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Abstract
Purpose of the study
Acute haematogenous septic arthritis is a relatively common condition in the paediatric population. Although
Staphylococcus aureus is implicated as the most common causative agent, changes in resistance and the increasing
importance of other pathogens have been reported. The purpose of this study is to establish the spectrum of
aetiological organisms with their respective sensitivities, and to use this data to evaluate choices in empiric antimicrobial therapy.

Description of methods
A retrospective analysis was performed on patients aged 12 years and younger, admitted for suspected septic
arthritis, at a tertiary hospital in South Africa from June 2005 to March 2009. All patients with a clinical diagnosis
of septic arthritis were included in this study.

Summary of results
A total of 44 patients from the age of 2 weeks to 12 years were included. Thirty-nine samples were submitted for
microbiological investigation. Thirty of these samples yielded bacterial growth; five of these had two microorganisms. Gram-positive organisms were cultured in 79% of isolates. Staphylococcus aureus was cultured in 66%
of all isolates. Only three samples were multi-drug resistant. Gram-negative organisms constituted 17% of isolates.
Of note is the isolation of a single isolate of Haemophilus influenzae type B, signifying possible vaccine or
vaccination failure.

Conclusion
Gram-positive organisms, in particular Staphylococcus aureus, are still the most prevalent aetiological agent. The
current use of cloxacillin as empiric antibiotic therapy will cover 69% of all isolates in this setting; use of coamoxyclav as empiric therapy will increase cover to 80%. Although this 11% difference is seemingly small, opting
for co-amoxyclav may significantly reduce morbidity.
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Introduction
Acute haematogenous septic arthritis is a relatively common condition in the paediatric population, with an estimated incidence of 1 in 10 000, among children younger
than 12 years of age.1 Staphylococcus aureus remains the
most common causative organism, accounting for more
than 50% of cases.2 Other important organisms include
Groups A and B streptococci, Streptococcus pneumoniae
and historically Haemophilus influenzae type B (now
largely eliminated by vaccination).1 There is disagreement
about the importance of Gram-negative bacilli in paediatric septic arthritis.3-4 Specific patient groups are susceptible to specific micro-organisms at different ages.
Neonates are more susceptible to Group B streptococci.
Patients with sickle cell anaemia are susceptible to
Salmonella spp. Recently, Kingella kingae has been identified as an important pathogen in children under the age
of 4 years5 (Table I). The increased incidence of methicillin-resistant Staphylococcus aureus (MRSA) complicates the selection of an antibiotic for early empiric therapy and also influences the clinical course of the disease.1
Knee and hip joints are most common affected in children, with ankles, elbows and sacro-iliac joints being less
common. Multifocal infection has been reported in up to
9% of cases of septic arthritis.4
There are regular reports in the literature describing the
spectrum of bacteria involved in septic arthritis.1-4,8-9 This
has led us to perform the first retrospective analysis of the
microbiology of septic arthritis in children at the Steve
Biko Academic Hospital.
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Table I: Atypical organisms associated
with septic arthritis with disease and
demographic associations
Organism
Group B streptococcus
Escherichia coli
Streptococcus pneumoniae
Salmonella spp
Kingella kingae

Clinical association
Neonates6
Neonates
Sickle cell anaemia7
First 2 years of life7
Sickle cell anaemia7
Emerging pathogen
among paediatric
population5

Figure 1. Age distribution of patients with
confirmed SA
Joints affected

Materials and methods
This retrospective study included patients admitted to the
Steve Biko Academic Hospital, Pretoria, South Africa,
from June 2005 to March 2009 (46 months). All children
below the age of 12 years with a clinical suspicion of septic arthritis were included.
We reviewed all microbiological investigations performed on joint fluid, pus or tissue. We also recorded
the findings of laboratory markers for infection (white
cell count, C-reactive protein and erythrocyte sedimentation rate) on admission. We were unable to determine
whether patients infected with MRSA acquired their
infections from the community or from a health care setting. We also included patients from whom coagulasenegative Staphylococcus were cultured because this
organism can be pathogenic in certain patients.

