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Purpose of review

To propose and discuss an evidence-based algorithm for the diagnosis and treatmen

of bacterial septic arthritis. Also, to review the recent literature on emerging

management strategies and discuss the potential impact of these developments on

clinical practice.

Recent findings

Evidence-based guidelines have recently been published to assist in the diagnosis

and management of suspected and confirmed septic arthritis. All suspected septic

joints should be aspirated and the synovial fluid examined by microscopy for the

presence of crystals and microorganisms. There is controversy surrounding the

diagnostic utility of quantifying the synovial fluid white cell count, with two recent

systematic reviews reaching opposite conclusions. The emergence of multidrug

resistant pathogens has led to a search for alternative antimicrobial agents such as

linezolid. Studies in animals and children have suggested that corticosteroid therapy

may be a useful adjunct to conventional antibiotic therapy. Research using experimenta

murine models of septic arthritis is also generating novel immunotherapeutic targets

as potential adjuncts to antibiotic regimens.

Summary

There is a striking paucity of high-quality evidence upon which to base guidelines on the

management of the hot-swollen joint. Ultimately, the diagnosis of septic arthritis rests on

the opinion of a clinician experienced in the assessment of musculoskeletal disease.

Future research may provide alternative investigative and treatment strategies to

improve the accuracy of diagnosis as well as the outcome in this group of patients.
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Introduction
The clinical presentation of a patient with one or more hot-

swollen joints is a common medical emergency. Although

the differential diagnosis is broad, the most serious poten-

tial cause is bacterial septic arthritis because this has a

mortality of approximately 10%, as well as significant

morbidity [1]. In this study we define septic arthritis as

joint infection caused by pathogenic inoculation of the

joint either directly or more commonly by haematogenous

spread. Delayed or suboptimal management of joint sepsis

can lead to irreversible joint damage and permanent dis-

ability [2]. Thus it is vital that the diagnosis of bacterial

infection is made rapidly, and that treatment is started

promptly.

One of the difficulties surrounding the assessment of

joint infection is that patients often present to clinicians

who are inexperienced in the management of musculo-
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skeletal disease. Prognosis is optimized when the diag-

nosis is made quickly and appropriate treatment is given.

Even when management is correct, a significant number

There are well documented risk factors the identification

of which should raise the threshold of suspicion for the

diagnosis of joint infection. Any joint that has been
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of cases result in irreversible joint damage and, in some

patients, overwhelming septicaemia.

Clinical features of septic arthritis
Our recent review of the literature revealed that, despite

the use of laboratory investigations, the ‘gold standard’ for

the diagnosis of septic arthritis is the level of clinical

suspicion of a physician experienced in the diagnosis

and management of rheumatic disease [3��]. Typically

septic arthritis presents with a short 1–2 week history of

pain, swelling, heat and restricted movement in the

affected joint(s). There is a common misconception that

septic arthritis affects one joint only, but evidence suggests

that in up to 22% of cases the presentation is polyarticular

[4]. Large joints are more commonly affected than small

joints and in up to 60% of cases the hip or the knee is

involved.
d.



C

rendered structurally abnormal by the presence of under-

lying inflammatory or degenerative arthritis is at a higher

risk of becoming infected. When there is preexisting

polyarticular inflammatory arthritis such as rheumatoid

arthritis (RA), a septic joint will have symptoms that are

out of proportion to the disease activity detected in other

joints. Patients with RA are more likely to develop joint

sepsis both due to the disease process itself and due to the

immunosuppressive therapy that they receive [5�]. The

advent of biological therapies in the treatment of RA has

increased the number of skin and soft tissue infections,

but as yet there are no reports of an increase in the

incidence of septic arthritis in this group of patients

[6,7].
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(1) J
oint prostheses [1,8]
(2) I
ntravenous drug abuse [1,9]
(3) A
lcoholism [9]
(4) Diabetes [2,9]

(5) Previous intra-articular corticosteroid injection [10]

(6) Cutaneous ulcers [8]

The predominant causative pathogens in septic arthritis

are Staphylococcus aureus and Streptococcus, accounting

for up to 91% of cases [1]. In the elderly, the immuno-

compromised and in those patients who have had intra-

vascular devices or urinary catheters inserted, infection

with a Gram-negative enteric bacillus is more common.

