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Kingella kingae is the major pathogen causing osteoarticular infections (OAI) in young children in numerous countries. Plas-
mid-borne TEM-1 penicillinase production has been sporadically detected in a few countries but not in continental Europe, de-
spite a high prevalence of K. kingae infections. We describe here for the first time a K. kingae �-lactamase-producing strain in
continental Europe and demonstrate the novel chromosomal location of the blaTEM-1 gene in K. kingae species.

Kingella kingae is the major pathogen causing osteoarticular
infections (OAI) in young children in numerous countries

(1–4). Plasmid-borne TEM-1 penicillinase production has been
sporadically detected in a few countries but not in continental
Europe, despite a high prevalence of K. kingae infections (2–9).

We describe here for the first time a K. kingae �-lactamase-
producing strain in continental Europe and demonstrate the
novel chromosomal location of the blaTEM-1 gene in K. kingae
species.

A healthy 2-year-old girl was admitted with a 1-day history of
typical knee arthritis with moderate clinical and biologic features.
A blood culture remained sterile. As the patient had spontaneous
clinical improvement with neither pain nor fever at 48 h, she was

discharged with no antibiotic treatment. However, since OAI was
suspected, an oropharyngeal sample was obtained, for which a
culture and specific PCR were positive for K. kingae (2, 10). This
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FIG 1 Pulsed-field gel electrophoresis (PFGE) and Southern blot analysis of Kingella kingae penicillinase-producing strains. (A) PFGE of S1 nuclease-digested DNA
allowing visualization of plasmids (A-I) and Southern blot using a blaTEM-1 gene probe (A-II). Lane �, molecular marker; lanes 1, KWG1, 1st isolate of the patient during
arthritis episode at week 0; lanes 2, KWG4, 4th patient isolate at week 4; lanes 3, MAL1, 1st isolate of the patient’s brother at week 1; lanes 4, MAL2, 2nd isolate of the
patient’s brother at week 4; lanes 5, C2005004457, U.S. plasmid-borne �-lactamase producer; lanes 6, ATCC 23330 type strain of K. kingae species, non-�-lactamase
producer. Arrows show the plasmid band (A-I) hybridizing with the blaTEM-1 gene probe (A-II) for the U.S. strain. (B) PFGE of I-CeuI-digested DNA (B-I) and
Southern blots using a 16S/23S rRNA gene probe (B-II) and a blaTEM-1 gene probe (B-III). Lane �, molecular marker; lanes 1, C2005004457, U.S. plasmid-borne
�-lactamase producer; lanes 2, KWG1, 1st patient isolate at week 0; lanes 3, ATCC 23330 type strain of K. kingae species, non-�-lactamase producer. Arrows show
the band (B-I) which hybridized with the 16S/23S rRNA gene probe (B-II) and with the blaTEM-1 gene probe (B-III) for the patient isolate.
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isolate was identified by the nitrocefin method (Oxoid, Ltd., Bas-
ingstoke, Hampshire, England) as a �-lactamase producer. The
MICs of amoxicillin and amoxicillin-clavulanic acid, which were
determined by the Etest method (bioMérieux, Marcy l’Etoile,
France) (11), were 0.5 �g/ml and 0.094 �g/ml, respectively. Iter-
ative throat samples from the patient’s household contacts were
obtained (with the written consent of her parents and with ap-
proval by the institutional review board [IRB00006477]) and cul-
tured at 1, 2, 4, 6, 8, 10, 17, and 28 weeks after the arthritis episode.
All the cultures for the patient and her 9-year-old brother were
positive for the first 10 weeks (KWG and MAL strains, respec-
tively), while PCR results were positive for the samples at up to 17
weeks for both of them. The parents’ throat samples remained
negative. Each isolate was a �-lactamase producer, and a multi-
plex PCR for �-lactamase genes identified a blaTEM-1 gene (12).

According to multilocus sequence typing, the strains harbored
the new sequence type 41 (ST41) belonging to ST complex 14
(STc-14) (13, 14). Randomly chosen KWG and MAL isolates were
indistinguishable (data not shown) by pulsed-field gel electropho-
resis (PFGE) of EagI-digested DNA (New England BioLabs, Inc.,
Ipswich, MA) (7).

No plasmid bands were visualized for the KWG or MAL iso-
lates by PFGE of S1 nuclease-digested DNA (Sigma-Aldrich, St.
Louis, MO), even by Southern blot hybridization with a blaTEM-1

probe (PCR DIG probe synthesis kit; Roche Diagnostics, India-
napolis, IN) (15), in contrast to the results seen with the U.S.
plasmid-borne TEM-1 producer C2005004457 (Fig. 1A) (9). Fur-
thermore, we performed PFGE of I-CeuI-digested DNA (New
England BioLabs, Inc.) by cutting a 26-bp restriction site in the
23S rRNA gene (16). The Southern blot experiments revealed that,
for KWG1, one band hybridized with the blaTEM-1 probe and with
a combined 16S/23S rRNA gene probe, while for the U.S. strain,
the blaTEM-1 probe hybridized elsewhere outside of the chromo-
some (Fig. 1B). This result confirmed that blaTEM-1 is chromo-
somally located for the KWG1 strain.

In conclusion, we describe here the first K. kingae strain in
continental Europe with a chromosomal blaTEM-1 gene that be-
longs to the intercontinental and virulent STc-14 (13, 14), which
did not previously include �-lactamase producers (8). We dem-
onstrated the ability of the KWG strain to persist for a long time in
the patient’s oropharynx and to disseminate to her 9-year-old
brother, although K. kingae is very rarely isolated in the orophar-
ynx after the age of 4 years (17). These results emphasize the risk of
emergence and spread of K. kingae �-lactam-resistant strains.
Oropharyngeal sampling is more sensitive than osteoarticular
sampling for isolating K. kingae (10) and could be an interesting
approach to performing �-lactam susceptibility test.
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