Results
Patient demographics
During the study period, a total of 44 patients from age 2
weeks to 12 years (Figure 1) were admitted with acute onset
joint swelling, and were subsequently taken to theatre. The
majority of patients were male (25/44) with a male to
female ratio of 1.3:1, similar to international studies.10

Figure 2. Joint distribution of septic arthritis
cases

Clinical findings
The knee was the most commonly affected joint followed
by the hip, shoulder and elbow (in that order) (Figure 2).
Two patients had septic arthritis in more than one joint.
One had both ankles affected and the other the hip and
shoulder affected. Less than 7% of the cohort was tested
for HIV. We did not find a seasonal variation in the occurrence of septic arthritis.
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Microbiological data
Material was submitted for bacterial culture from 39 of the
44 patients. Bacteria were isolated from 30 patients. Five of
these had two organisms. Staphylococcus aureus was by far
the most common isolate. Three of these were resistant to all
the β-lactam antibiotic class (so-called methicillin resistance), as well as all other classes, except the glycopeptides
(vancomycin). Gram-negative bacilli (GNB) isolated
included Pseudomonas aeruginosa, Escherichia coli and
Enterobacter cloacae (Figure 3).
Streptococcus pneumoniae is typically sensitive to penicillin, but one isolate was resistant, requiring clindamycin as
therapy. One case of Haemophilus influenzae was also isolated in 2008, possibly indicating failure to vaccinate, as this
is included as part of the National Vaccination Schedule.
Gram-negative organisms included Pseudomonas aeruginosa, Eschericiae coli and other Enterobacteriaceae.
Despite formal departmental guidelines, eight joints did
not undergo formal arthrotomy and were only aspirated.
Only five of these aspirates were subsequently submitted for
bacterial culture, of which four grew bacteria. This high
positive yield suggests that in any patient with acute onset
swollen joint in whom the diagnosis of septic arthritis is suspected, a formal arthrotomy should be performed.

Laboratory data
C-reactive protein (CRP) was determined in 29 of the 30
cases with positive cultures. The level was elevated in 26
cases (90%) of these. CRP levels varied, with five cases
(17%) between 10 to 50 mg/ml, 14 cases (48%) 50-200
mg/ml and seven cases (24%) above 200 mg/ml. In the
culture-negative group, 72% also had elevated CRP
levels.
The white cell count determination was performed in 27
of 30 cases and was elevated in 48% of cases, with 41%
being above 13 x 109/L and 7% above 30 x 109/L. In the
culture-negative group, none of the patients had levels
exceeding 13 x 109 cells per litre. ESR was found to be
highly variable in both culture-positive and culture-negative groups. Of note, none of the comparative data on
CRP, ESR or WCC was statistically significant, and
should be interpreted with care.

Discussion
Paediatric septic arthritis requires urgent treatment. A
delay in diagnosis is associated with significant morbidity2 and even potentially mortality.3,11-13 There are various
underlying risk factors, including immunosuppression. In
the South African setting, human immunodeficiency virus
(HIV-1) infection remains a significant pathology,14 with
an estimated incidence of 17.6%15 of the general population being infected. This incidence may be even higher in
certain settings. As much as 50% have been reported positive in a healthy paediatric population admitted for
Kangaroo mother care.16
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Organisms isolated

Figure 3. Breakdown of causative organisms
isolated each year
St aureus
CNS
MRSA

– Staphylococcus aureus
– Coagulase-negative staphylococcus
– Multidrug-resistant Staphylococcus aureus

