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Table 1

Cases of pleural tuberculosis in which growth of mycobacteria was obtained, and in which the ADA value, the percentage of lymphocytes in the PF, the result of the culture

in solid and liquid media and the detection by PCR in direct sample were specified.

No. Patient ADA (U/1) Lymphocytes in PF (%) SM cultureNo. of colonies LM culturedays incubation PCR Comments

1 PUF 55 98 NEG NEG POS C. telephone

2 SMM 50 100 NEG 243 NEG

3 SRO 66 56 NEG 259 -

4 MMB 31 54 NEG 24.6 -

5 LCG 63 96 3 colonies week 6 14.5 POS Lack of rpog wild type 3
6 MPP 39 85 2 colonies week 6 NEG -

ADA: adenosine deaminase; LM: automated liquid culture medium for mycobacteria (BacT/ALERT® MP, bioMérieux); NEG: negative; PCR: detection of Mycobacterium
tuberculosis complex by genome amplification (GeneXpert®, Hain Lifescience); PF: pleural fluid; POS: positive; SM: solid culture media for mycobacteria (Coletsos, Middlebrook

7H11).
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Osteoarticular infections in pediatric patients:
The aetiological importance of Kingella kingae

Infecciones osteoarticulares en pediatria: importancia etiologica
de Kingella kingae

Osteoarticular infection frequently remains microbiologically
unconfirmed in the pediatric age.! Since the early 1990s Kingella
kingae has emerged as a major etiological agent of osteomyelitis
and septic arthritis in children aged less than 4 years.? Recently,
the implementation of molecular detection assays (MDA) has
established the real role of this microorganism in osteoarticular
infections.>™>

We conducted a retrospective study in a cohort of pediatric
patients (<18 years at inclusion) diagnosed with septic arthritis
and osteomyelitis between January 2012 and May 2016 at Hos-
pital Sant Joan de Déu (Barcelona). Samples were obtained through
arthrocentesis or arthrotomy in arthritis and bone debridement in
osteomielitis. Depending on the volume of the drained material,
samples were partly inoculated in situ in aerobic blood culture
bottles (SBCB) (BacT/ALERT, BioMérieux; USA) by the orthopedic
surgeon. In febrile patients, blood cultures (BC) from peripheral
veins were also obtained. Samples were processed by means of rou-
tine microbiological procedures (gram staining; blood agar, blood
anaerobic agar, chocolate agar and tioglicolate medium cultures),
inoculated in BCB, when it was not previously done, and to be tested
by specific real-time PCR.

PCR targeting the rtxA toxin gene of K. kingae (acces-
sion number EF067866) slighted adapted from a previously
PCR design.” The primers and probe used in our site were
KK-forward (5'-GCGCACAAGCAGGTGTACAA-3’), KK-reverse (5'-
ACCTGCTGCTACTGTACCTGTTTITAG-3’) and the TagqMan probe
(6FAM-5'-CTTTGAACAAAGCTGGACACGCAGC-3’-BBQ). Real-time

for LytA gene of Streptococcus pneumoniae and CtxrA gene for
Neisseria meningitidis were also performed.5”

During the study period, samples from 88 patients (42.0%
females, median [IQR] age: 2.1 [1.2-6.8] years) were processed. In
51 (58.0%) patients, blood cultures were also performed. Diagnosis
included 67 septic arthritis and 21 osteomyelitis.

Overall, 49 cases (55.7%) were microbiologically confirmed,
including 38 (56.7%) cases of septic arthritis and 11 (52.4%) cases of
osteomyelitis. K. kingae (25 cases, 51%) and Staphylococcus aureus
(18 cases, 36.7%) were the most frequent pathogens. Hip (13), knee
(11), ankle (8), elbow (4), shoulder (2) tibia (5), femur (2) ulna (1),
fibula (1), astragalus (1) and sternum (1) were the joins and bones
affected.

Table 1 shows the distribution of culture and real-time PCR
results in patients with microbiologically confirmed osteoarticular
infection according to the clinical diagnosis, the age and the species
detected.

Streptococcus agalactiae was isolated in 2 out of the 3 cases of
septic arthritis diagnosed in patients younger than 6 months.

