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There are many various diseases in the bone and joint infections, and we tried to make antimicrobial treatment guidelines for
common infectious diseases based on available data for microbiology and clinical trials. This guidelines focused on the treat-
ment of osteomyelitis and septic arthritis, which can be experienced by physicians at diverse clinical settings. This guidelines
is not applicable to diabetic foot infections, postoperative infections or post-traumatic infections which need special consider-
ations. The guidelines for those conditions will be separately developed later. Surgical treatment of bone and joint infections,
pediatric bone and joint infection, tuberculous bone and joint infection, and prophylactic antibiotic use were not included in
this guideline.
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Introduction

1. Background and purpose

In recent years, the clinical practice of treating bone and
joint infection has changed. Despite new therapeutic modali-
ties being developed, physicians still consider bone and joint
infections difficult to cure due to the high rate of treatment
failure and recurrence. Osteomyelitis and septic arthritis usu-
ally refer to infections of the upper and lower extremities of
bones, spinal bone structures, and joints. These guidelines
recommend antimicrobial therapy for the treatment of osteo-
myelitis and septic arthritis for primary physicians, trainees of
teaching hospitals, medical specialists, orthopedic surgery
specialists, and neurosurgery specialists.

2. Scope

These guidelines suggest antimicrobial therapy for the treat-
ment of osteomyelitis and septic arthritis based on evidence
acquired from the domestic and foreign literature. We will de-
velop differentially further medical guidelines on the diagno-
sis of osteomyelitis and septic arthritis, diabetic foot infection,
surgical site infection including arthroplasty, and post-trauma
infection.

The surgical treatment of osteomyelitis and arthritis, pediat-
ric osteomyelitis and arthritis, and tubercular osteomyelitis
and arthritis, and the prophylactic use of preoperative antibi-
otics, are excluded from these guidelines.

3. Guideline development methods

1) Establish a committee for developing the guidelines

Through multidisciplinary cooperation, the committee was
composed of 12 people, including infectious disease special-
ists, orthopedic surgery specialists, and preventive medicine
specialists.

2) Define the scope of the guidelines

The guideline development committee created these criteria
based on the five considerations of PIPOH (Population, Inter-
vention, Professionals, Outcomes, Healthcare setting). We de-

fined the scope of the guidelines in a committee that dis-
cussed the state of the disease in a population, therapeutic
interventions, target professionals, patient outcomes (focused
on increasing survival rate or improving quality of life), and

the customization of individual healthcare settings.

3) Framing key questions

Defining key questions was the first stage; it involved col-
lecting evidence and data and conducting evaluations. After
reviewing domestic and foreign medical guidelines and litera-
ture, the committee identified the development of these
guidelines as the key question.

4) Searching for evidence

We searched the PubMed (www.pubmed.gov) and Kore-
aMed (www.koreamed.org) databases for articles and guide-
lines published between January 1975 and December 2012
using the keywords “Arthritis, Infectious” [MeSH] or “septic ar-
thritis” and “guideline” or “systematic” The committee as-
sessed studies for potential eligibility and selected articles
from the literature.

5) Writing the guidelines and clarifying the strength of
the recommendations

The guideline development committee drafted the guide-
lines and classified the evidence according to three criteria (I,
I, IIT) after reviewing the literature based on each key ques-
tion. We classified evidence as A, B, or C when determining
the strength of a recommendation. Our development commit-
tee applied the strength of the recommendation and the qual-
ity of evidence for the recommendation according to informa-
tion from the Infectious Diseases Society of America (Table 1).

6) External specialists review and approval

The guidelines were presented to the Korean Society for
Chemotherapy on April 14, 2012. Specialist groups and soci-
ety members provided feedback freely. Based on their opin-
ions, we revised and finalized our guidelines.

Table 1. Strength of recommendation and quality of evidence for recommendation

Strength of recommendation

Quality of evidence for recommendation

A: Should always be offered
B: Should generally be offered
C: Optional

I: One or more properly designed randomized, controlled trial
II: One or more well-designed, nonrandomized trial

III: Expert opinion, descriptive studies
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Practice guidelines
1. Osteomyelitis

1) Epidemiology and classification

Osteomyelitis is defined as inflammatory changes of bone
tissue and accompanying bone destruction due to pyogenic
organisms [1]. Once symptoms appear and as time progress-
es, the disease can be classified as acute, subacute, or chronic.
However, osteomyelitis is a complicated condition as it is in-
fluenced by not only the time of disease onset, but also patho-
genesis, affected site, and local blood supply. Thus, classifica-
tion methods were used when considering these points.

Waldvogel’s classification was originally presented in 1970,
dividing osteomyelitis into hematogenous, contiguous, and
chronic osteomyelitis categories according to pathogenesis
and the time of disease onset (Table 2). Contiguous osteomy-
elitis was classified according to the presence or absence of

Table 2. Waldvogel's osteomyelitis classification system
. ]
Hematogenous osteomyelitis

Contiguous osteomyelitis
Accompanied by systemic vascular diseases

Not accompanied by systemic vascular diseases

Chronic osteomyelitis

Table 3. Cierny-Mader's osteomyelitis classification system
- |
Anatomical type

Type I: Medullary
Type II: Superficial
Type III: Localized
Type IV: Diffused
Physiological condition
A: Healthy
B: Systemically compromised, Bs
Locally compromised, Bl
Systemically and locally compromised, Bls

C: The majority of damage is due to treatment rather than
disease

Factors influencing immunity, metabolism, and local blood

supply

Systemic factors (Bs): Malnutrition, chronic renal failure, liver
failure, diabetes mellitus, chronic hypoxia, neonate/elderly,
malignancy, immunosuppression or immune deficiency.

