giving origin to multiple and
epidemiologically successful STs. ST-23 contained one of the old-
est isolates, while ST-25 appeared to be a recently emerged ST.
ST-23 and ST-25 were closely related, exhibiting 4 of 6 alleles in
common, and shared the locus variant ST-62. Sequences of the
two discordant alleles (abcZ and aroE) from the ST-23 and ST-25
strains differed by one nucleotide each, and these two nucleotides
were identical in both ST-23 and Kingella oralis ATCC 51147, the
most closely related species (data not shown). Altogether, these
results suggest that ST-25 originally evolved from ST-23 and
might have derived from ST-62 more recently.

Conversely, ST-6 appeared as an ST with optimal fitness. In-
deed, it was quantitatively the predominant ST, represented in
18.5% (60 of 324) of all the typed strains; it was found in the four
studied continents, it had very few neighboring ST, each contain-
ing a limited number of isolates, and it was distantly related to all
other members of the species. Moreover, ST-6 was previously re-
ported as common in Israel among healthy carriers and patients
with invasive K. kingae infections (14, 16, 23). Thus, these results
support the hypothesis that ST-6 has a successful evolutionary
history and has reached an optimal equilibrium between en-
hanced colonization fitness, high transmissibility, and remarkable
virulence.

Using the large intercontinental collection of K. kingae strains,
we attempted to associate STs and clinical syndromes to confirm
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FIG 3 Gel electrophoresis of the PCR targeting the Kingella kingae DNA uptake sequence. (A) One K. kingae strain was used for each of 9 studied sequence type
complexes (STcs). Lane 1, STc-1; lane 2, STc-3; lane 3, STc-35; lane 4, STc-6; lane 5, STc-14; lane 6, STc-34; lane 7, STc-23; lane 8, STc-25; lane 9, STc-11; lanes
L, DNA ladders. (B) Independent experiments using DNA extract of K. kingae type strain ATCC 23330 in quadruplicate using the same DNA extract (lanes 1 to
4) and with DNA derived from two different subcultures (lanes 5 and 6). Lanes L, DNA ladders. (C) Different dilutions of the DNA extract of K. kingae type strain
ATCC 23330. Lane 1, pure; lane 2, 1/4; lane 3, 1/16; lane 4, 1/64; lane L, DNA ladders.

the results of our previous study on 181 Israeli invasive isolates
(16). It was observed that clone K/ST-6 was associated with occult
bacteremia, clone P/ST-24 with endocarditis, and clone N/ST-35
with OAI (16). In the current study, among 209 invasive strains
with a known clinical source (67 from Israel and 142 from else-
where), we found that ST-14 and ST-25 were also associated with
OAI and confirmed that ST-24 is associated with endocarditis.
However, as occult bacteremia strains are mainly from Israel, we
were unable to confirm their association with ST-6 in our inter-
continental collection. Similarly, interpretation of the association
between STs and healthy carriage, which we highlighted, should
be done with caution since 97/106 (91.5%) carriage strains were
from Israel. Exploring the associations between STs and clinical
syndromes may be useful to better understand the pathophysiol-
ogy of K. kingae infections and to interpret the presence of K.
kingae strains in the oropharynx of infected patients without
osteoarticular sampling.

Genotyping studies using PFGE and MLST have allowed re-
searchers to describe the genetic diversity of the K. kingae species
(13, 14) and investigate the genetic relatedness between the
strains, notably during outbreaks (8—11). However, these geno-
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typing tools are time-consuming and labor-intensive. Based on
the phylogenetic organization of the species that we described, we
developed a novel and rapid molecular typing tool targeting the
DUS. We observed that DUST was able to correctly classify ran-
domly chosen isolates to 1 of the 9 major STcs that represented
86.4% (280/324) of all strains. DUST was easy to implement, sug-
gesting that it may be a suitable method for a first-line investiga-
tion of outbreaks, because it enables reliable discrimination be-
tween genetically unrelated strains in <4 h and ata cost of <5 U.S.
dollars per strain. However, further analysis using more discrim-
inatory methods, such as MLST or PFGE, will be required to con-
firm the genetic linkage between strains. However, further expe-
rience and validation of the DUST method by using traditional
methods with additional strains, such as MLST or PFGE, are
needed.