Paediatric septic arthritis requires urgent treatment.
A delay in diagnosis is associated with significant
morbidity and even potentially mortality
The incidence of septic arthritis in the HIV-1 positive
people is however, reportedly similar to that of HIV-1
negative people, but infection is usually associated with
atypical organisms.17
Gram-positive organisms were isolated in 79% of isolates, with Staphylococcus aureus in 66% of cases.
Methicillin-resistant Staphylococcus aureus was isolated
in 10% of cases and was only susceptible to glycopeptides
and rifampicin. It is important to mention that rifampicin
should never be utilised as monotherapy in this setting,
and is exclusively utilised as a combination treatment.18 In
this study, we indicate a rate of 10% MRSA isolation,
which is in keeping with findings among our adult population.19 In our investigation we could not determine
whether these organisms were truly community-acquired
or health care-associated cases. A major concern is the
increasing incidence of resistant bacteria in septic arthritis. In the Netherlands, as many as 72% of aetiological
organisms have been found to be resistant.8 This makes
the selection of antibiotics for empiric treatment very difficult. Some authors advocate the use of vancomycin for
first-line use.20 Others caution that the widespread use of
vancomycin as first-line antibiotic is associated with
increased morbidity and mortality.21-23 Although use of
vancomycin is probably not indicated as yet in this setting, it should be considered in patients not responding to
the initial antimicrobial therapy.
Haemophilus influenzae has been largely eradicated by
the use of Hib vaccine. For this reason it is now a relatively rare cause of septic arthritis. Our single case may be
due to failure of the vaccine or failure to vaccinate.
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Gram-negative organisms constituted 17% of our isolates.
Although none of these showed resistance, this finding has
important implications on the choice of empiric therapy.
Cloxacillin is widely used as first-line empiric antibiotic in
septic arthritis,24 but has very little efficacy in Gram-negative
organisms. Use of a β-lactam with additional clavulanic
acid as empiric therapy will increase Gram-negative cover.
In this clinical setting, use of co-amoxyclav as empiric therapy will increase antimicrobial cover from 69% to 80%.
Clinical diagnosis of septic arthritis remains problematic.
Various laboratory investigations can be used to assist in the
diagnosis of septic arthritis. The wide variety of these tests
reflects the difficulty in finding reliable diagnostic criteria,
for example Kocher et al,25 Eich et al,26 and Luhmann et al.27
Use of the white cell count (WCC), C-reactive protein
(CRP) and erythrocyte sedimentation rate (ESR) may be
useful in monitoring, but should not be used to establish a
definitive diagnosis of septic arthritis, as normal levels have
been described in severe infection.28.29 In the current study,
the CRP level showed better correlation with infection, as
levels were elevated in 90% of cases of confirmed infection
with levels exceeding 200 mg/l showing increased sensitivity. The WCC was only elevated in 50% of cases; however,
levels above 30 x 109 cells/litre showed a better correlation
with infection. ESR was of little use. This re-emphasises the
point of taking all parameters into consideration when
establishing a diagnosis of septic arthritis.
The yield of microbiological culture on synovial fluid may
vary depending on the nature of the organism, the technique
of collection and culture, and conversely, the microbiological repertoire expected. Sampling technique is of the utmost
importance; the optimal sample type is still not universally
standardised as controversy exists. It is, however, accepted
that pus swabs render a lower culture yield as compared to
other techniques as they are more likely to become contaminated, may inhibit the growth of certain fastidious organisms and may facilitate bacterial adherence, thereby
decreasing the inoculum concentration and decreasing the
culture yield.30 In the vast majority of cases, routine culture
of pus collected in a container neat or with a small amount
of saline, should be adequate.30 Certain organisms seem to
have more specific growth requirements, and various
authors have suggested the use of aerobic blood culture bottles to facilitate growth,5,28,31 but this has been refuted by others.30 Recent reports on the importance of Kingella kingae,
a fastidious Gram-negative bacillus usually grouped with
the so-called HACEK organisms as a significant pathogen
in both septic arthritis and osteomyelitis,5 may put more
emphasis on more individualised culture practices.
Investigation of the synovial fluid, other than microbiological culture can be most helpful in offsetting inaccurate findings on microbiological cultures (total white cell count, differential white cell count, biochemistry, including synovial
glucose levels taken in conjunction with blood glucose, as
well as Gram-staining) and may contribute to diagnosis,
provided that the choice in tests is made with due care.

Joint fluid WCC, biochemistry and Gram stains may assist
the establishment of a diagnosis.30 More experimental work
including lactate dehydrogenase (LDH)32 and tumour
necrosis factor-alpha (TNF-α) levels33 have not yielded
promising findings, and is not indicated as part of routine
investigation.28

Conclusions
Septic arthritis is an orthopaedic emergency. By recognising trends within specific population groups, an efficient
protocol can be established to facilitate early case identification and prompt management, and so reduce morbidity and mortality. Collaboration with the local microbiology department could determine the contribution of more
fastidious organisms in causing septic arthritis.
Surveillance should be performed on all confirmed
cases of septic arthritis within each institution to establish
sensitivity profiles for the aetiological organisms. This
information can then be utilised in establishing a targeted
protocol on empiric antimicrobials. It should be a continual effort, as the resistance trends are ever-changing.

This article is the sole work of the authors. No benefits of
any form have been received from a commercial party
related directly or indirectly to the subject of this article
although a grant has been applied for.
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