Local factors (Bl): Chronic lymphedema, venous stasis, major
vessel compromise, arteritis, large scar formation, post-radia-
tion fibrosis, small-vessel disease, neuropathy or smoking

systemic vascular disease. Waldvogel’s classification system
was organized according to pathogenesis; thus, it is helpful to
make assumptions about infecting pathogens and choose the
appropriate empirical antibiotic treatment [2]. Hematogenous
osteomyelitis accounts for approximately 20% of all osteomyeli-
tis cases; it usually develops in children. In cases of osteomyeli-
tis related to parenteral drug abuse, the spine is commonly in-
volved [3]. The number of hematogenous osteomyelitis cases
has been decreasing thanks to social and economic changes as
well as the advancement of medical technology, whereas the
number of contiguous osteomyelitis cases has been rising be-
cause of increased numbers of traffic accidents and an in-
creased number of arthroplasty operations. Contiguous osteo-
myelitis accounts for 80% of all osteomyelitis cases. It develops
in soft tissues or secondary to surgery or trauma, and occurs
more often in adults than in children. It is commonly associat-
ed with vascular insufficiency of the infected area or prosthe-
sis. In such cases, it is hard to be cured.

Cierny-Mader’s classification system does not categorize the
disease according to its duration (i.e., acute or chronic). Rather,
it classifies the disease based on the anatomical extent of necro-
sis of the infected bone sites, the patient’s physiological state
and the systemic or local impact of disease on function (Table 3,
Fig. 1) [4]. Cierny-Mader’s classification system is frequently
used in clinical practice because it is especially helpful for de-
termining treatment and prognosis in patients with long bone
osteomyelitis. It is useful as a tool for determining whether sur-
gery is appropriate, and for selecting surgical methods.

Osteomyelitis Type I indicates that the infection is limited to
the medulla; it includes primary hematogenous infections.
Osteomyelitis Type II mostly occurs through a direct inocula-
tion or a contiguous focus of infection. Osteomyelitis Type III
usually involves cortical bone. Although the stability of the
bone is maintained, necrotic areas need to be removed. Os-
teomyelitis Type IV indicates that all layers of bone are infect-
ed and that all necrotic bone should be removed. Therefore,
the structural stability of the bone is compromised. However,
it is important to note that the osteomyelitis categories of the
Cierny-Mader'’s classification system can change dynamically
according to the patient’s condition, administration of antibi-
otic therapy, and other treatments. In addition, this classifica-
tion system would not be applicable to osteomyelitis in spe-
cial situations, such as peri-prosthetic osteomyelitis and
vertebral osteomyelitis.

2) Distribution of causative pathogens
Isolation of the causative pathogen in osteomyelitis is very
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Figure 1. Cierny-Mader classification of osteomyelitis according to the
anatomical extent.

important for determining the diagnosis and selecting effec-
tive treatments. Data from other countries indicate that
Staphylococcus aureus is the most common causative patho-
gen in most types of osteomyelitis. Enterobacteriaceae, coagu-
lase-negative staphylococci (CoNS), and streptococci (bite
wounds, bedsores, and diabetic foot infections) are also com-
mon causative pathogens [1, 5, 6]. Pseudomonas aeruginosa
is a common causative pathogen when the disease is acquired
in hospitals. The number of tuberculous osteomyelitis patients
has recently been growing in parallel with an increasing num-
ber of AIDS patients, while fungal infection cases remain rare.

According to a domestic article dealing exclusively with
spondylitis, causative pathogens were isolated in 71 of 101
cases; the results indicated that S. aureus was the most com-
mon pathogen, accounting for 36.6% of isolates. Meanwhile,
19.2% of S. aureus isolates were methicillin-resistant S. aureus
(MRSA). Viridans-group streptococci, Streptococcus agalacti-
ae, and Streptococcus pneumoniae accounted for 18.3%, 8.5%,
and 4.2% of isolates, respectively. Gram-negative pathogens
accounted for 18.3% of isolates, and included Escherichia coli
(9.9%) and P. aeruginosa (4.2%) [7]. Other domestic data indi-

Table 4. Major causative organisms according to patient age
. |
Infants (<1 year)

Group B streptococci
Staphylococcus aureus

Escherichia coli

Child/youth (1-16 years)
Staphylococcus aureus
Streptococcus pyogenes
Haemophilus influenza

Adult (>17 years)
Staphylococcus aureus
Pseudomonas aeruginosa
Serratia marcescens
Escherichia coli

Coagulase negative staphylococci

Table 5. Major causative organisms according to clinical conditions
- ]

Clinical situation Microorganism

Bite wound Streptococci, anaerobic bacteria,
Pasteurella multocida, Eikenella
corrodens

Decubitus ulcer Streptococci, enterococci, anaerobic

bacteria

Nosocomial infection ~Pseudomonas aeruginosa, Enterobac-
teriaceae

cated that S. aureus accounted for the largest proportion
(39.8%) at 37 cases among 93 cases of vertebral osteomyelitis;
37.8% of which was MRSA. Meanwhile, S. epidermidis ac-
counted for 12.9% of isolates, and streptococci accounted for
16.1%. Gram-negative pathogens accounted for 24.7% of all
vertebral osteomyelitis cases. E. coli was the most common
(12.9%), followed by Klebsiella pneumoniae (3.2%) and P. ae-
ruginosa (2.2%). No significant differences were detected
among the studies [8].