Due to a combination of factors the aetiology of septic

arthritis is changing. The increasing incidence of surgical

arthroplasty provides a prosthetic environment where

coagulase-negative staphylococci, which are unusual path-

ogens in native joint sepsis, are able to flourish [11]. This

often establishes low-grade infection and subsequent

prosthesis failure. It is a matter of concern that the

ability of organisms to develop antibiotic resistance is

highlighted by the recent emergence of community-

associated methicillin-resistant S. aureus (CA-MRSA) in

patients who do not have traditional risk factors for MRSA

acquisition. CA-MRSA has been responsible for cases of

musculoskeletal sepsis in both North America (USA) and

the United Kingdom (UK) and requires alternative anti-

microbial strategies to the more common healthcare-

associated MRSA [12,13]. In addition, the increase in both
genic immunosuppression and HIV infection means
that more unusual organisms such as mycobacteria are

increasing in incidence [14–16].
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estigation of suspected septic arthritis
key to the diagnosis of suspected septic arthritis is

pt microscopic analysis and culture of synovial fluid
aspirated from the affected joint(s). This enables the

diagnosis of both septic and crystal arthritis, the latter

being an alternative cause of an acutely hot-swollen joint.

Synovial fluid Gram staining and microscopy gives a

positive result in only 50% of cases of septic arthritis [2].

Subsequent fluid culture increases the yield although,

even so, a joint can be septic even in the absence of

positive microscopy or culture.

Controversy surrounds the use of the synovial fluid white

cell count (WCC) in attempting to differentiate between

sepsis and other causes of joint inflammation. A retro-

spective study in 2002 [17] looked at 202 patients with

suspected septic arthritis. Those with a synovial fluid

WCC of more than 50 000/mm3 had a proven diagnosis of

sepsis in 47% of cases. Those with a synovial fluid WCC

of more than 100 000/mm3 had the diagnosis confirmed in

77% of cases. The authors concluded that, although a

synovial fluid WCC of less than 50 000/mm3 reduced the

likelihood of the diagnosis of sepsis, it could not rule it

out conclusively.

Last year two further studies have revisited this issue. A

retrospective cohort study by Li et al. [18] looked at the

serum WCC, erythrocyte sedimentation rate (ESR) and

the synovial fluid WCC in 156 adult and paediatric

patients who had undergone arthrocentesis. Of those,

10% had septic arthritis confirmed microbiologically,

and the remaining 90% had a variety of other inflamma-

tory conditions or no diagnosis confirmed. The authors

concluded that of the three tests, the synovial fluid WCC

was the most informative. The diagnostic utility of the

test was optimal using a threshold of 17 500/mm3 above

which the diagnosis of sepsis could be made with a

sensitivity of 83% and a specificity of 67%. The positive

likelihood ratio at this level was 2.5 with a negative

likelihood ratio of 0.25.

Margaretten et al. [19�] systematically reviewed the lit-

erature and examined 14 studies including a total of

653 patients presenting with a peripheral monoarticular

arthritis that could be septic. They assessed the diag-

nostic utility of factors in the history and clinical exam-

ination as well as a variety of laboratory investigations.

They confirmed that there is limited evidence to suggest

that any clinical feature is significantly specific for septic

arthritis. They also concluded that neither the absence of

a fever nor a normal serum WCC, ESR or C-reactive

protein (CRP) could reliably exclude the diagnosis of

sepsis. None of these factors changed the pretest prob-

ability of septic arthritis. They did show, however, that a

higher synovial fluid WCC increased the likelihood of

the diagnosis of joint sepsis. They concluded that counts
3 3
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of less than 25 000/mm , more than 25 000/mm , more

than 50 000/mm3 and more than 100 000/mm3 gave a

septic arthritis likelihood ratio of 0.32, 2.9, 7.7 and
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28.0, respectively. They did not, however, suggest that

this test could be relied upon, but emphasized that it

should be used in conjunction with clinical findings to

influence management of suspected septic arthritis

before Gram stain and culture results are known.

