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The Issue: Staphylococcus aureus

 Prior to 2002, virtually all community strains
were methicillin-susceptible

e Increasing incidence of MRSA In all invasive
staphylococcal infections, currently at ~ 40%
of all staphylococcal isolates, but has not
Increased further during the past 3 years



The Issue: Staphylococcus aureus

Empiric therapy needs to take into
consideration that S. aureus might be resistant
to methicillin

Each region has different susceptibility data
that accurately inform the decision on empiric
therapy

How high of a “target attainment” is required
for each individual patient with skin or
osteoarticular infection?

80%7? 90%? 95%7? 99%7?



The Issue: Staphylococcus aureus
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The Issue: Staphylococcus aureus

PERCENT OF ISOLATES SUSCEPTIBLE BY INHIBITION
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. Vancomycm uniformly active agalnst MRSA (except hVISA) not
rapidly cidal;, nephro/ototoxicities

 Clindamycin: less bactericidal than vancomycin; variable
resistance rates; diarrhea; poor tasting oral suspension

« TMP-SMX: active in vitro, but no prospective studies!

 Rifampin: gets into tissues well, but may be antagonistic for some
strains, not synergistic; development of resistance if only rifampin
present at site of infection

« Aminoglycosides: poorly active in low pH pus




“D Test”
For Inducible Clindamycin Resistance

Clindarnycin Erythromjsis

D-test positive organisms that do NOT constitutively produce
methylase, but are “inducible” may still be treatable with
clindamycin (eg, in low pathogen-load infections)
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FIGURE 1. Etiology of acute osteoarticular infection
2000-2004.

Arnold SR et al. 2006 J Pediatr Orthop. Le Bonheur Children’s, Memphis, TN



Osteo In the CA-MRSA Era

Table 1 Acute haematogenous osteomyelitis: Comparison of 1solated
organisms

[solated organism Current study no. Nade study no.

(%) 2005 (9)1974

S. aureus 34 (76%) 42 (75%)
Methicillin-resistant S. aureus 4 (9% ) < 0

S. pneumoniae 2 (4%) 3 (3%)
S. pyvogenes 2 (4%) 6(11%)
Group B Streptococcus 2 (49)

Yersinia entercolitica 1 (2%)

H. influenzae 0

S. haemolyticus 0

E. coli 0

Bacillus proteus 0

Goergens ED et al. 2005 J Paediatr Child Health. OSsteo In Australia



TABLE 2. Comparison of MRSA Versus Other Acute Osteomyelitis
Group 1 MSSA  Group 2 MRSA  Group 3 Non—5S. aurens With  Group 4 Culture

f"I‘F"\actcristirs (n=71) (n = 36) Positive Culture (n = 57) Negative (n = 125) P*
y are W |
ware %

61 72 54 58 NS

]ﬂ,ﬂf. Y 14 4 26 36 2vs 1:0.001
concerneggEas 36 31 26 42 NS
I]isr‘:-;mjc, Yo 47 22 46 28 vs 1200215 2 ws 3: 0L039

[ O R S

vs 3: 0.004; 2 vs 4: <0.001
2

Age of =5 v, T 75 78 52 36
Trauma, % 43 50 30 28 vs 3: 0.082; 2 vs 4: 0.024
Open wound, %o 25 1.1 23 12 NS

D aI I aS I Aatibiotics before admission, %% 31 42 44 28 NS
) s of symptoms before admission 5(3-7) 6 (3-7) 6 (3-13) Ti3-12) NS