The distribution of causative pathogen in bacterial osteomy-
elitis differs according to patient age, route of disease disper-
sion, clinical situation, and the severity of clinical manifestation
[6, 9]. Considering age, 90% of hematogenous osteomyelitis oc-
curring in healthy children develops as a result of S. aureus in-
fection. Hematogenous osteomyelitis due to Haemophilus in-
fluenzae is also common in children who have not received H.
influenzae type B vaccination (Table 4) [2, 5, 6]. S. aureus, S.
epidermidis, P. aeruginosa, Serratia marcescens, and E. coli are
the common causative pathogens in adults with osteomyelitis.

Hematogenous osteomyelitis mainly occurs as a result of
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one pathogen, but contiguous osteomyelitis can occur 4) Diagnosis

through infection with a single pathogen or multiple patho- . . .
) . ) o 1. Acute hematogenous osteomyelitis occurs with rapid
gens [5]. Patients with vascular insufficiency frequently devel- o . .
o ) ) . onset within a few days, and is usually accompanied by

op mixed infection with S. aureus, CoNS, Enterobacteriaceae, .
pain or tenderness over the affected bone and general-

streptococci, enterococci, and anaerobic pathogens. In pa ized symptoms such as fever or chills. The onset of

tients with osteomyelitis related to prosthesis, the causative chronic osteomyelitis is insidious. Symptoms of chronic

pathogen is most commonly S. aureus. In such patients, we osteomyelitis are subtle, but include mild generalized

should consider the possibility of infection by S. epidermidis, symptoms, pain or tenderness over the affected bone for
P aeruginosa, and Propionibacterium spp. (Table 5) [1, 5]. long periods, and sinus tract involvement. Osteomyelitis
On the other hand, we also have to consider the possibility must be suspected in such cases (AIII).

of infection with Brucella spp., Coxiella burnetii (Q fever), and 2. After an intensive review and physical examination,
fungal infection, depending on the patient’s immunity, occu- plain radiographs and blood tests including complete
pation, and traveling history. If patients have risk factors for blood count (CBC) with differential counts, erythrocyte
candida infection, such as a history of treatment with broad- sedimentation rate (ESR), and C-reactive protein (CRP)
spectrum antibiotics, use of central catheters, and repeated levels must be performed to confirm diagnosis (ATID).

isolation of Candida spp. in the absence of another pathogen, 3. Magnetic resonance imaging (MRI) is considered the

we must suspect Candida osteomyelitis. best modality for the early detection of osteomyelitis
(AI). Three-phase bone scintigraphy can be used for pa-
tients for whom computed tomography or MRI ap-
proaches are difficult (BIII).

4. In principle, cultures of blood, abscess, and bony tissue

3) Clinical findings
Hematogenous osteomyelitis is frequently seen in children,

while contiguous osteomyelitis occurs in adults. Patients with ) . o
. . . specimens must be obtained before the institution of
acute osteomyelitis, especially hematogenous osteomyelitis, o .
localized vain of 1 davs. T hild antimicrobial agents (AIII).

resent localized pain of several days. In young children, sys- . . .
p p Y youns 5Y 5. Swab culture results from sinus discharge are often inac-
temic symptoms in particular, such as fever, irritability, and . . . .
curate for the detection of causative microorganisms,

lethargy, are accompanied by local symptoms such as tender- and thus cannot be relied upon. Culture from surgical or

ness, local heating, and swelling [1]. However, in the case of percutaneous bone biopsy is effective and should be

vertebral, hip joint, and pelvic osteomyelitis, specific symp- performed (AII). Along with bony tissue culture, a histo-
toms and signs may be absent, except pain. In addition, acute pathological examination can be performed to increase
osteomyelitis commonly occurs on the metaphysis in children diagnostic sensitivity (BII).

and the diaphysis in adults. Occasionally, the disease spreads

to nearby joints and progresses to septic arthritis. In most cas-

: . 5) Treatment
es, the infected bones are tender, and the range of motion )

(1) General principles of treatment (Fig. 2)

around the joints can be limited. Patients with subacute os-

teomyelitis usually shows mild bony tenderness of several 1. In cases of acute osteomyelitis, appropriate antimicrobi-
weeks, whereas fever and systemic symptoms are rarely ac- al agents should be given promptly to limit bacteremia,
companied. bone necrosis and bone destruction (AlI).

In general, patients with chronic osteomyelitis complain of 2. Surgical treatment should be considered in cases of
only chronic pain in the infected areas. Such patients could acute osteomyelitis when there is abscess formation or
have mild fever. Bone defects, sequestration, osteosclerosis, radiologic evidence of necrosis, or when the patient does
and sinus tract formation are also common characteristics of not respond to antimicrobial agents (AII).
chronic osteomyelitis [1]. Chronic osteomyelitis can be de- 3. A multidisciplinary team approach is needed for the

tected in a static state, but it can also slowly progress. In cases treatment of chronic osteomyelitis (AILI). Surgical inter-

where there is obstruction of the sinus tract, local abscess or ventions including adequate debridement of necrotic

. . . . . i , ilization of bony str res, management of
acute soft tissue infection are often identified. tissue, stabilization of bo y.st uctu es. anagement o
dead space, and reconstruction of soft tissue are needed.
It is essential that the selected antimicrobial agents are

appropriate for the isolated organism and that dosage
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and treatment duration is adequate .