Our own guidelines on the management of septic arthritis

published in 2006, based on a systematic review of the

literature, recommended that the gold standard for the

diagnosis of septic arthritis rested on the level of clinical

suspicion of a physician experienced in the management

of patients with musculoskeletal disease [20]. No inves-

tigation was thought to be of sufficient specificity to
clinch the diagnosis beyond a reasonable doubt. More-
over, not all laboratories have the facilities to measure

accurately a synovial fluid WCC.

Treatment of septic arthritis
All cases of septic arthritis should be treated with prompt

anti-microbial therapy. Non-pharmacological treatment

may also be indicated. The evidence guiding both

medical and surgical management strategies is, however,

sparse.

Choice of antibiotic

There is a striking lack of evidence to guide the optimal

management of septic arthritis. There is a consensus of

expert opinion that the mainstay of treatment should be

prompt removal of any purulent material together with

appropriate antibiotic therapy [20]. There is little to guide

the choice, the route or the duration of antibiotic treat-

ment. A meta-analysis of antibiotic therapy for joint sepsis

showed no clinical or bacteriological advantage of one

therapeutic regimen over another [21]. Current antibiotic

choices should be made based on the likely aetiological

organism and subsequently modified in light of culture and
opyright © Lippincott Williams & Wilkins. Unauth

sensitivity results. It is prudent always to discuss antibiotic

treatment with local microbiology experts to gain extra

guidance based on local demographics. A summary of

Table 1 Summary of UK recommendations for initial empirical ant

Patient group

No risk factors for atypical organisms.

High risk of Gram-negative sepsis (elderly, frail, recurrent UTI,
recent abdominal surgery).

MRSA risk (known MRSA, recent inpatient, nursing home resident,
leg ulcers or catheters, or other risk factors determined locally).

Suspected gonococcus or meningococcus.
Intravenous drug users
ITU patients, known colonization of other organs (e.g. cystic fibrosis)

Antibiotic choice will need to be modified in the light of results of Gram
departments. ITU, intensive therapy unit; MRSA, methicillin-resistant S. aure
tract infection. Reproduced with permission from [20].
suggested empirical treatment in the UK is presented in

Table 1 [20]. It is clear that the choice of first line antibiotic

may be different in the USA, and ideally national micro-

biological societies in each country should advise on the

best first choice antibiotic.

Falagas et al. [22] recently reviewed the evidence for

using linezolid in adults with bone and joint infection.

Linezolid is a bacteriostatic antibiotic. Bactericidal anti-

biotics are often preferred to those that are bacteriostatic

due to the relatively poor blood supply to bone. Line-

zolid, however, has advantages in that it is available in an

oral formulation with almost 100% bioavailability. This

could potentially decrease the need for inpatient treat-

ment in such patients. In addition, the emergence of an

increasing number of infections that are due to drug

resistant microbes, including MRSA and even Vancomy-

cin-RSA, means that linezolid may be a welcome addition

to the antimicrobial armamentarium.

The evidence regarding the safety and efficacy of line-

zolid administration for the treatment of patients with

musculoskeletal infection due to multidrug resistant

Gram-positive cocci was reviewed. Studies included

pharmacokinetic evaluation, case reports and case series

but no randomized controlled trials. The authors con-

cluded that linezolid appeared to be an effective treatment

for patients with bone and joint infections secondary to

drug resistant Gram-positive cocci. Reported side-effects

included bone marrow suppression and irreversible

peripheral neuropathy both occurring after a prolonged

treatment.

In recent years a number of social and political pressures

have led to measures designed to reduce hospital admis-

sions and inpatient lengths of stay. In this context Esposito

et al. [23] published in 2007 an analysis of a large database
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to identify the most convenient and successful diagnostic

and therapeutic approach to bone and joint infection. In

Italy, a National Outpatient Parenteral Antibiotic Therapy

ibiotic choice in suspected septic arthritis

Antibiotic choice

Flucloxacillin 2 g q.i.d. i.v. Local policy may be to add fusidic acid
500 mg t.i.d p.o., or gentamicin i.v.

If penicillin allergic, Clindamycin 450–600 mg q.i.d., or 2nd or 3rd
generation cephalosporin.

