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BACKGROUND/PURPOSE: Pediatric acute osteoarticular infections remain a challenging clinical
issue for physicians. This paper provides recent clinical experiences on acute community-acquired osteo-
articular infections in children in Taiwan.

METHODS: Children with acute community-acquired osteoarticular infections admitted to hospital
were retrospectively reviewed and the findings compared with related infections in Taiwan published during
the past 10 years.

RESULTS: We enrolled 27 children in our study, and reviewed 692 patients reported from six major stud-
ies in Taiwan. Of the 27 patients, 15 (55.6%) had concomitant bone and joint involvement. Blood cultures
were positive in 44.4% of the children in this study and 48-52% in the other studies. Pathogens could be
identified in 66.7% of our children and 63-76% in the other studies, when surgical specimens were availa-
ble for culture. Staphylococcus aureus was consistently the most common pathogen found in all studies.
Of the S. aureus isolates, methicillin-resistant S. aureus accounted for 13.3% in our study and 22-24% in
the others.

CONCLUSION: Concomitant osteomyelitis and septic arthritis occurred in over half of our patients.
The long-term effect of combined bone and joint infection on bone growth remains to be determined.

Surgical intervention remains an important component of management of osteoarticular infections.
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Acute osteoarticular infections in children

Our findings are consistent with current recommendations of aggressive microbiology diagnosis and ini-

tiation of empirical monotherapy with oxacillin or oxacillin plus an agent effective against Gram-negative

bacteria in most cases of community-acquired osteoarticular infections.

KEYWORDS: antibiotics, children, osteoarticular infection, osteomyelitis, septi arthritis

Introduction

Acute osteoarticular infections are relatively common in
pediatrics, occurring at a rate of 5.5-12/100,000 chil-
dren.! While osteoarticular infections may cause growth
changes or pathologic fractures,” they often represent a
diagnostic and therapeutic challenge for clinicians. More-
over, the initial laboratory data may be within normal
limits,®> and bone destruction due to osteomyelitis is not
apparent on plain radiographs until 7-10 days after infec-
tion, and the roentgenogram of septic arthritis may be
difficult to interpret, or unhelpful, as the joint structures
are radiolucent in young children.*® The recent applica-
tion of new diagnostic tools [e.g. magnetic resonance im-
aging (MRI), computed tomography (CT), bone scans]
along with more aggressive diagnostic approaches (e.g.
surgical intervention and microbiological studies) has in-
creased our ability to make an accurate diagnosis. In this
report, we present our experiences on the clinical and
laboratory features of community-acquired acute oste-
oarticular infections in children, and review six recently
published papers on this subject from Taiwan, with the
aim of providing updated information on pediatric oste-

oarticular infections.
Methods

Pediatric patients aged less than 18 years with acute
community-acquired osteoarticular infections admitted
to the Veterans General Hospital-Kaohsiung from January 1,
1999 to December 31, 2008 were retrospectively reviewed.
The inclusion criteria were based on the characteristic
signs and symptoms of osteoarticular infections (fever,
redness, swelling, warmth, pain or functional impairment)
and one of the following: (1) a positive microbiology re-
sult from bone and/or joint fluid cultures; (2) MRI or CT
findings consistent with osteoarticular infection; and (3)

positive bone scan if bone and/or joint fluid cultures,

MRI, and CT were not done. Image studies (MRI, CT or
bone scan) were arranged by physicians according to the
individual clinical indications. Patients with concomitant
fractures, malignancies, infections more than 14 days
prior to admission, and infections acquired 7 days after
hospitalization were excluded.

After enrollment, septic arthritis, osteomyelitis or con-
comitant septic arthritis and osteomyelitis were defined
according to the involvement based on the evidence from
microbiology and radiological or bone scan studies. The
medical record of each patient was retrospectively re-
viewed with focus on relevant history, clinical manifesta-
tions, blood parameters, microbiologic features, surgical
intervention and treatment. The blood parameters were
recorded according to the results of initial blood samples
drawn within 3 days of admission; white blood cell count
(WBC) >11x 10°/L, C-reactive protein (CRP) >1mg/dL,
or erythrocyte sedimentation rate (ESR) >20 mm/hr were
defined as abnormal.