4. Patient factors, such as improving nutritional state, stop-
ping smoking, controlling glucose levels, and restoring
blood flow, should be optimized as a part of treatment in
patients with chronic osteomyelitis (AIII).

5. Surgical modalities and duration of antimicrobial agents
are determined based on the Cierny-Mader's classifica-
tion. In general, we recommend antimicrobial treatment
of 4-6 weeks after the last major debridement. However,
treatment must be tailored according to the stage and
condition of the individual patient (AI).

(2) Antimicrobial therapy (Table 6)

1. Empirical antimicrobial agents must be administered

after obtaining cultures from blood, abscess, and bone
tissue specimens. Prior to obtaining a definitive Gram
stain and culture result, the clinician must select an ap-
propriate antimicrobial agent considering the epidemio-
logic factors of the community, local susceptibility rates,
the origin of infection (community or hospital), the gen-
eral condition of the patient, and the primary cause of
osteomyelitis.
Definitive antimicrobial therapy must be tailored ac-
cording to the Gram stain results, the susceptibility of
the isolated microorganism, and the degree of bone
penetration (AII).

2. Empirical antimicrobial treatment

1) In cases of community-acquired osteomyelitis, nafcil-
lin or cefazolin is recommended as an empirical agent,
given that the most commonly isolated organism is
methicillin-susceptible S. aureus (MSSA) (AI).

2) If gram-negative bacteria cannot be ruled out as the
causative agents in patients with community-acquired
osteomyelitis, ceftriaxone can be combined with naf-
cillin or cefazolin for coverage of both staphylococci
and gram-negative pathogens (CIII).

3) In cases of healthcare-associated or hospital-acquired
osteomyelitis, and in cases that have responded poorly
to antistaphylococcal treatment, vancomycin or teico-
planin can be considered to cover for MRSA (CIII).

3. Antimicrobial treatment for specific organisms
1) Nafcillin or cefazolin should be administrated to treat
osteomyelitis caused by MSSA (AI).
2) Vancomycin is not recommended for the treatment of
osteomyelitis caused by MSSA because of the high rate

of recurrence of MSSA (AII).

3) Either vancomycin or teicoplanin is recommended as
first-line therapy for MRSA osteomyelitis (BII).

4) The trough concentration of vancomycin should be 15-20
pg/mL when treating MRSA osteomyelitis (BIII).

4. Role of combination antimicrobial treatment and
switching to oral agents

1) Rifampin-containing regimen at early stage is generally
not recommended for the treatment of osteomyelitis (CIII).

2) Combinations regimens can be used as oral step-down
treatments for osteomyelitis caused by S. aureus, if sus-
ceptible. They include rifampin + ciprofloxacin, rifampin
+ levofloxacin, and rifampin + trimethoprim/sulfa-
methoxazole (BII).

3) Oral first-generation cephalosporin agents such as ce-
fadroxil, cephalexin, and cefradine are generally not
recommended (CIII).

4) For the treatment of osteomyelitis caused by P. aerugi-
nosa, monotherapy with a quinolone is not adequate
because of the high risk for the development of resis-
tance during the high bacterial burden that exists in the
initial stages of disease. Therefore, combination therapy
with a B-lactam agent and an aminoglycoside should
be initiated at early stage of treatment (BIII).

(3) The role of adjuvant therapy

The local delivery of antimicrobial agents (antibiotic im-
pregnated cement) can be used in the treatment of chronic
osteomyelitis as an adjuvant method of systemic antimi-
crobial treatment (BII).

(4) Treatment of vertebral osteomyelitis

1. Vertebral osteomyelitis is associated primarily with he-
matogenous monobacterial infection, and requires ap-
propriate selective antimicrobial treatment (AIT).

2. Indications for surgery include obtainment of specimen
for microbiological and histological diagnosis, resolu-
tion of compression of neural elements, stabilization of
instability due to extensive bone destruction, prevention
or correction of biomechanical deformity such as severe
kyphosis, drainage of clinically significant abscesses, or
management of intractable pain (BIII). Spinal cord com-
pression due to epidural abscess is a surgical emergency;
the abscess must be surgically decompressed within 24-36
hours of the development of neurologic deficits (AI).
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3.The recommended duration of antimicrobial treat-
ment is usually 6-12 weeks. However, treatment must
be individualized for each patient according to clinical
response, course of improvement, antimicrobial sus-
ceptibility of the causative organism, and the presence
or absence of an implant (BIII).

6) The role of adjuvant therapy

Inflammatory markers such as ESR and CRP level should
be checked regularly to evaluate the response to treatment
(AIID).

Typel |

Culture (blood and/or bone)

Initial antibiotic treatment

Medullary osteomyelitis

After 48 hours of adequate treatment I

Poor response

Change or modification of antibiotics based
on culture results

}

I Good response ]

| Surgical treatment

| Continue at least 4 weeks of

l antibiotic treatment
Continue at least 4 weeks of
antibiotic treatment
[
v v

Treatment failure I | Arrest (treatment success)

I

Re-treatment as above |

Type Il

Superficial osteomyelitis Superficial

debridement

Biopsy and
culture

Local or microvascular
coverage

Initial antibiotic
treatment

!