2nd or 3rd generation cephalosporin e.g. cefuroxime 1.5 g t.i.d. Local
policy may be to add flucloxacillin. Discuss allergic patients with
microbiology – Gram stain may influence antibiotic choice.

Vancomycin and 2nd or 3rd generation cephalosporin.

Ceftriaxone, or similar dependent on local policy or resistance.
Discuss with microbiologist.
Discuss with microbiologist.

stain and culture. It should also be reviewed locally by microbiology
us; p.o., orally; q.i.d., four times daily; t.i.d., three times daily; UTI, urinary
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(OPAT) Registry was set up in 2003. The premise of

OPAT is that, in patients who are otherwise healthy, a

course of prolonged intravenous therapy can be adminis-

tered in an outpatient setting thus improving quality of life

for the patient as well as reducing hospital costs. A study

of the OPAT registry between 2003 and 2005 allowed

239 cases of bone and joint infection to be analysed. The

authors reported that clinical success was high, particularly

using intravenous teicoplanin and intravenous ceftriaxone,

and that side-effects were mild occurring in 11% of cases.

In addition, both patients and doctors reported a high

460 Infectious arthritis and immune dysfunction
degree of satisfaction with the OPAT regimen. Such

outpatient intravenous antibiotic regimes may become
increasingly popular.

Nondrug treatment
Removal of purulent material from affected joint(s) is

considered essential in the effective management of septic

arthritis, although this is based on expert opinion rather

than any randomized controlled trial [20]. This can either

be achieved surgically by arthroscopy or open arthrotomy,

or through closed needle aspiration. There is controversy

regarding which method is better, and a systematic review

of the literature in 2007 did not reveal any prospective

studies in adults addressing this question [3��]. The only

study in adults to compare needle aspiration with surgical

joint drainage was a retrospective analysis of cases records

from 1975 suggesting that needle aspiration may, in many

cases, be a superior initial mode of treatment for joint

sepsis, although the results did not reach statistical signifi-

cance [24]. Smith et al. [25] published a prospective,

randomized study of the treatment of shoulder sepsis in

children in Malawi. Sixty-one children were randomized to

receive either closed needle aspiration or arthrotomy and

washout. The clinical outcome in two groups was not
statistically different at any stage of the 2-year follow-

up, suggesting that closed needle aspiration is a safe and
practical alternative to arthrotomy.

A diagnostic and therapeutic algorithm
One of the difficulties in diagnosing septic arthritis is that

patients often present to clinicians who are inexperienced

in the management of musculoskeletal disease. In

addition, as described above, the evidence guiding treat-

ment is scarce. In 2006, the British Society for Rheuma-

tology (BSR) published evidence-based guidelines to give

a structured approach to the management of the hot-

swollen joint and septic arthritis in particular [20]. The

diagnostic and treatment algorithms are presented in

Fig. 1. The algorithms can also be accessed, with further
opyright © Lippincott Williams & Wilkins. Unautho

detailed annotations to guide the inexperienced clinician,

on the BSR website (http://www.rheumatology.org.uk/

guidelines/guidelines_other/interactive_hotswollen).
Future management of septic arthritis
Septic arthritis continues to cause significant morbidity

and mortality despite adequate removal of purulent

material and prompt, appropriate antibiotic therapy.

One fruitful area of current research addresses the con-

cept that successful treatment requires not only the

elimination of pathogenic bacteria but also the down-

regulation of the heightened immune response that

appears to hinder, rather than help, the host’s defence

mechanisms.

Recent literature reveals promising developments in

experimental mouse models of both Staphylococcal

and Streptococcal arthritis [26,27]. This sheds light on

components of the immune system, which could, in the

future, be targeted therapeutically to create adjunctive

treatments for joint sepsis [28�]. Such novel therapies

could involve the manipulation of both bacterial viru-

lence and host response factors to improve the outcome.

Potential targets include constituents of the bacterial

cell wall, molecules involved in bacterial adhesion and

oligonucleotide sequences in bacterial DNA [29–31]. In

addition the genetic deletion of cell-derived cytokines,

using the creation of knockout mice, have been shown to

be an elegant way of elucidating the roles of multiple

components of the immune system in the host response

to bacterial infection [32–38].