Surgical interventions were carried out for hip joint
infections and in patients with a poor response to antibi-
otics.””7 Additionally, joint fluids or surrounding pus
were collected through needle aspiration. Periosteal pus
aspiration, joint aspiration, arthroscopic irrigation, bone
biopsy, and local debridement or curettage were all re-
garded as surgical interventions.

Also, we reviewed six articles published during the past
10 years and compared the clinical features, blood param-
eters, cultures results from blood and surgical specimens,
microbiology results and resistance characteristics of pedi-

atric osteoarticular infections in Taiwan.>” 1!

Statistical analyses

Clinical and laboratory data on admission were summa-
rized and categorical variables were analyzed by Fisher’s
test. The y? test, Kruskal-Wallis test and Mann-Whitney
U test were used to analyze continuous variables. A p value

of <0.05 was considered statistically significant.
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Results

Concomitant bone and joint infections
The findings of 27 children with osteoarticular infections
in our study and those from 692 children from six major
studies in Taiwan are summarized in Table 1.7

In our study, there were eight girls and 19 boys. The age
on admission ranged from 9 months to 14.8 years, with
an average of 7.6 years. Fourteen children received MRI,
five received CT and 14 received bone scan studies. Seven
children had septic arthritis, five had osteomyelitis and 15
had concomitant septic arthritis and osteomyelitis. The
locations of the infections are listed in Table 2. Twenty in-
fections were in the lower limbs, four in the trunk, and
three in the upper limb. The most frequently involved
sites were the bones around the knees (n=11). As shown
in Table 1, all studies showed a consistent trend of male/

lower limb predominance.

Clinical features and focus of entry

In our study, 25 (92.6%) children had fever on admission.
Classical manifestations, e.g. redness, swelling, warmth,
pain and functional impairment were present in 40.7%,
74.1%, 48.1%, 85.2% and 63.0% of children, respectively. As
shown in Table 1, the most common symptoms found in
the other studies were either fever (57-90%) or pain.

In our study, 15/27 (55.6%) patients had no apparent
focus for the entry point of infection, 10 (37.0%) had his-
tory of skin trauma, one (3.7%) had acute gastroenteritis
(caused by Salmonella spp.), and one (3.7%) had pneumonia
(caused by Streptococcus pneumoniae). Six of the 10 children
with a history of prior trauma were proven to have S. aureus
infection. The rate of S. aureus infections was similar between

children with or without prior history of trauma (p=1.0).

Laboratory features

In our study, initial WBC and CRP were abnormal in
44.4% and 88.9% of patients, respectively. ESR was ele-
vated in all cases where data was available (»=23), with an
average of 68.2 mm/hr (range, 20-121 mm/hr). As shown
in Table 1, blood parameters had a wide range of values in
the other studies. On admission WBC, CRP and ESR were
elevated in 37.8-85.0%, 58.1-100% and 57.9-91.0%, respec-
tively. The averages of the data collected every 3 days for

the individual parameters in our children throughout the

course of treatment are shown in the Figure. The average
WBC count over the first 3 days was 12.89 x 10°/L and did
not change significantly during the course of the infec-
tion or after treatment. The average CRP level in the first
3 days was 29 mg/dL, which then dropped rapidly over the
first 7 days, and returned to normal (<1 mg/dL) after 14-20
days. The average of ESR in the first 3 days was 66.8 mm/
hr, which changed slowly and took 36 days to return to

normal (<20 mm/hr).

Microbiological features

In our study, blood cultures were performed in all pa-
tients and 20 (73.3%) children received surgical interven-
tion. Pathogens were cultured from blood in 12 (44.4%)
children and from surgical specimens in 11 (40.7%). For
the other studies, the rates of surgical intervention, blood
cultures, surgical specimen cultures and the overall cul-
ture rates are listed in Table 1. The overall culture-positive
rates were between 63% and 76% when the results from
blood cultures and cultures from surgical specimens were
combined.

As shown in Table 1, S. aureus was the most common
pathogen found in all the studies. Methicillin-resistant
S. aureus (MRSA) accounted for 13.3-24.0% of all S. aureus
isolates. In our study, pathogens were identified in 18
(66.7%) children, including 13 methicillin-sensitive S. aureus
(MSSA), two MRSA, two Salmonella spp., and one S. pneu-
moniae. The two children infected by MRSA had no pre-
disposing risk factors (i.e. prior hospitalization, residence
in nursing homes or other long-term-care facilities within
the past 6 months, presence of in-dwelling vascular or urinary
catheters, or underlying chronic diseases). Both of the MRSA
strains were sensitive to trimethoprim-sulfamethoxazole
(TMP-SMX), ciprofloxacin, levofloxacin, rifampin and

vancomycin.