Change or modification of antibiotics
based on culture results

!

|Antibiotic treatment at least 2 weeks |

Type Il or IV

Localized or diffuse

| Debridement H Biopsy and culture H Initial antibiotic treatment

osteomyelitis

[ -

| Hardware removal |

K

Surgical management

of dead space

+

‘ Surgical stabilization |

+

‘ Soft tissue coverage ‘

|

Change or modification of
antibiotics based on culture results

}

4-6 weeks of antibiotics treatment
after major surgical debridement

! |

‘ Treatment failure | Arrest
(treatment success)

| Re-treatment as above |

Figure 2. Treatment algorithm for adult long bone osteomyelitis (Figures modified from Lazzarini et al. [10] Reprinted with permission from The Journal of Bone

and Joint Surgery).
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Table 6. Suggested regimens for antimicrobial therapy of osteomyelitis
'

Organism Preferred Alternative
Empirical ~Community onset 2.0 g nafcillin® every 4 hours or 2.0 g
antibiotic cefazolin every 8 hours (+°/-)
therapy 2.0 g ceftriaxone every 24 hours
Nosocomial or 1.0 g vancomycin‘every 12 hours
healthcare-associated or 400 mg teicoplanin every 24 hours
(First day every 12 hours) (+°/-)
2.0 g ceftazidime or cefepime every 8 hours
Selective ~ Methicillin susceptible Staphylococcus 2.0 g nafcillin every 4 hours 3.0 g ampicillin/sulbactam every 6 hours
antibiotic aureus or Coagulase-negative staphy- or 2.0 g cefazolin every 8 hours or 2.0 g ceftriaxone every 24 hours
therapy lococci > step-down oral agents’ or 600 mg clindamycin every 8 hours

Methicillin resistant Staphylococcus
aureus or Coagulase-negative staphy-
lococci

Streptococcus spp.

Enterobacteriaceae, quinolone-suscep-
tible, non-extended-spectrum
B-lactamase (ESBL)-producing

Enterobacteriaceae, quinolone-resis-
tant, non—ESBL-producing

Enterobacteriaciae, ESBL producer

Pseudomonas aeruginosa

Mixed anaerobes

1.0 g vancomycin‘every 12 hours
or 400 mg teicoplanin every 24 hours
(First day every 12 hours)

3-4 million units penicillin G every
4-6 hours

500-750 mg ciprofloxacin every 12
hours

2.0 g ceftriaxone every 24 hours

1.0 g ertapenem every 24 hours
or 500 mg imipenem every 6 hours
or 1.0-2.0 g meropenem every 8 hours

2.0 g ceftazidime or cefepime every 8 hours
(+/-) (combined with aminoglycoside for
2-4 weeks)

- followed by 750 mg oral ciprofloxacin®
every 12 hours

3.0 g ampicillin/sulbactam every 6-8 hours
1.2 g amoxicillin/clavulanate every 6-8 hours
4.5 g piperacillin/tazobactam every 8 hours

or 1.0 g vancomycin every 12 hours
> step-down oral agents’

600 mg linezolid every 12 hours
or 7.5 mg/kg quinupristin-dalfopris-
tin every 8 hours
or 600 mg clindamycin every 8 hours
or> 6.0 mg/kg '/day” daptomycin
or quinolone + 600 mg rifampin
or trimethoprim/sulfamethoxazole
+ 600 mg rifampin

2.0 g ceftriaxone every 24 hours

2.0 g ceftriaxone every 24 hours

45 g piperacillin/tazobactam every

8 hours (+/-) (combined with aminogly-
coside for 2-4 weeks)

or 500 mg imipenem every 6 hours

or 1.0-2.0 g meropenem every 8 hours
> followed by 750 mg oral ciprofloxacin
every 12 hours

+500 mg metronidazole every 8 hours
+600 mg clindamycin every 8 hours
or 500 mg imipenem every 6 hours

or 1.0-2.0 g meropenem every 8 hours

‘In patients with delayed hypersensitivity to nafcilin, cefazolin can be used. In patients with immediate hypersensitivity, penicillins should be replaced by vancomycin or
clindamycin. S aureus isolates that are clindamycin-susceptible but erythromycin-resistant should be tested for inducible clindamycin resistance using the D-test.
®Combination therapy can be considered before the causative organism is identified in some conditions, /.., preceding bacteremia when associated with urinary tract
infection or intra-abdominal infection, or in the immunocompromised or elderly.
“The trough concentration of vancomycin should be 1520 pg/mL.
“Combination therapy with drugs to which the organism is susceptible should be used for the treatment of osteomyelitis caused by S aureus.