As yet none of these molecular treatments has moved into

human clinical trials. There is, however, growing evidence

from animal models that the use of corticosteroids,

in addition to traditional antimicrobial regimens, may

improve the outcome. This may seem counter intuitive,

given the assumption that corticosteroids suppress the host

immune system, but a study [39] in the Staphylococcal

murine model suggested otherwise. In this experiment,

mice were treated with intraperitoneal corticosteroid and

cloxacillin, or cloxacillin alone, 3 days after inoculation with

intravenous S. aureus. The septic arthritis that resulted in

the first group was of reduced prevalence, severity and

associated mortality. The explanation could be that an

overactive immune response, secondary to the initial septic

event, causes damage and that steroid treatment down-

regulates this exaggerated native immune response.

The use of corticosteroid treatment has extended to

humans too. A double blind, randomized, placebo-

controlled trial in 123 children compared the use of

low-dose intravenous dexamethasone therapy, given in

conjunction with antibiotic therapy, with antibiotic

therapy alone [40]. Results showed that that the addition

of dexamethasone therapy to conventional antimicro-
rized reproduction of this article is prohibited.

bials reduced the duration of the clinical course of septic

arthritis as well as decreasing the extent of joint damage

and dysfunction.



Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Septic arthritis Mathews and Coakley 461

Figure 1 Diagnostic and treatment algorithms for the management of the hot-swollen joint

Clinical impression
Septic arthritis

Patient presents with acute increase in pain +/− swelling in one  or more joints

G.P

(a)

(b)

Refer as an
emergency to

secondary care

Rheum/ortho/A and E  

Definite
alternative
diagnosis

Inflammatory
arthritis 

Crystal arthritis

Haemarthrosis

Trauma

Bursitis/cellulitis

Treat as
appropriate 

No definite
alternative
diagnosis 

Self referral to
A and E 

Must aspirate
and other

investigations   

History
examination

History
examination

Diagnosis septic arthritis
Empirical antibiotic treatment  (as per local protocol)

Alter if necessary once results available

Not septic
Seek rheumatology or
orthopaedic advice if

in doubt 

Management of septic arthritis in secondary care

Admit patient to hospital (rheumatology or
orthopaedics according to local custom) 

Ensure synovial fluid/blood and any other relevant culture samples are taken

Commence antibiotics – as per protocol

IV antibiotics should be used and continued for at 
least 2 weeks

Further treatment with oral antibiotics for at least 
4 week

Do not stop antibiotics until symptoms and signs 
resolve, and ESR/CRP are returning to normal

Joint should be aspirated to 
dryness as often as required (either 

by needle aspiration or 
arthroscopically)

If there is lack of resolution despite treatment consider the following:

Incorrect causative organism – stop antibiotics and re-culture

Modification of antibiotic therapy – seek microbiological advice

Alternative foci of infection or systemic sepsis 

Further imaging e.g. MRI – osteomyelitis may require surgical intervention

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate. Reproduced with permission from [20].
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Conclusion
Septic arthritis is a diagnosis that rests on the level of

clinical suspicion of an experienced physician. Laboratory

investigations such as the synovial fluid WCC may help to

increase the pretest probability of the diagnosis but should

not be relied upon. Our recent systematic review of the

literature has generated evidence-based guidelines and an

algorithm to guide management of the hot-swollen joint.

In the face of emerging drug resistance future develop-

ments may include the use of newer antimicrobials such

as linezolid. There may also be a role for adjunctive

462 Infectious arthritis and immune dysfunction
corticosteroid therapy as well as novel immunotherapeu-
tic agents that have yet to make the transition from the

bench to the bedside.

References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:
� of special interest
�� of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (pp. 510–511).

1 Gupta MN, Sturrock RD, Field M. A prospective 2-year study of 75 patients
with adult-onset septic arthritis. Rheumatology (Oxford) 2001; 40:24–30.

2 Weston VC, Jones AC, Bradbury N, et al. Clinical features and outcome of
septic arthritis in a single UK Health District 1982–1991. Ann Rheum Dis
1999; 58:214–219.