Management and outcome

In our study, all children received intravenous antibiotics,
followed by oral administration. Beta-lactamase-resistant
penicillin, or oxacillin, was given intravenously to 25 pa-
tients [with 3 receiving it in combination with other anti-
microbials (i.e. gentamicin, clindamycin, or TMP-SMX)].
Glycopeptides (vancomycin or teicoplanin) were adminis-
tered to two patients who were later identified as MRSA-

positive and to one patient with negative culture results.
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Table 2. Involved localization in 27 pediatric patients with

acute community-acquired osteoarticular infections

Type and location of infection

Number of cases

Septic arthritis
Hip
Knee
Elbow

Osteomyelitis
Tibia
Femur
Calcaneus
Interphalangeal joint
Vertebra

Concomitant septic arthritis
and osteomyelitis
Femur, tibia and knee
Femur and knee
Sacrum, ilium and sacroiliac
Hip and femur
Humerus and shoulder
Tibia and knee
Calcaneus and ankle
Multiple infection sites at the right

femur, right ankle, and bilateral tibia
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In our study, 25/27 children were symptom-free and
without fever at the time of discharge from hospital. One
child with underlying hypogammaglobulinemia and
infected by MSSA died from septic shock on the 5th day
of hospitalization despite intravenous oxacillin adminis-
tration initiated on the first day of admission. One child
had joint stiffness due to immobilization. This child fully

recovered after 4 months of rehabilitation.
Discussion

In our study, we excluded children with fractures, with
disease duration more than 14 days before admission, or
patients with infections acquired 7 days after hospitaliza-
tion. Our focus was on acute community-acquired infec-
tions and not subacute, chronic or nosocomial infections.
As shown in Table 1, concomitant septic arthritis and osteo-
myelitis occurred in 4.9-55.5% of the reported cases. The
reason for the high rate of concomitant bone and joint in-
fections (55.5%) seen in our study is not known. It is likely
that some of the other studies focused only on either osteo-
myelitis or septic arthritis. In addition, consideration of
newer diagnostic tools (MRI, CT and bone scans) in our in-
clusion criteria might have led to a better definition of bone

and joint pathology. High rates (33.0-35.9%) of bone and

—a— WBC (x 10%/L)
—&— CRP (mg/dL)
—e— ESR (mm/hr)

0 T T T
0-3 46 79

10-12

13-15

16-18

T T T T T
19-21  22-24 25-27 28-30
Days

31-33  34-36

Figure. Average data for individual parameters collected throughout the treatment course of 27 pediatric patients with acute com-
munity-acquired osteoarticular infections. CRP=C-reactive protein; ESR=erythrocyte sedimentation rate; WBC=white blood cell.

336



joint infections have also been reported by others.”!? The
long-term effects of the potential damage to growth plates
on bone growth remain to be defined in this population.
Elevated ESR was observed in all patients in our study.
As shown in Table 1, five of the seven studies showed that
ESR was the most sensitive blood parameter in osteo-
articular infections.®1%12 As shown in the Figure, WBC
was not a sensitive indicator of infection and did not change
before or after treatment. However, CRP was a very sensi-
tive marker, declining rapidly within the first week. Thus
CRP was a useful marker for the response to therapy during
the acute phase of the disease. In contrast, ESR changed
slowly and took 36 days to return to normal. ESR has
been generally used as a marker for inflammation and for
the duration of antibiotic therapy (generally 4-6 weeks).
The port of entry, such as skin trauma, gastroenteritis
and pneumonia, may be helpful when the pathogen can-
not be isolated. In our study, 17/27 (63.0%) children had
no prior history of trauma and S. aureus was isolated from
nine of 17 children. This finding is consistent with the
suggestion that infections in children are often seeded he-
matogenously and usually without a history of trauma.
This is in contrast to infections observed in adults or ado-
lescents, which often associated with an open injury to the
osteoarticular structures and surrounding soft tissues.”'?
In our study, 20 (74.1%) children had surgical inter-
ventions and the positive culture rates were comparable
with those of other reports.”? 111415 Blood cultures were
positive in 12/27 (44.4%) children. These results were also
comparable with those of other reports,>* but higher
than some other studies in Taiwan and a population-based
study in Norway.” !151¢ Microbiological studies and sur-
gical interventions together identified pathogens in 20
(74.1%) of the children in our study. Clearly the culture
of surgical specimens has increased the microbiological
yield and promoted the clearing of pus and necrotic tis-
sues.> L1718 In our study, although not statistically sig-
nificant, the positive culture rate for surgical specimens
was higher in children whose cultures were obtained be-
fore antimicrobial administration compared with those
obtained after (75.0% vs. 66.7%; p=1.0).
MRSA infections have continued to rise. In a recent
study, MRSA was identified in 58-83% of all clinical S. aureus
isolates (including nosocomial origin) from 12 major hospi-

