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In vitro Activity of Ceftaroline Against an International 
Collection of Kingella kingae Isolates Recovered From Carriers 

and Invasive Infections
Joshua M. Maher , PhD,* Rodrigo E. Mendes , PhD,* Holly K. Huynh , BS,* Eric A. Porsch, PhD,†  

Joseph W. St. Geme III , MD,†‡ Pablo Yagupsky, MD,§ and John Bradley, MD¶‖      

Background: Improvements in blood culture techniques and molecular-
based diagnostics have led to increased recognition of Kingella kingae as 
an invasive human pathogen causing bacteremia, septic arthritis, osteomy-
elitis and endocarditis in young children. Serious disease and potentially 
life-threatening complications of infection due to K. kingae necessitate 
timely identification and appropriate antimicrobial therapy. Ceftaroline 
is a fifth-generation broad spectrum cephalosporin that possesses activity 
against Gram-negative and Gram-positive pathogens similar to third-gener-
ation cephalosporins, but also includes methicillin-resistant Staphylococcus 
aureus. This study reports the in vitro activity of ceftaroline and comparator 
agents against an international collection of K. kingae isolates.
Methods: A collection of 308 K. kingae isolates was obtained primarily 
from children with bacteremia, endocarditis, osteoarticular infections or 
from asymptomatic pediatric carriers. Isolates were tested for antibiotic 
susceptibility using Clinical and Laboratory Standard Institute broth micro-
dilution methodology and screened for β-lactamase production using a 
nitrocefin chromogenic test.
Results: Ceftaroline inhibited all K. kingae isolates at ≤0.06 mg/L (MIC

50/90
, 

0.015/0.03 mg/L). Ceftaroline MICs were similar to results with ceftriaxone 
(MIC

50/90
, 0.015/0.015 mg/L), meropenem (MIC

50/90
, 0.015/0.015 mg/L) 

and ampicillin–sulbactam (MIC
50/90

, 0.06/0.06 mg/L). Ceftaroline MICs 
were slightly lower than MICs for cefuroxime and amoxicillin/clavulanate 
(MIC

50/90
, 0.06/0.12 mg/L). MICs were high for clindamycin (MIC

50/90
, 

2/4 mg/L) and oxacillin (MIC
50/90

, 4/8 mg/L). Sixteen isolates (5.2%) 
yielded a positive nitrocefin test indicating production of β-lactamase; cef-
taroline demonstrated equivalent MICs against β-lactamase–positive and 
β-lactamase–negative strains (MIC

50/90
, 0.015/0.3 mg/L).

Conclusions: The potent activity of ceftaroline against this large interna-
tional collection of K. kingae isolates supports further clinical evaluation 
in children.

Keywords: Kingella kingae, ceftaroline, susceptibility

(Pediatr Infect Dis J 2022;XX:00–00)

INTRODUCTION
Kingella kingae is a Gram-negative coccobacillus that is a 

component of the normal oropharyngeal microbiota in children 
6–48 months of age.1–3 Although K. kingae is frequently carried 

asymptomatically, improved detection methods—including inocu-
lating blood culture vials with skeletal system exudates, target 
polymerase chain reaction assays and universal 16S rDNA ampli-
con sequencing—have led to increased recognition of this fastidi-
ous organism as an invasive human pathogen.3,4 K. kingae has been 
recently recognized as the most common etiology of joint and bone 
infections in children 6–48 months of age and is an important cause 
of bacteremia in young children and bacterial endocarditis in chil-
dren and adults.1,3,5 The K. kingae disease burden in children is 
likely to be underestimated based on challenges in diagnosis. The 
risk of potentially serious disease and life-threatening complica-
tions due to K. kingae underscores the need for rapid microbiologi-
cal identification and administration of appropriate antimicrobial 
therapy.1,6

When making decisions about antimicrobial therapy, 
the pediatric patient population affected by K. kingae requires 
special consideration. In bone and joint infections, causative 
pathogens beyond K. kingae include Staphylococcus aureus and 
Streptococcus pyogenes and antimicrobial therapy often consist 
of intravenous oxacillin, cloxacillin or a second-generation or 
third-generation cephalosporin.7 When bone and joint infections 
are a result of methicillin-resistant S. aureus (MRSA), therapeu-
tic options often narrow to vancomycin or clindamycin, which 
lack activity against K. kingae.8 Importantly, some isolates of 
K. kingae produce a β-lactamase.9,10 Therefore, the empiric anti-
microbial strategy to treat invasive bone and joint infections in 
children must consider coverage against both Gram-positive and 
Gram-negative organisms.