3

��
Mathews CJ, Kingsley G, Field M, et al. Management of septic arthritis: a
systematic review. Ann Rheum Dis 2007; 66:440–445.

Systematic review of the literature on the management of the suspected septic joint.

4 Dubost JJ, Fis I, Denis P, et al. Polyarticular septic arthritis. Medicine (Baltimore)
1993; 72:296–310.

5

�
Edwards CJ, Cooper C, Fisher D, et al. The importance of the disease process
and disease-modifying antirheumatic drug treatment in the development of
septic arthritis in patients with rheumatoid arthritis. Arthritis Rheum 2007;
57:1151–1157.

Analysis of the risks of septic arthritis in patients with RA.

6 Bongartz T, Sutton AJ, Sweeting MJ, et al. Anti-TNF antibody therapy in
rheumatoid arthritis and the risk of serious infections and malignancies:
systematic review and meta-analysis of rare harmful effects in randomized
controlled trials. JAMA 2006; 295:2275–2285.

7 Dixon WG, Watson K, Lunt M, et al. Rates of serious infection, including site-
specific and bacterial intracellular infection, in rheumatoid arthritis patients
receiving antitumor necrosis factor therapy:results from the British Society for
Rheumatology Biologic Register. Arthritis Rheum 2006; 54:2368–2376.

8 Kaandorp CJ, Dinant HJ, van de Laar MA, et al. Incidence and sources of
native and prosthetic joint infection: a community based prospective survey.
Ann Rheum Dis 1997; 56:470–475.

9 Sharp JT, Lidsky MD, Duffy J, Duncan MW. Infectious arthritis. Arch Intern
Med 1979; 139:1125–1130.

10 Meijers KA, Dijkmans BA, van den Broek PJ, Cats A. Nongonococcal infectious
arthritis: a retrospective study. J Infect 1987; 14:13–20.

11 English Hospital Episodes Statistics online. 2008; www.dh.gov.uk/en/
publicationsandstatistics/Statistics/HospitalEpisodeStatistics/index.htm.
2008.

12 Arnold SR, Elias D, Buckingham SC, et al. Changing patterns of acute
hematogenous osteomyelitis and septic arthritis: emergence of community-
associated methicillin-resistant Staphylococcus aureus. J Pediatr Orthop 2006;
26:703–708.

13 Millar BC, Loughrey A, Elborn JS, Moore JE. Proposed definitions of community-
associated meticillin-resistant Staphylococcus aureus (CA-MRSA). J Hosp
opyright © Lippincott Williams & Wilkins. Unautho

14 Kroesen S, Widmer AF, Tyndall A, Hasler P. Serious bacterial infections in
patients with rheumatoid arthritis under anti-TNF-alpha therapy. Rheumatol-
ogy (Oxford) 2003; 42:617–621.
15 Murdoch DM, McDonald JR. Mycobacterium avium-intracellulare cellulitis
occurring with septic arthritis after joint injection: a case report. BMC Infect
Dis 2007; 7:9.

16 Zalavras CG, Dellamaggiora R, Patzakis MJ, et al. Septic arthritis in patients with
human immunodeficiency virus. Clin Orthop Relat Res 2006; 451:46–49.

17 Coutlakis PJ. Another look at synovial fluid leukocytosis and Infection. J Clin
Rheumatol 2002; 8:67–71.

18 Li SF, Cassidy C, Chang C, et al. Diagnostic utility of laboratory tests in septic
arthritis. Emerg Med J 2007; 24:75–77.

19

�
Margaretten ME, Kohlwes J, Moore D, Bent S. Does this adult patient have
septic arthritis? JAMA 2007; 297:1478–1488.

Review of studies looking at the diagnostic utility of the synovial white count.

20 Coakley G, Mathews CJ, Field M, et al. BSR & BHPR, BOA, RCGP and BSAC
guidelines for the management of the hot swollen joint in adults. Rheumatol-
ogy (Oxford) 2006; 45:1039–1041.

21 Stengel D, Bauwens K, Sehouli J, et al. Systematic review and meta-analysis
of antibiotic therapy for bone and joint infections. Lancet Infect Dis 2001;
1:175–188.