Fever at presentation, %o 78 83 63 54 2vs 3:0.064; 2 vs 4: 0.003

|L'TRF' of =4 mg/dL, %o 58 Bty 42 34 2vs 1: [}.[}[}'.-'l; 2 vs 3 <0001
2wvs 4 <0.001

|1"-.SR of =40 mm/h, %o o) 83 56 57 2vs l: [}.[}ljl 2vs 3: 0,007,
2 vs 4 0.003

Anemia at presentation, % 31 6l 35 20 2ws 1:0.005; 2 vs 3: 0.012;
2 vs 4 <0.001

Arhritis, %o 14 33 235 12 2 vs It {h_{}35|

Multiple bones involved, % 21 19 L4 l NS

Days of positive blood culturet I (01 2 (0-3.25) —1 — 2wvs It [}.[}[}Rl

Days to defervescence I (0—t) 502-10) I (0-3) 0i0-1) 2 vs others: <0.05

Any complication, %o 49 86 49 L1 2 vs others: <0.00]

Abscess, o 26 69 39 Ll 2 vs Lo =0.00 ll; 2vs3:007;
2ws 4 =0.001

Need for surgery, %% 49 78 63 20 vs L: [?.[}[}'.-’t 2 vs 4: <0.001

Days to normal CRP B(5-14) 25 (14-32) L1 (6-16) 6 (3-11)
Days to normal ESR 21 (13-26) 53 (30120 30 (19-62) 15 (8=31)
Days on intravenous antibiotics T(4-12) 22 (10-33) 8 (8-23) 4.5 (3-6)
Total davs on antibiotics 29 (23-40) 42 (2869 36 (26.5-50) 25 (21-32.5)
Days of hospitalization T (5-10) 15 (10-25) 9 (5-14) 5@-T)
Relapse or sequelae, %% L7 29 L% Ll

vs others: <0.05 |
vs | and 4: <0.05 |
vs others: <0.05

vs | and 4: <0.05 |
vs others: <0.05

vs 4: 0.029

[ S S Y SN I S I S S S

*Omly significant P values are shown, Only shown MRSA versus others.

Saavedra-Lozano J et al. 2008 J Pediatr Orthop



Clinical disease caused by CA-MRSA

 More inflammation by CRP, ESR
 Longer positive blood cultures
 More abscess formation

* More complications

« More surgeries

 Slower decrease In fever
 Longer IV antibiotic therapy



TABLE 3 Clinical, Laboratory, and Radiographic Features of Children With pv/+ and pvi— Acute 5 aureus

Osteomyelitis
Characteristic pul* pvi— P
in =159 in = 26)
Single site of infection, 7 (%) 500847 25(96.2) A7
Multiple sit=s of infection, n (%) S{15.3) | (3.8)
Location of single-site ostecmyelitis, n (%)2 MS
W h ar e W e Femur 15(254) 6(23.1)
y Tibia/Mbula 203359 10{38.5)
Othert 15(254) 0344
Aritibiatics prior to diagnosis, n (%) [&(30.5) 6{231) ME
C O n C e r n e d 7 Curation of symptoms prior to diagnosis, d 6.0 .1 NS
. Surgical intervention, n (%) 5491 .5) 22 (84.6) K5
ICU) treatrment, n (%) 11{18.5) | (3.8 01
ESR at presentation 000e
n 56 25
Mean = 50, mm/h B0+ 287 el+ 213
Median frange), mm/h a8 41400 62 (15-97)
Maximum ESR =2.0000001
n 59 26
Mean + 50, mm/h 104+ 278 68 + 265
Median (rangs), mm/h 112 (4-140) 0151400
CRP level at presentation 0a0002
n 40 20
Mean = 50, mg/dL 23.1 =181 58 BT
Median {range), mg/dL 20(0.7-79.4) 5701.1-353)
Maxirmur CRF level < Q000001
n 53 23
Mean = 50, mg/dL 46+ 168 15 £h7
Median (range]. ma/dL 238(08-70.4) 64(1.1-357)
WEBC count at presentation 03
n 59 26

.. . Mean = 50, cells = 108 /mm? 151 £ &4 116 £ 64
Bocchini CE et al. 2006 Pediatr Median .jrangLe] | 138(407-3982) 9.5(5.25-32.27)