Ceftaroline fosamil—a N-phosphoamino water soluble 
prodrug cephalosporin—contains the active metabolite ceftaro-
line.11,12 This fifth-generation broad spectrum cephalosporin pos-
sesses activity against common Gram-positive pathogens found in 
bacterial skin and skin structure infections and community-acquired 
pneumonia, including MRSA.13,14 Additionally, ceftaroline demon-
strates activity against respiratory tract Gram-negative pathogens, 
including Moraxella catarrhalis, Haemophilus parainfluenzae and 
H. influenzae, along with other enteric bacilli.15 Efficacy against 
β-lactam–resistant S. aureus can be explained by the high affin-
ity of ceftaroline for staphylococcal PBPs 1, 2 and 3 and MRSA 
PBP2a.16,17 Although the literature describes the potent activity 
of ceftaroline compared with its earlier generation cephalosporin 
predecessors, the activity of ceftaroline against K. kingae isolates 
remains unknown. This study reports the in vitro activity of ceftaro-
line and comparator agents against an international collection of K. 
kingae isolates.

MATERIALS AND METHODS

Bacterial Isolates
A collection of 308 international K. kingae isolates was 

obtained from Israel, New Zealand, Europe (France, Iceland, Spain 
and Switzerland), and North America (Canada and USA) from 
patients with invasive infections or from asymptomatic carriers 
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between 1960 and 2021.2,3 Isolate sources were divided into 5 cat-
egories: asymptomatic carrier, bacteremia, endocarditis, osteoar-
ticular infection and unknown. Osteoarticular infection included 
osteomyelitis, septic arthritis, spondylodiscitis and tenosynovitis. 
Isolates recovered from blood cultures drawn from patients with 
focal diseases, including septic arthritis and endocarditis, were 
categorized as osteoarticular infections or endocarditis, respec-
tively. Identification was confirmed using matrix-assisted laser 
desorption ionization-time of flight mass spectrometry using the 
MALDI Biotyper (Bruker Daltonics, Billerica, MA) according to 
manufacturer’s instructions. All isolates were tested for production 
of β-lactamase using a nitrocefin disk test (BD BBL Cefinase, cat. 
no. 231650).

Susceptibility Testing
Broth microdilution methods was performed according 

to Clinical and Laboratory Standard Institute (CLSI) guidelines 
for testing ceftaroline and comparator agents.18 The β-lactam/β-
lactamase inhibitor combinations used a 2:1 ratio for ampicillin–
sulbactam and amoxicillin–clavulanate, whereas a 1:19 ratio was 
applied for trimethoprim–sulfamethoxazole. Frozen-form broth 
microdilution panels were manufactured by JMI Laboratories con-
taining cation-adjusted Mueller-Hinton broth with 5% lysed horse 
blood. Quality assurance was performed by concurrently testing 
CLSI-recommended quality control reference strains, including 
Escherichia coli ATCC 35218 and S. pneumoniae ATCC 49619. 
CLSI susceptibility breakpoints were used to determine susceptibil-
ity and resistance rates for comparator agents, where available.18,19 
In addition, susceptibility results were analyzed by β-lactamase 
production.20

RESULTS
The K. kingae isolates in this study originated predominantly 

from patients in Israel (177; 57.5%), Spain (42; 13.6%) and France 
(34, 11.0%). The remaining isolates (17.9% of the total) came from 
patients in the USA (28), Canada (12), Iceland (9), Switzerland 
(2) and New Zealand (4). Overall, 80.2% (247/308) of the isolates 
originated from invasive infections and 16.2% (50/308) were from 
carriers. The associated clinical condition (invasive infection or car-
rier) was unknown for 11 (3.6%) isolates. Of the invasive isolates, 
65.6% (n = 162/247) were from osteoarticular infections, 29.6% (n 
= 73/247) from bacteremia, and 4.9% (n = 12/247) from endocardi-
tis. While the collection primarily contained isolates from children 
(n = 244), adult isolates were also included (n = 7). Age informa-
tion was unavailable for most of the invasive isolates from patients 
in France, Canada and New Zealand; however, it was assumed that 
most of these isolates were from children because bacteremia and 
bone and joint infections in which K. kingae is the causative agent 
are extremely rare in adult patients.

Ceftaroline inhibited all K. kingae isolates at ≤0.06 mg/L 
(MIC

50/90
, 0.015/0.03 mg/L; Table 1). The ceftaroline MIC results were 

like those of ceftriaxone (MIC
50/90

, 0.015/0.015 mg/L), meropenem 
(MIC

50/90
, 0.015/0.015 mg/L), ampicillin (MIC

50/90
, 0.03/0.06 mg/L) 

and ampicillin–sulbactam (MIC
50/90

, 0.06/0.06 mg/L). Other β-
lactam agents and β-lactam/β-lactamase inhibitor combinations 
yielded low MIC values against this collection, including cefuro-
xime (MIC

50/90
, 0.06/0.12 mg/L) and amoxicillin–clavulanate 

(MIC
50/90

, 0.06/0.12 mg/L). The isolates exhibited higher MIC val-
ues for clindamycin (MIC

50/90
, 2/4 mg/L). The activity of ceftaroline 

and comparators was similar against carrier and invasive isolates, 
except for trimethoprim–sulfamethoxazole and ampicillin, which 
had MIC

90
 values that were 4-fold higher against carrier isolates (8 

and 0.25 mg/L, respectively) than against invasive isolates (MIC
90

, 2 
and 0.06 mg/L, respectively).