All 25 cases (92% with septic arthritis) of osteoarticular infec-
tions caused by K. Kingae were observed in patients aged between
6 months and 4 years. Only 10 (40%) strains of K. kingae were iden-
tified by one of the culture methods used (10 in SBCB and 3 also in
routine cultures), but 100% of them tested positive by real-time PCR.
In patients aged over 4 years (54.8% with septic arthritis) S. aureus
was the most frequent pathogen and was found in 17 (54.8%) out
of 31 cases. Most S. aureus isolates (15 out of 18) grew both in BCB
and routine culture, while the other 3 were only isolated in BC.

Etiological diagnosis was exclusively attributable to real-time
PCRin 17 out of 49 cases (34.7%).

Overall, patients with arthritis were younger (1.5 vs 6.5 years)
and more often diagnosed with K. kingae infections (34.3% vs 9.5%)
than those affected with osteomyelitis.
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Table 1

Distribution of culture and molecular methods results in patients with microbiologically osteoarticular infection according to disease type (septic arthritis or osteomyelitis),

age and the species detected.

Patients (AR-OM) Bacteriologically RC RC+SBCB RC+SBCB+BC RC+SBCB+BC+PCR
documented (AR-OM)

Osteoarticular infections 88 (67-21) 49 (38-11) 21(23.9%) 28(31.8%) 32 (36.4%) 49 (55.7%)
<6 months 3(3-0) 2(2-0) 1(33.3%) 1(33.3%) 2 (66.7%) 2 (66.7%)
>6 months <4 years 54 (47-7) 29(26-3) 6(11.1%) 13 (24.1%) 13(24.1%) 29 (53.7%)
>4 years 31(17-14) 18(10-8) 14 (45.2%) 14 (45.2%) 17 (54.8%) 18 (58.1%)

Arthritis 67 38 12 (17.9%) 18 (27.9%) 22 (32.8%) 38 (56.7%)

Osteomyelitis 21 11 9 (42.9%) 10 (47.6%) 10 (47.6%) 11 (52.4%)

Kingella kingae - 25 3(12%) 10 (40%) 10 (40%) 25 (100%)

Staphylococcus aureus - 18 15 (83.4%) 15(83.4%) 18 (100%) ND

Streptococcus pneumoniae - 3 2 (66.7%) 2 (66.7%) 2 (66.7%) 3 (100%)

Streptococcus agalactiae - 2 1(50%) 1(50%) 2 (100%) ND

Neisseria meningitidis - 1 0 0 0 1 (100%)

RC: Routine culture.

SBCB: Osteoarticular sample in blood-culture bottle.
BC: Blood culture.

PCR: Molecular methods.

AR: Arthritis.

OM: Osteomyelitis.

This study shows that the bacterial etiology of osteoarticular
infections in children is closely related to the age of patient, and
clearly outlines three different periods. During the first months
of life osteoarticular infection is an infrequent event but usually
caused by group B streptococci, as in late-onset neonatal sepsis.®
K. kingae almost exclusively affects infants and toddlers, in fact,
in 22 out of 25 (88%) K. kingae cases, patients were aged between
six months and two years. Because K. kingae osteoarticular infec-
tions usually associate negative gram stain (100% in this study),
mild clinical symptoms and mild alteration of plasmatic inflam-
mation markers,? differential diagnosis with non-infectious causes
of arthritis (i.e. transient synovitis of the hip) is difficult.” In these
cases, culture in SBCB is important to isolate the microorganism,?
but MDA are critical for proper diagnosis and early treatment. That
iswhy, specific K. kingae MDA should be available as aroutine testin
hospitals with pediatric patients. MDA also improve the detection
of S. pneumoniae and N. meningitidis.

In patients aged >4 years, S. aureus remains the main cause of
both arthritis and osteomyelitis,” in our study 94.4% cases. Due
to the efficiency of routine cultures for S. aureus, inoculation of
samples in BCB does not improve the isolation rate. Moreover, pre-
vious studies have shown that S. aureus-specific PCR assays offer
no advantages over classical cultures.?19

Funding
This study has not received specific funding.

References

1. Gafur OA, Copley LAB, Hollmig ST, Browne RH, Thornton LA, Crawford S. The
impact of current epidemiology of pediatric musculoskeletal infection on eval-
uation and treatment guidelines. ] Pediatr Orthop. 2008;28:777-85.