tals in Taiwan.'® Huang et al?0 reported that the prevalence

Acute osteoarticular infections in children

of MRSA nasal colonization among Taiwanese children
was 31% in 2005-2006. The proportion of patients with
community-acquired MRSA infections in Taiwan increased
from 6% in 1997-1999 to 16% in 1999-2001.2! Community-
acquired MSSA results in a significantly lower proportion
of osteomyelitis cases than community-acquired MRSA
(3% vs. 24%, p=0.002), and is three times less likely to be
associated with deep-seated infections.?! As shown in
Table 1, MRSA accounted for 22-24% of S. aureus infec-
tions isolated from acute community-acquired osteoar-
ticular infections in the other studies.’ ! We encountered
13.3% MRSA. It is important to be aware of the recent in-
crease in the incidence of MRSA infections in patients
without apparent risk factors worldwide as well as in
Taiwan.'2%% The two strains of MRSA in our study were
sensitive to TMP-SMX, similar to previous reports indi-
cating that the community-acquired MRSA in Taiwan
was 93-100% susceptible to TMP-SMX.?%21:23-25 However,
it is important to recognize that this sensitivity rate is
constantly changing.

Based on our study and data from recently published
articles, the risk of MRSA in community-acquired osteoar-
ticular infections was 13-24%. At a time when MRSA was
not prevalent, it seemed reasonable to initiate monotherapy
with oxacillin, or a combination of oxacillin with an agent
against Gram-negative bacteria (e.g. TMP/SMX or a third-
generation cephalosporin). Some clinicians have used gly-
copeptides in severely ill children, patients suspected of
MRSA infection, or infections with a poor response to other
antibiotics in spite of adequate surgical intervention. From
our literature review and clinical experience, it is generally
agreed that aggressive microbiological diagnosis using
cultures, as well as surgical intervention, are essential in the
management of community-acquired osteoarticular infec-
tions in children. The major limitation of our study is that
this is a retrospective review and lacks long-term follow-up
data, specifically regarding the effect of bone and joint
damage on bone growth. Clearly, it is important to continue
efforts in finding appropriate approaches to the evolving

issues related to bone and joint infections in children.
Acknowledgments

We thank Professor Cheng T. Cho for his review of

the manuscript. This work was supported by a grant

337



W.L. Chen, et al

(VGHKS 97-094) from the Veterans General Hospital-

Kaohsiung, Kaohsiung, Taiwan.

References

10.

11.

12.

13.

Burnett MW, Bass JW, Cook BA. Etiology of osteomyelitis com-
plicating sickle cell disease. Pediatrics 1998;101:296-7.

Dich VQ, Nelson JD, Haltalin KC. Osteomyelitis in infants and
children. A review of 163 cases. Am J Dis Child 1975;129:1273-8.
Kozlowski K. Brodie’s abscess in the first decade of life. Report
of eleven cases. Pediatr Radiol 1980;10:33-7.

Capitanio MA, Kirkpatrick JA. Early roentgen observations in
acute osteomyelitis. Am J Roentgenol Radium Ther Nucl Med 1970;
108:488-96.

Chen CE, Ko JY, Li CC, Wang CJ. Acute septic arthritis of the hip
in children. Arch Orthop Trauma Surg 2001;121:521-6.

Herring JA, ed. Tachdjian’s Pediatric Orthopaedics: Infections of the
musculoskeletal system. 4™ edition. Philadelphia: Saunders Elsevier,
2008.