. AN at presentation 002
Series from Baylor, Tx &
) Mean + 50, cells > 103 /mm? 121 =64 75+ 490
Medizn framasl LoQ e e 37 43 Col1 a3 7213
Blood culture positive far 5 gureus isolates, n/N (%) 39/58 (67.2) 5/26(19.2) 0001
Sumounding myositis/pyemyositis on MEI, /N (%) 28/45(62.2) &9 (31.6) 05

Subperiosteal/intracsseal abscess on MBI, /N (%) 3445 (75 .6) 919 (47.4) 4




Clinical disease: pvl+ CA-MRSA

 More inflammation by CRP, ESR
 More likely to be in the PICU
 More likely to have + blood cult

 More likely to have surrounding
pyomyositis

 Trend toward more abscess
formation (p=0.06)



Empiric Therapy of Osteomyelitis

Venous Throm
Osteomyelitis In

Blanca E. Gonzalez, MD®*, Jun Teruya, MD, DSc®®<, Donald H. Mahoney, Jr, MD?®<, Kristina G. Hulten, PhD?<, Rachael Edwards, BS"
Linda B. Lamberth®<, Wendy A. Hammerman, RN*<, Edward O. Mason, Jr, PhD?*<, Sheldon L Kaplan, MDA

;“Texas Children's Hospital, Houston, Texas

Departments of *Pediatrics and PPathology, Baylor College of Medicine, Houston, Texas



FIGURE 1

Magnetic resonance venography and computed tomography of the chest in a patient
with S aureus osteomyelitis and VT. Image shows interruption of flow in the right femoral
vein. This patient had a femoral-popliteal thrombosis and multiple septic emboli shown
on the computed tomography scan. He required the insertion of an inferior vena cava
filter.

Gonzalez B et al. 2006 Pediatr. Thromboembolic Complications of MRSA



Empiric Therapy:
Consider Thromboembolic Complications of
Dlssemlnated CA-MRSA
%ﬁ_m

Rady Children’s Hospital, San Diego, CA



Empiric Therapy for Osteoaraticular Infections

A child presenting with signs and symptoms
of acute bone(or)joint infection

CBC with differential, CRP, ESR, radiography and orthopedics consult,
blood and bone/joint fluid cultures (if available) and nasal swab for NIRSA

.

l Empiric therapy with a(beta-lactam ¥ vancomyein(or clindamycin)

(for better MSSA and Kingella)

Blood/bone/joint Blood/bonefjoint
culture positive culture negative

Definitive therapy Assessment of risk factors for MRSA

based on culture results
r\iEQ/ Pos.

beta-lactam Rat.estof methicillin 250% | Vancomycin (or
i e QI 1Y ossibly clindamyein
(e.g. cefazolin) community isolates of i y yein)

S. aureus’ Oral step-down: clindamycin

Joshi AY et al. PIDJ 2008 Mayo Clinic, MN



The Issue: Staphylococcus aureus

 Other empiric therapy options (allergy):

— Daptomycin is approved for adults for skin/skin
structure infxns and bacteremia-endocarditis, but
Inactivated by lung surfactant, and is
CONTRAINndicated for pneumonia

— Linezolid Is active, ‘static; but bone marrow toxicity
a problem after 14 days of Rx

— Combination therapy?

Liu C et al. Clinical Practice Guidelines By The Infectious Diseases Society of
America for the Treatment of Methicillin-resistant Staphylococcus aureus
Infections in Adults and Children. Clin Infect Dis. 2011 Feb;52(3):285-92.




Summary

Vancomycin for severe infection (disseminated
Infection, hips, spine); or if in a region where
susceptible: clindamycin

Addition of nafcillin/methicillin for severe

infection; likely to be more effective If MSSA Is
the pathogen

Combination therapy Is often used for severe
Infections:

Vancomycin plus clindamycin

Vancomycin plus rifampin

Triple therapy (concerns for antagonism)
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