Of the 308 isolates, 16 (5.2% of collection) yielded a positive 
nitrocefin test, indicating production of a β-lactamase. Ceftaro-
line demonstrated equivalent MIC results against β-lactamase–
positive (MIC

50/90
, 0.015/0.03 mg/L) and β-lactamase–negative 

strains (MIC
50/90

, 0.015/0.03mg/L). Oxacillin demonstrated 
similar MIC values against both β-lactamase–positive (MIC

50/90
, 

8/16 mg/L) and β-lactamase–negative (MIC
50/90

, 4/8 mg/L) 
isolates. Decreased susceptibility was observed for ampicil-
lin (MIC

50/90
, 0.5/2 mg/L), ampicillin–sulbactam (MIC

50/90
, 

0.12/0.25 mg/L) and trimethoprim–sulfamethoxazole (MIC
50/90

, 
8/>8 mg/L) against β-lactamase–positive isolates compared with 
their β-lactamase–negative counterparts (MIC

50/90
, 0.03/0.06, 

0.06/0.06 and ≤0.06/2 mg/L, respectively). Amoxicillin–clavu-
lanate, ampicillin–sulbactam, azithromycin, ceftriaxone, levo-
floxacin and meropenem remained active (100% susceptible 
per CLSI) against all K. kingae isolates, whereas ampicillin and 
trimethoprim–sulfamethoxazole had decreased susceptibility 
against β-lactamase–positive isolates (81.2% and 6.2% suscep-
tible) compared with β-lactamase–negative isolates (100% and 
84.9% susceptible).

DISCUSSION
Bone and joint infections in young children are medical 

emergencies. If not promptly diagnosed and adequately treated, 
these infections can result in severe morbidity and devastating 
functional sequelae.21 Traditionally, H. influenzae type b and Gram-
positive bacteria such as S. aureus, S. pyogenes and S. pneumo-
niae were the most common bone and joint infection pathogens 
in preschool-age children.22–25 In recent years, profound changes 
in the etiology of pediatric osteoarthritis as a result of conjugate 
vaccine implementation against H. influenzae type b26 and S. pneu-
moniae,27 increased prevalence of community-associated MRSA 
(CA-MRSA),28 and the emergence of K. kingae as an important 
pathogen causing bone and joint infections and tenosynovitis in 
children aged 6–48 months.21,29

Naturally, these etiological changes have significant impli-
cations for the empiric antimicrobial therapy of these infections, 
pending the results of blood cultures, molecular assays and suscep-
tibility testing. In regions where the prevalence of MRSA remains 
low (<10% of clinical isolates), isoxazolyl penicillins offer appro-
priate coverage of Gram-positive pathogens; however, K. kingae 
seem to be less susceptible to these penicillins (oxacillin MIC

50/90
, 

4/8 mg/L). With this information in mind, it is notable that Kenne 
et al. described a clinical case of spondylodiscitis treatment fail-
ure with high-dose and prolonged administration of flucloxacillin 
caused by K. kingae in a 3-year-old patient.30 The strain recovered 
from this patient (18CHL2748T) was sent to our laboratory, which 
confirmed an elevated oxacillin MIC (8 mg/L) (see Table, Supple-
mental Digital Content 1, http://links.lww.com/INF/E894, for the 
susceptibility profile data for this strain), consistent with the distri-
bution of oxacillin MICs in the collection tested here. Accordingly, 
we conclude that isoxazolyl penicillins such as oxacillin may not 
possess adequate pharmacokinetic/pharmacodynamic attributes to 
cover invasive infections caused by K. kingae, even when used at a 
high dosage and for a prolonged period.

In regions where CA-MRSA prevalence exceeds 10% of 
isolates causing osteoarthritis, the empiric administration of van-
comycin or clindamycin is recommended.7,31 However, K. kingae 
is intrinsically resistant to these drugs.3 Thus, empiric therapy with 
vancomycin or clindamycin, combined with a second-generation 
or third-generation cephalosporin targeted against non-staphylo-
coccal pathogens, is often used.8 In this study, ceftaroline showed 
potent in vitro activity against an international collection of K. 
kingae, including against those where β-lactamase production was 

http://links.lww.com/INF/E894
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detected. In contrast, clindamycin, trimethoprim–sulfamethoxa-
zole and oxacillin had limited activity, specifically against isolates 
producing β-lactamases. These findings are concerning, as clin-
damycin, trimethoprim–sulfamethoxazole and oxacillin are often 
administered to children with bone and joint infections, yet do not 
have sufficient in vitro activity against K. kingae. Therefore, cef-
taroline, which possesses broad Gram-negative and Gram-positive 
bacteria activity, including K. kingae, could be clinically useful for 
the empirical single-drug treatment of osteoarticular infections in 
children. These in vitro data support further evaluation of ceftaro-
line in both animal models and in clinical trials in children in the 
treatment of K. kingae infections causing osteoarticular infections, 
bacteremia and endocarditis.
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