Chang WS, Chiu NC, Chi H, Li WC, Huang FY. Comparison of
the characteristics of culture-negative versus culture-positive
septic arthritis in children. J Microbiol Immunol Infect 2005;38:
189-93.

Yuan HC, Wu KG, Chen CJ, Tang RB, Hwang BT. Characteristics
and outcome of septic arthritis in children. ] Microbiol Immunol
Infect 2006;39:342-7.

Yeh TC, Chiu NC, Li WC, Chi H, Lee YJ, Huang FY. Characteristics
of primary osteomyelitis among children in a medical center
in Taipei, 1984-2002. ] Formos Med Assoc 2005;104:29-33.

Wang CL, Wang SM, Yang Y], Tsai CH, Liu CC. Septic arthritis in
children: relationship of causative pathogens, complications,
and outcome. ] Microbiol Immunol Infect 2003;36:41-6.

Kao HC, Huang YC, Chiu CH, Chang LY, Lee ZL, Chung PW,
et al. Acute hematogenous osteomyelitis and septic arthritis in
children. ] Microbiol Immunol Infect 2003;36:260-5.

Klein DM, Barbera C, Gray ST, Spero CR, Perrier G, Teicher JL.
Sensitivity of objective parameters in the diagnosis of pediatric
septic hips. Clin Orthop Relat Res 1997;338:153-9.

Carek PJ, Dickerson LM, Sack JL. Diagnosis and management of
osteomyelitis. Am Family Physician 2001;63:2413-20.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

2S.

Rasmont Q, Yombi JC, Linden D, Docquier PL. Osteoarticular
infections in Belgian children: a survey of clinical, biological, radio-
logical and microbiological data. Acta Orthop Belg 2008;74:374-85.
Riise OR, Kirkhus E, Handeland KS, Flato B, Reiseter T,
Cvancarova M, et al. Childhood osteomyelitis-incidence and dif-
ferentiation from other acute onset musculoskeletal features in
a population-based study. BMC Pediatr 2008;8:45.

Chen CC, Huang CH. A four-year analysis of pyogenic osteomy-
elitis at Cathay General Hospital. ] Infect Dis Soc ROC 1997;8:137-41.
Timsit SPS, Glorion C, Chéron G. Acute osteomyelitis and septic
arthritis in children: one year experience. Arch Pediatr 2005;12:
16-22.

Goergens ED, McEvoy A, Watson M, Barrett IR. Acute osteomy-
elitis and septic arthritis in children. J Paediatr Child Health 2005;
41:59-62.

Hsueh PR, Liu CY, Luh KT. Current status of antimicrobial
resistance in Taiwan. Emerg Infect Dis 2002;8:132-7.

Huang YC, Hwang KP, Chen PY, Chen CJ, Lin TY. Prevalence of
methicillin-resistant  Staphylococcus aureus nasal colonization
among Taiwanese children in 2005 and 2006. J Clin Microbiol
2007;45:3992-5.

Fang YH, Hsueh PR, Hu JJ, Lee PI, Chen JM, Lee CY, et al.
Community-acquired methicillin-resistant Staphylococcus aureus
in children in northern Taiwan. ] Microbiol Immunol Infect 2004;
37:29-34.

Fridkin SK, Hageman JC, Morrison M, Sanza LT, Como-Sabetti
K, Jernigan JA, et al. Methicillin-resistant Staphylococcus aureus
disease in three communities. N Engl ] Med 2005;352:1436-44.
Wu KC, Chiu HH, Wang JH, Lee NS, Lin HC, Hsieh CC, et al.
Characteristics of community-acquired methicillin-resistant
Staphylococcus aureus in infants and children without known risk
factors. J Microbiol Immunol Infect 2002;35:53-6.

Lee YT, Lin JC, Wang NC, Peng MY, Chang FY. Necrotizing fas-
ciitis in a medical center in northern Taiwan: emergence of
methicillin-resistant Staphylococcus aureus in the community.
J Microbiol Immunol Infect 2007;40:335-41.

Wang JL, Chen SY, Wang JT, Wu GHM, Chiang WC, Hsueh PR,
et al. Comparison of both clinical features and mortality risk asso-
ciated with bacteremia due to community-acquired methicillin-
resistant Staphylococcus aureus and methicillin-susceptible S. aureus.
Clin Infect Dis 2008;46:799-806.

338