500-750 mg ciprofloxacin every 12 houres + 600 mg rifampin every 24 houres/ 750 mg levofloxacin + 600 mg rifampin every 24 houres/ trimethoprim/sulfamethox-
azole 80/400 mg single strength, 2 tablets every 12 houres + 600 mg rifampin every 24 houres.
‘Quinolone monotherapy is no longer considered adequate because of the high risk for the emergence of resistance during the high bacterial burden that exists in the
initial stages of the disease; however, it can be used as an oral step down therapy after initial combination therapy with B-lactam agent and aminoglycoside.
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2. Septic arthritis

Septic arthritis is the major infectious disease in joints. How-
ever, because of its characteristics, most published studies in-
volved a retrospective design or were case reports; as a result,
it is difficult to develop clear clinical guidelines [11, 12]. How-
ever, it is critical that physicians are able to accurately distin-
guish septic arthritis from other conditions that have similar
symptoms, such as joint pain, erythema, and swelling.

1) Epidemiology

The following are at high risk for septic arthritis: patients
with degenerative osteoarthritis, people who abuse drugs,
people with alcoholism, patients with diabetes, people receiv-
ing injections or acupuncture in their joints, people with skin
ulcers, people aged 80 years or older, HIV patients, people of
lower social and economic status, and those who have under-
gone arthroplasty surgery [13, 20] (Table 7). Current Korean
studies are lacking, but some retrospective studies have re-

Table 7. Groups at high risk for septic arthritis
People with joint diseases, such as rheumatic arthritis or
degenerative arthritis
Undergone arthroplasty
Low social and economic status
Drug abuser
Alcoholism
Diabetes mellitus patients
People who have injected medications or received acupuncture
in their joints
Skin ulcers
Over the age of 80 years

HIV patients

Table 8. Causative pathogens of septic arthritis
- ]
Gram-positive aerobes

Staphylococcus aureus
Streptococci other than pneumococci
Streptococcus pneumoniae
Gram-negative bacilli
Haemophilus influenzae
Escherichia coli
Klebsiella pneumoniae
Neisseria gonorrhoeae
Neisseria meningitidis
Mycobacterium spp.
Fungi

Anaerobes

ported that infections proceeding from joint acupuncture or
intra-articular injections represent 50% of septic arthritis cas-
es [19].

The number of patients with chronic illness who are in long-
term care facilities has recently been increasing; consequent-
ly, the number of patients with septic arthritis has also in-
creased. It is important to consider the possibility that patients
living in medical facilities who have catheters, foot ulcers,
drug addictions, or who have recently undergone orthopedic
surgery may have contracted MRSA [21]. In the US and Eu-
rope in particular, the rates of community-associated MRSA
(CA-MRSA) infections have been gradually increasing [22, 23].
In Korea, studies examining CA-MRSA have been conducted
at multiple medical centers; however, only one case involved
a patient with septic arthritis [24].

2) Distribution of causative pathogens

The most common causative pathogens are S. aureus and
streptococci, which account for 60-90% of total septic arthritis
cases (Table 8) [15, 16, 20, 25, 26]. In retrospective studies in
Korea, 43 of 122 septic knee arthritis patients had positive cul-
ture results. Of those, 25 (58.1%) were due to S. aureus, while
two (4.7%) were due to streptococci. Another Korean study re-
ported that 20 of 80 patients had positive culture results; of
those, 10 (50%) were due to S. aureus and four (20%) were due
to CoNS [27]. Among young adults who engage in frequent
sexual contact, arthritis can result from infection with gono-
cocci, and septic arthritis with trauma can develop due to an-
aerobic pathogens [13, 28-30]. When risk factors such as old
age, repeated urinary tract infections, recent abdominal sur-
gery history, and immune suppression are present, infection
with gram-negative bacilli should be considered [20, 31, 32].
Studies have found that between 4.5% and 64% of septic ar-
thritis cases are culture-negative; the selection of antibiotics
for such patients is difficult [19, 33].

3) Clinical opinions

Septic arthritis is associated with symptoms that include a
sensation of heat, tenderness, and limited movement at the
joint; in most cases, these characteristics progress rapidly
within 2 weeks [15, 28]. In cases of low-pathogenic or tubercu-
lous arthritis, symptoms can develop slowly; in arthroplasty
infections, the symptoms are mostly acute, although it is pos-
sible that symptoms emerge slowly over an extended period
[34]. Patients with septic arthritis can also exhibit systemic
symptoms, such as fever [15]. Studies have reported that 60%
of septic arthritis patients experience fever (over 37.5°C) [13,
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15, 16, 35].

Septic arthritis usually occurs in the large joints, especially
the knee and hip joints, which accounts for 60% of all cases of
septic arthritis [20]. Shemerling and Jeng reported that in pro-
spective studies, 8-27% of patients who complained of mono-
articular heating sensation, tenderness, and edema had septic
arthritis (according to bacterial culture results) [35, 36]. In
most cases, the causative pathogens affected single joints, but
approximately 22% of cases had multiple joint involvement.
Gonococci and meningococci were the most common patho-
gens involved in infections in multiple joints [13, 16].

4) Diagnosis

1. Joint fluid analysis

1) In patients with suspected septic arthritis, joint fluid
analysis should be immediately conducted before an-
timicrobial agents are administered (AII).

2) Joint fluid should be collected for Gram staining and
culture, and the culture test should be performed us-
ing liquid agar, or after centrifuging, agar plates (AII).

3) Septic arthritis patients taking warfarin should still un-
dergo joint fluid analysis (BIII).

4) Total white blood cell (WBC) and differential counts in
joint fluid should be checked (AII) (Table 9).

5) To identify the causative pathogens, a polymerase
chain reaction (PCR) can be conducted (CIII).