2. Yagupsky P. Kingella kingae: carriage, transmission, and disease. Clin Microbiol
Rev. 2015;28:54-79, http://dx.doi.org/10.1128/CMR. 00028-14.

3. Chometon S, Benito Y, Chaker M, Boisset S, Ploton C, Bérard ], et al. Spe-
cific real-time polymerase chain reaction places Kingella kingae as the most

common cause of osteoarticular infections in young children. Pediatr Infect Dis
J. 2007;26:377-81, http://dx.doi.org/10.1097/01.inf.0000259954.88139.f4.

4. Lehours P, Freydiére AM, Richer O, Burucoa C, Boisset S, Lanotte F, et al.
The rtxA toxin gene of Kingella kingae: a pertinent target for molecular
diagnosis of osteoarticular infections. J Clin Microbiol. 2011;49:1245-50,
http://dx.doi.org/10.1128/JCM. 01657-10.

5. Juchler C, Spyropoulou V, Wagner N, Merlini L, Dhouib A, Manzano
S, et al. The contemporary bacteriologic epidemiology of osteoartic-
ular infections in children in Switzerland. ] Pediatr. 2018;194:190-6,
http://dx.doi.org/10.1016/j.jpeds.2017.11.025. Epub 2017 Dec 18.

6. Carvalho Mda G, Tondella ML, McCaustland K, Weidlich L, McGee L, Mayer
LW, et al. Evaluation and improvement of real-time PCR assays targeting
IytA, ply, and psaA genes for detection of pneumococcal DNA. ] Clin Micro-
biol. 2007;45:2460-6. PubMed PMID: 17537936; PubMed Central PMCID:
PMC1951257.

7. Munoz-Almagro C, Rodriguez-Plata MT, Marin S, Esteva C, Esteban E, Gené A,
et al. Polymerase chain reaction for diagnosis and serogrouping of meningococ-
cal disease in children. Diagn Microbiol Infect Dis. 2009;63:148-54.

8. Baevsky RH. Neonatal group B beta-hemolytic Streptococcus osteomyelitis. Am
J Emerg Med. 1999;17:619-22.

9. Yagupsky P, Dubnov-Raz G, Gené A, Ephros M. Israeli-Spanish Kingella
kingae research group differentiating Kingella kingae septic arthritis of
the hip from transient synovitis in young children. J Pediatr. 2014;165,
http://dx.doi.org/10.1016/j.jpeds.2014.07.060, 985.e1-989.e1.

10. Haldar M, Butler M, Quinn CD, Stratton CW, Tang YW, Burnham CA. Evalua-
tion of a real-time PCR assay for simultaneous detection of Kingella kingae and
Staphylococcus aureus from synovial fluid in suspected septic arthritis. Ann Lab
Med. 2014;34:313-6, http://dx.doi.org/10.3343/alm.2014.34.4.313. Epub 2014
Jun 19.

Amadeu Gené Giralt®*, Guillermo Ludwig Sanz-Orrio?,
Carmen Mufioz-Almagro?, Antoni Noguera-Julidn®

4 Department of Microbiology, Barcelona, Spain
b Infectious Diseases Unit, Department of Pediatrics, Barcelona, Spain

*Corresponding author.
E-mail address: agene@hsjdbcn.org (A. Gené Giralt).

2529-993X/
© 2018 Elsevier Espaiia, S.L.U. and Sociedad Espafiola de Enfermedades Infecciosas
y Microbiologia Clinica. All rights reserved.


dx.doi.org/10.1128/CMR. 00028-14
dx.doi.org/10.1097/01.inf.0000259954.88139.f4
dx.doi.org/10.1128/JCM. 01657-10
dx.doi.org/10.1016/j.jpeds.2017.11.025
dx.doi.org/10.1016/j.jpeds.2014.07.060
dx.doi.org/10.3343/alm.2014.34.4.313
mailto:agene@hsjdbcn.org

	Osteoarticular infections in pediatric patients: The aetiological importance of Kingella kingae
	Funding
	References
	References
	Osteoarticular infections in pediatric patients: The aetiological importance of Kingella kingae
	Funding

	References
	Microbial contamination of liposomal amphotericin B nebuliser devices in lung transplant patients
	References
	Discrepancy in the genotypic versus phenotypic testing for resistance to rifampicin in Mycobacterium tuberculosis. A case report
	Conflicts of interest
	Acknowledgements

	References