22 Falagas ME, Siempos II, Papagelopoulos PJ, Vardakas KZ. Linezolid for the
treatment of adults with bone and joint infections. Int J Antimicrob Agents
2007; 29:233–239.

23 Esposito S, Leone S, Noviello S, et al. Outpatient parenteral antibiotic therapy
for bone and joint infections: an Italian multicenter study. J Chemother 2007;
19:417–422.

24 Goldenberg DL, Brandt KD, Cohen AS, Cathcart ES. Treatment of septic
arthritis: comparison of needle aspiration and surgery as initial modes of joint
drainage. Arthritis Rheum 1975; 18:83–90.

25 Smith SP, Thyoka M, Lavy CB, Pitani A. Septic arthritis of the shoulder in
children in Malawi. A randomised,prospective study of aspiration versus
arthrotomy and washout. J Bone Joint Surg Br 2002; 84:1167–1172.

26 Tarkowski A, Collins LV, Gjertsson I, et al. Model systems: modeling human
staphylococcal arthritis and sepsis in the mouse. Trends Microbiol 2001;
9:321–326.

27 Tissi L, Marconi P, Mosci P, et al. Experimental model of type IV Streptococcus
agalactiae (group B streptococcus) infection in mice with early development of
septic arthritis. Infect Immun 1990; 58:3093–3100.

28

�
Mathews CJ, Weston VC, Kingsley GH, Coakley G. Future Management of
Septic Arthritis. Future Rheumatol 2008; 3:43–50.

Future strategies in the diagnosis and management of septic arthritis.

29 Palmqvist N, Foster T, Tarkowski A, Josefsson E. Protein A is a virulence factor
in Staphylococcus aureus arthritis and septic death. Microb Pathog 2002;
33:239–249.

30 Nilsson IM, Patti JM, Bremell T, et al. Vaccination with a recombinant fragment
of collagen adhesin provides protection against Staphylococcus aureus-
mediated septic death. J Clin Invest 1998; 101:2640–2649.

31 Deng GM, Tarkowski A. The features of arthritis induced by CpG motifs in
bacterial DNA. Arthritis Rheum 2000; 43:356–364.

32 Hultgren O, Eugster HP, Sedgwick JD, et al. TNF/lymphotoxin-alpha double-
mutant mice resist septic arthritis but display increased mortality in response
to Staphylococcus aureus. J Immunol 1998; 161:5937–5942.

33 Hultgren OH, Svensson L, Tarkowski A. Critical role of signaling through IL-1
receptor for development of arthritis and sepsis during Staphylococcus
aureus infection. J Immunol 2002; 168:5207–5212.

34 Hultgren O, Kopf M, Tarkowski A. Outcome of Staphylococcus aureus-
triggered sepsis and arthritis in IL-4-deficient mice depends on the genetic
background of the host. Eur J Immunol 1999; 29:2400–2405.

35 Gjertsson I, Hultgren OH, Tarkowski A. Interleukin-10 ameliorates the outcome
of Staphylococcus aureus arthritis by promoting bacterial clearance. Clin Exp
Immunol 2002; 130:409–414.

36 Hultgren OH, Stenson M, Tarkowski A. Role of IL-12 in Staphylococcus
aureus-triggered arthritis and sepsis. Arthritis Res 2001; 3:41–47.

37 Tissi L, McRae B, Ghayur T, et al. Role of interleukin-18 in experimental group
B streptococcal arthritis. Arthritis Rheum 2004; 50:2005–2013.

38 PulitiM, von HunolsteinC,Verwaerde C,et al.Regulatory roleof interleukin-10 in
experimental group B streptococcal arthritis. Infect Immunol 2002; 70:2862–
2868.

39 Sakiniene E, Bremell T, Tarkowski A. Addition of corticosteroids to antibiotic
treatment ameliorates the course of experimental Staphylococcus aureus

arthritis. Arthritis Rheum 1996; 39:1596–1605.
Infect 2007; 67:109–113.
rized reproduction of this article is prohibited.

40 Odio CM, Ramirez T, Arias G, et al. Double blind, randomized, placebo-
controlled study of dexamethasone therapy for hematogenous septic arthritis
in children. Pediatr Infect Dis J 2003; 22:883–888.


