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Clinical Guidelines for the Antimicrobial Treatment of Bone and Joint Infections
in Korea

The Korean Society for Chemotherapy, The Korean Society of Infectious Diseases, and The Korean
Orthopaedic Association

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.

Key Words: Osteomyelitis; Septic arthritis; Antimicrobial treatment

* SHELY YT=XE HERIEE
I FalTl (naoiety 2 ZHH)
2l 0lxle (QUsitistu S ZiSHUn), OfxiZ (SRt ZEaaHY g, 2e (Meol=d S
S (Ltisfu = A, s (duitisfu HdMM=Ee Feelul), olxg (Matisful EiE s el
FEE (MU Fela), S (Hosiu SAEE FHeluh), 22 (QUMCHS L LAEHHP Faiela)
2l & UI=2itsi ME42EE e, 0318 (Vidtisiu ZH e )
* =2 HIIR2 2012 128 oIl =L Aol Mgt S2HEd Yol -0l tHeh 7[2XQl HAIE HAlsks A2 M 2 &Kol thshM 2=
Moz XMEshe ARCE XRE 72Xz ISk TN BXAte| o gets afet oMol REH! THf ot TRt SR8t
2 Ene2 el Me H us SXos Z8E o oLt el S0tz HA =X 522 AZE 4 gleH, ol FEEE
Che =Xo=2 MZsluAt o= dR0l= MERIRE/0 MH @7 ME MSSIH MEH SIS 0{0f &f

Received: March 31, 2014

Corresponding Author : Committee of the Korean Society for Chemotherapy for Clinical Guidelines of Bone and Joint Infection
Korean Society for Chemotherapy, Asterium #1203, Majellan 21, 17 Teheran-ro 87-gil, Gangnam-gu, Seoul 135-880, Korea
Tel: +82-2-557-1755, Fax: +82-2-6499-1755, E-mail: ksc@ksac.or.kr



g%l

piul

o
3 2AlE)

-

sk
s}

o

i}

3

T

13 (7}

F

L

rf

or
oK
RO

g7
774 2

T
sk
=

o] AHgE 1

]

o
X

2z

]

=i

9] 29|

find

&

o] W91% 212417 b el PIPOH

2]
T1

B s A]

2]

I=
i

o]

A
(Population, Intervention, Professionals, Outcomes, Healthcare set-

lation), 524 7} &)= <=4 (Intervention), 21 & %]
L 4o A 7iA) U g5 171 A 2K Outcomes), 715 4]

A 2] 7.3} 7 (Healthcare setting)ol] taf] 7 4k<]

), 2A =4

L
=

J

o

> o]

[e=Ks)
=

ks

Fta
Aolck.

[a12, 32} 2] 27| e

9

A7 @1 ool Al =

RS ECIER

HU

o}

2

!

il
od
Bl

o
1o

9l

=
F KoreaMed

g| o] ] #| o] A~ (Korean

Medical Database, kmbase.medric.orkr) & ©]-8-5}] 4

o

1
jLn

Sl
Sy

< PubMed (www.pubmed.gov)

thel

Fo] 19751 1945 20124 129717 =
°©

2l

9

]

SEREE

[e]
o

)%
A

o

9] 749 W] Pubmedof| A 7 M EA}("Arthritis, Infec-
2+ A A

3]

]

T1

)

=

o
i)
2

4) 27 2
AA A 2

o &
2R

tious" [Mesh] OR septic arthritis) AND (guideline OR systematic[sb])

(http://www.koreamed.org) 2}

A A7)

4

=

Zks

o] AR A3
o]

_Or1

=13
=

Al ARg-of] et 82

&}

12819] 7}

Hol—Zﬂ'

Al ol

=ule] =3

L

SEE
ot

9

2
of Al €]

]

=

2

R
A2 (4-22) 22 7H )

o & 7fjekel of ol 5

EA

e]
,Z.ﬂ

293 9l

3

oA (A2t efa Heful

oo Alest

A A A g TFs e 5

Kel
=
o]
=

= AL 1L )
I: One or more properly designed randomized, controlled trial
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Quality of evidence for recommendation
III: Expert opinion, descriptive studies
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Table 1. Strength of recommendation and quality of evidence for recommendation

B: Should generally be offered

Strength of recommendation
C: Optional

A: Should always be offered
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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 inmune 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
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Type I: Medullary
osteomyelitis ‘
Medullary
Type II: Superficial
osteomyelitis @
Superficial
Type III: Localized
osteomyelitis @
Localized
TypelIV :Diffuse
osteomyelitis ; i?
o7
Difuse

Figure 1. Ciery-Mader classification of osteomyelitis according to the
anatomical extent.
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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, Pasteu-
rella multocida, Eikenella corrodens

Decubitus ulcer Streptococci, enterococci, anaerobic
bacteria

Nosocomial infection  Pseudomonas aeruginosa, Enterobacte-

riaceae
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Figure 2. Treatment algorithm for adult long bone osteomyelitis (Figures modified from Lazzarini et al. [27] Reprinted with permission from The Journal of Bone
and Joint Surgery).
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Table 6. Suggested regimens for antimicrobial therapy of osteomyelitis
I

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 staphylo- or 2.0 g cefazolin every 8 hours or 2.0 g ceftriaxone every 24 hours
therapy cocci > step-down oral agents* or 600 mg clindamycin every 8 hours

Methicillin resistant Staphylococcus

aureus or Coagulase-negative staphylo-

cocci

Streptococcus spp.

Enterobacteriaceae, quinolone-suscepti-
ble, non-extended-spectrum
B-lactamase (ESBL)-producing

Enterobacteriaceae, quinolone-resistant,
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
4-6hours
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
45 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-dalfopristin
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

4.5 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, /6., 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 15-20 pig/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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=9, WA o Aol & ERt AR o] gt Sanchez 52 4
= G2oJoll A S A 79} FHA aL-8-wF TMP/SMXori-
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oFet et a e Alysof oIth(AlD). Pavoni 52 {154t =t e
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Table 7. Groups at high risk for septic arthritis
People with joint diseases, such as rheumatic arthritis or degen-
erative 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
Mjycobacterium spp.
Fungi
Anaerobes
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Table 9. Sensitivity and specificity based on the results of white blood cell (WBC) counts and fractions

Likelihood ratio (95% CI)

Sensitivity (%) Specificity (%) e 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, immunocompromised)

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 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 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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