6) In cases of suspected tuberculosis, an acid-fast bacilli
stain, culture, and PCR test can be conducted (BIII).

7) In cases of suspected fungal infection, fungal infection
tests can be conducted (BIII).

8) To confirm the crystallization of joint fluid, polarizing
microscopy should be performed. The joint fluid
should be stored at room temperature (AII). If crystal-
lization of joint fluid is confirmed, septic arthritis still
cannot be ruled out.

2. Laboratory tests

1) Uric acid level analysis is not helpful when diagnosing
gout or septic arthritis (BII).

2)Before antimicrobial agents are administered, a blood
culture test should be conducted (AII).

3)WBC count, CBC, ESR, and CRP tests should be conduct-
ed (AII). However, even if WBC count, ESR, and CRP are
not increased, septic arthritis may still be diagnosed.

3. Radiology examination
1) Septic arthritis cannot be diagnosed by plain radiogra-

phy of infected joints; however, such methods can be
used for distinguishing septic arthritis from other dis-
eases (BII).

2) MRI is helpful for checking for osteomyelitis and skin
and soft tissue infection in areas near septic arthritis,
and for determining the need for surgery (BII).

3) A bone scan can be used as an additional method for

confirming septic arthritis (BIII).

4. Tissue biopsy and culture
A biopsy and tissue culture should be obtained during
irrigation or curettage (AIII).

5) Treatment (Table 10, 11, 12)

1. If septic arthritis is suspected, joint fluid and blood cul-
ture samples should be collected and empirical - antimi-
crobial agents should be instituted, and then switched to
selective antimicrobial agents according to the results of
the Gram stain, as follows:

1) In cases without risk factors, cefazolin, ampicillin/sul-
bactam, or nafcillin should be used.

2) In cases with risk factors for MRSA infection, vanco-
mycin or teicoplanin should be used.

3) In cases with risk factors for gram-negative bacterial
infection, ceftriaxone should be used.

4) In cases with risk factors for gonococcal infection, cef-
triaxone should be used.

2. Bactericidal drugs should be chosen for empirical thera-
py (BID.

3. As soon as septic arthritis is diagnosed, sufficient drain-
ing should be conducted immediately (AII).

4. Early joint aspiration is performed for septic joints. After
24 to 48 hours that joint aspiration is done, repeated
procedure of joint aspiration and antimicrobial agents
therapy will be ineffective. In this case, surgical proce-
dures will be necessary. If joint aspiration is unavailable,
surgical procedure will be necessary (AIII).

5. According to the antibiotic susceptibility of the cultivat-
ed strain, targeted antimicrobial agents should be main-
tained or changed (AII).

6. In general, the total antimicrobial agents treatment peri-
od should be about 4-6 weeks, with injectable antimi-
crobial agents being adminstered for at least 2 weeks.
After 2 weeks, treatment may be switched to oral antimi-
crobial agents if the symptoms improve (CIII).
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therapy can be determined (CIII).

and clinical manifestations (BII).

7. By monitoring the results of ESR and CRP tests as indi-
cators of acute infection as well as the clinical manifesta-

tions of joint symptoms, the end-point for antibiotic

8. If the culture result is negative and septic arthritis re-
mains suspected, antimicrobial agents treatment should
be maintained. Empirical antimicrobial agents should
be continuously administered for as long as joint re-
sponses improve. Antimicrobial agents treatment can be
terminated based on joint symptoms, ESR, CRP level,

Notes

1. Limitations

Causative pathogens and antibiotic sensitivities can vary ac-
cording to geographical area and country; therefore, it is im-
portant to accumulate abundant data to allow the develop-
ment of clinical guidelines reflecting the reality of each
particular situation. However, these guidelines have been de-
veloped with limited data available for review because the do-
mestic literature is scarce. It will be necessary to revise the
guidelines after data from ongoing and future studies are ana-
lyzed. These treatment guidelines provide standards for the

clinical treatment of patients, yet they do not represent an ex-
clusive standard of care, as the treatments applied for each
patient may differ depending on the opinion of each individu-
al physician.

Table 9. Sensitivity and specificity based on the results of white blood cell (WBC) counts and fractions [37]

Likelihood ratio (95% CI)

Sensitivity (%) Specificity (%)
Positive Negative
> 100,000 WBC/mm® 29 99 28.0 (12.0-66.0) 0.71 (0.64—0.79)
> 50,000 WBC/mm® 62 92 7.7 (5.7-11.0) 0.42 (0.34-0.51)
> 25,000 WBC/mm® 77 73 2.9 (2.5-3.4) 0.32 (0.23-0.43)
Polymorphonuclear cells > 90% 73 79 3.4(2.8-4.2) 0.34 (0.25-0.47)

Cl, confidence interval.