In conclusion, K. kingae exhibits a wide genetic diversity, but
only a few STcs are strongly predominant, internationally distrib-
uted, and responsible for the majority of diseases occurring world-
wide. Our results suggest that these leading STcs possess some
genetic determinants that give them the ability to disseminate
from person to person and to cause invasive infections. Different

jcm.asm.org 3895


http://jcm.asm.org

Basmaci et al.

e ST and strain Country  STc
ST-11:KK200 Israel
ST-11-KK63 Israel
ST-11-KKSE Israel
ST-11-SCHA29 Israel > STe-11
STI2-AA105 Israel
ST-12-AK255 Israel
ST-12USA108 USA
ST-6:KK107 lsrael Y\
ST-6.USA111 USA
ST-6-AA242 Israel
ST-46-FOF France
ST-45ICE158 Iceland >ST°'6
ST-6.0AS France
ST-7-KK172 Israel
ST-7-KK240 Israel
ST-21-AA024 Israel
ST-22-BB012 Israel
ST-22.KK81 Israel
ST-22.USA116  USA
ST-22.ICE154 Iceland > Sle2
ST-23-N6318 France
ST-24-KK190 Israel
ST-23.USAMO  USA
ST-25.STF15A France
ST-25.STF 168 France
ST-25-5TF12A France
ST-26-SAI11985  France > Siea
ST-25.BIA France
ST-25.5TF5A France
ST-25.8U8 France
ST-25.R99 France
ST-39-AAG8T lsrael
ST-39PVC1618 jsrael
ST-3-AAS528 Israel
ST-3.88033 Israel
ST-3- PER486 Israel stes
ST3PVC339 Israel
ST-39-AA545 Israel
ST-3-AA04E lsrael )
ST-34-EE160 srael
ST-38-KK247 Israel
ST-34-AMT8 Israel
ST-34-132307 Israel
ST-34-AA430 Israel Sle
ST-34-AA348 Israel
ST-34-88114 lsrael
ST-33.KK245 Israel
ST-35.KKT5 Israel
ST-35.5CH1931  lsrael
ST-35ICE148 Iceland
ST-35.0UT France
ST-35.5CH1136  lsrael R
ST-35-AA068 Israel
ST-36:KK158 Israel
ST-35KK141 Israel
ST-37-AA026 Israel
ST-18KK154 Israel
STABWAN France
ST-15KKB4 Israel STeu
ST-14USA147 USA
STA4KKI2 Israel
ST-42DER1 France
ST-148B0U France
ST2-ICE151 Iceland )
ST2KK112 lsrael
ST2.5CH545 erael
ST2KKE0 lsigel > STed
ST-2-KK88 Israel
ST-2.8B060 Israel
ST1-ATCC23330  Noway

FIG 4 Dendrogram, using Pearson’s correlation and constructed by using the
UPGMA method, of PCR targeting the DNA uptake sequence on 7 to 8 ran-
domly chosen Kingella kingae strains for each of the 9 main sequence type
complexes (STcs). Fingerprint profiles are shown beside the strains name, their
sequence type (ST), STc, and geographical origin. Strains exhibiting >97%
similarity (dotted line) were considered undistinguishable, and a cluster of
similar patterns was defined by >95% similarity (dashed line).
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evolutionary potentials were observed between the main STs;
ST-23 is probably the most successfully evolving clone, whereas
ST-6 appears to have optimal fitness. This comprehensive descrip-
tion of K. kingae evolution may help researchers to detect new
emerging clones and determine strains that have to be studied to
decipher virulence and fitness mechanisms. The novel DUST
method may be very useful for providing rapid discrimination
between the main STcs and may serve as an initial molecular tool
for the epidemiological investigation of clusters of invasive K. kin-
gae disease. This approach can probably be easily applied to other
bacterial species typing, specifically to other members of the Neis-
seriaceae family.
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