Table 10. Selection of empirical antimicrobial agents for the treatment of septic arthritis according to risk factors
|

Risk factors

Antibiotics

No risk factor

High-risk of gram-negative bacteria infection
(elderly, recurrent urinary tract infection,
recent abdominal surgery, immunocompro-
mised)

High risk of methicillin resistant staphylococcus
aureus (recent admission into a long-term care
facility, foot ulcer)

Possible Neisseria gonorrhoeae (young adult,
recurrent sexually transmitted infections,
recent gonococcal infection)

2.0 g cefazolin every 8 hours

or 1.0-2.0 g nafcillin every 4 hours

or 3.0 gampicillin/sulbactam every 6 hours

*with/without gentamicin (5 mg/kg)

*If anaphylactic history with penicillin:

1.0 g vancomycin every 12 hours (trough concentration of vancomycin should be
15-20 pg/mL)

or 400 mg teicoplanin every 24 hours (first day 400 mg; every 12-hours loading)

2.0 g ceftriaxone every 24 hours

*If allergic to ceftriaxone:

750 mg levofloxacin every 24 hours

or 400 mg ciprofloxacin every 12 hours

1.0 g vancomycin every 12 hours (trough concentration of vancomycin should be
15-20 pg/mL)
or 400 mg teicoplanin every 24 hours (first day 400 mg; every 12-hours loading)

1.0 g ceftriaxone every 24 hours (intravenous or intramuscular route)
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Table 11. Selection of antimicrobial agents based on Gram stain results
- |

Gram stain result

Antibiotics

Gram-positive cocci

Gram-positive cocci

Gram-negative bacilli

Gram-negative cocci

Low risk of Methicillin resistant
Staphylococcus aureus

High risk of Methicillin resistant
Staphylococcus aureus

2.0 g cefazolin every 8 hours
or 1.0-2.0 g nafcillin every 4 hours

or 3.0 g ampicillin/sulbactam every 6 hours

*with/without gentamycin (5 mg/kg)

*If anaphylactic history with penicillin:

1.0 g vancomycin every 12 hours (trough concentration of vancomycin
should be 15-20 pg/mL)

or 400 mg teicoplanin every 24 hours (first day 400 mg; every 12-hours

loading)

1.0 g vancomycin every 12 hours (trough concentration of vancomycin
should be 15-20 pg/mL)

or 400 mg teicoplanin every 24 hours (first day 400 mg; every 12-hours

loading)

2.0 g ceftriaxone every 24 hours

*If allergic to ceftriaxone:
750 mg levofloxacin every 24 hours
or 400 mg ciprofloxacin every 12 hours

1.0 g ceftriaxone every 24 hours (intravenous or intramuscular route)

Table 12. Selection of antimicrobial agents based on the results of bacterial culture and antibiotic susceptibility testing
|

Major pathogen

Primary

Alternative

Methicillin susceptible Staphy-
lococcus aureus

Methicillin-resistant Staphylo-
coccus aureus

Streptococcus spp.

Enterobacteriaceae,
quinolone-susceptible

Enterobacteriaceae,
quinolone-resistant

Enterobacteriaceae, ESBL
producer

Neisseria gonorrhoeae

Pseudomonas aeruginosa

Mixed anaerobes

1.0-2.0 g nafcillin every 4 hours or 2.0 g cefazolin
every 8 hours

1.0 g vancomycin every 12 hours (trough concen-
tration of vancomycin should be 15-20 pg/mL)

or 400 mg teicoplanin every 24 hours (first day
400 mg every 12-hours loading)

3-4 million units penicillin G every 4-6 hours
or 20 million units 24-hours continuous infusion
or 2.0 g cefazolin every 8 hours

400 mg ciprofloxacin every 12 hours
or 750 mg levofloxacin every 24 hours

Ceftriaxone 2.0 g every 12 hours

1.0 g ertapenem every 24 hours
or 500 mg imipenem every 6 hours
or 1.0 g meropenem every 8 hours

1.0 g ceftriaxone every 24 hours

2.0 g ceftazidime every 8 hours

3.0 g ampicillin-sulbactam every 6 hours

3.0 g ampicillin/sulbactam every 6 hours
*with/without gentamicin (5 mg/kg)
*If anaphylactic history with penicillin:
1.0 g vancomycin every 12 hours (trough concen-
tration of vancomycin should be 15-20 pg/mL)
or 400 mg teicoplanin every 24 hours (first day
400 mg; every 12-hours loading)

600 mg linezolid every 12 hours

2.0 g ceftriaxone every 24 hours
or 750 mg levofloxacin every 24 hours

2.0 g ceftriaxone every 24 hours

1.0 g cefotaxime every 8 hours

2.0 g cefepime every 12 hours

or 4.5 g piperacillin-tazobactam every 8 hours
or 500 mg imipenem every 6 hours

or 1.0 g meropenem every 8 hours

500 mg metronidazole every 8 hours
or 600 mg clindamycin every 8 hours
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2. Plan for updating the guidelines

The plan is to revise these guidelines every three years.
Based on the data collected between January 2013 and June
2016, we will update the guidelines with new content in 2016.

3. Potential conflicts of interest

The development of these treatment guidelines was sup-
ported by the Korean Society for Chemotherapy. However, the
guideline development committee commits to maintaining its
objectivity regardless of the origin of the funds provided. No
other research funding was received while developing these
guidelines. Moreover, no interest group influenced the devel-
opment of these guidelines.

Supplement

We searched the PubMed (www.pubmed.gov) and Kore-
aMed (www.koreamed.org) databases for articles and guide-
lines published between January 1975 and December 2012
using the keywords “Arthritis, Infectious” [Mesh] or “septic ar-
thritis” and “guideline” or “systematic” The committee as-
sessed studies for potential eligibility and selected 138 articles
from the literature.

Supplementary material

Guideline Korean version.
Supplementary material can be found with this article on-
line http://www.icjournal.org/src/sm/ic-46-125-s001.pdf.
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