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Table 1. Characteristics of the patients
Characteristics 1st period 2nd period 3rd period pvalue
n=15 n=26 n=20

Age, year 75 (66-80) 77 (73-81) 75 (66-79) 0.469
Sex male 8 (53%) 15 (57.7%) 14 (70%) 0.63
Diabetes 4(26.7%) 7(26.9%) 6 (30%) 1
Hemodialysis 0(0%) 2(7.7%) 1(5%) 0.783
Malignancy 1(6.7%) 5(19.2%) 8 (40%) 0.075
Immunosuppression 1(6.7%) 3 (11.5%) 1 (5%) 0.844
Infective endocarditis 0(0%) 2(7.7%) 0(0%) 0.406
Prior antimicrobial administration cases 2 (13.3%) 8(30.8%) 10 (50%) 0.068
Implant related infection 0(0%) 1 (3.8%) 0 (0%) 1
Diagnosis

Vertebral osteomyelitis 14 (93.3%) 24 (92.3%) 17 (85%) 0.75

Pyogenic spondylodiscitis 0(0%) 1(3.8%) 0 (0%) 1

Pyogenic facet joint infection 1(6.7%) 1 (3.8%) 3 (15%) 0.428
Type of vertebral site

Cervical vertebrae 1(6.7%) 2 (7.7%) 1(5%) 1

Thoroacic vertebrae 4(26.7%) 6(23.1%) 4(20%) 0.928

Lumbar vertebrae 11 (73.3%) 21 (80.8%) 15 (75%) 0.796
Type of abscess

Paravertebral abscess 1(6.7%) 2 (7.7%) 2 (10%) 0.836

Epidural abscess 6 (40%) 8(30.8%) 8 (40%) 1

Psoas abscess 6 (40%) 10 (38.5%) 6(30%) 0.789

Total abscess 10 (66.7%) 15 (57.7%) 11 (55%) 0.928
Dranage

Paravertebral abscess 1 (100%) 2 (100%) 1 (50%) 1

Epidural abscess 2 (33.3%) 2 (25%) 6 (75%) 1

Psoas abscess 4 (66.7%) 6 (60%) 4 (66.7%) 0.165

Total abscess 7 (53.8%) 10 (50%) 11 (68.8%) 0.82

Data are represent the median values (IQR): number (%)
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Table 2. Number of culture submissions, detected pathogen and echocardiography implementation rate

p-value p-value p-value
1st period 2nd period  3rd period pvalue 1st period 2nd period 1st period
n=15 n=26 n=20 vs 2nd vs 3rd vs 3rd
period period period
Culture count, patient
Blood 8(53.3%)  21(80.8%)  20(100%)  <0.01 04 <0.017  <0.017
Pus, Puncture fluid 6 (40%) 9(34.6%)  10(50%) 0.035 0.247 1 0.065
Intervertebral disk, Bone 6 (40%) 9 (34.6%) 9 (45%) 0.697
Urine 0(0%) 11(423%)  11(55%) <0.01 <0.017 1 <0.017
Sputum 1(6.7%) 1(3.8%) 1(5%) 0.698
Other 2 (13.3%) 5 (19.2%) 8 (40%) 0.154
Culture count, per capita
Blood 1.6+2.44 2.42+2.32 39+1.61 <0.01 0.324 <0.01 <0.01
Pus, Puncture fluid 0.53+0.81 0.54+0.80 1.55+2.18 0.403
Intervertebral disk, Bone 0.47 £ 0.62 0.46 = 0.69 0.70+0.95 0.403
Urine 0 0.42+0.49 0.55+0.50 <0.01 <0.05 1 <0.01
Sputum 0.07 £0.25 0.04+0.19 0.10 £0.44 0.924
Other 0.13+0.34 0.27 £0.59 0.95+1.36 0.065
Total 2.8+2.73 4.15+2.92 7.75*4.16 <0.01 0.173 <0.01 <0.01
Pathogens
Staphylococcus aureus (MSSA) 7 (46.7%) 5(19.2%) 6 (30%) 0.167
Staphylococcus aureus (MRSA) 1(6.7%) 3(11.5%) 1(5%) 0.844
Coagulase-negative-Staphylococcus 0(0%) 0(0%) 1(5%) 0.574
Streptococcus spp 0(0%) 4 (15.4%) 1(5%) 0.291
Enterococcus spp 0(0%) 0(0%) 2 (10%) 0.161
Other Gram-positive bacteria 1(6.7%) 0(0%) 1(5%) 0.325
Escherichia coli 1(6.7%) 1(3.8%) 1(5%) 1
Enterobacterial spp 0(0%) 3(11.5%) 3(15%) 0.415
Anaerobes 1(6.7%) 1(3.8%) 2 (10%) 0.813
Unknown 4(26.7%) 9 (34.6%) 4(20%) 0.543
Echocardiography 5(33.3%) 13 (50%) 17 (85%) <0.01 1 0.082 <0.017
Data are number (%), mean = SD
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Fig. 1. Causative pathogen identification rate and the rate of

prior antimicrobial administration. The bar graphs for

each group show the identification rate of the causative

pathogen (gray bar) and the rate of prior antimicrobial

administration cases (black bar).
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Table 3. Mortality, recurrence rate, duration of hospitalization, and antibiotic agents used

p-value p-value p-value
1st period 2nd period  3rd period ls,t Zn.d ls_t
n=15 =9 n=20 p-value period period period
vs2nd vs3rd  vs3rd
period period period
Death 1(6.7%) 1(3.8%) 1(5%) 1
Recurrence 0 (0%) 0(0%) 0(0%)
Length of stay, day 37 (26-49) 50(36-69)  41(35-62)  0.335
Intravenous antibiotics, day
Penicillins 21 (18-27) 43 (33-45) 0.297
f-lactamase inhibitor combined with penicillin - 11 (7-20) 21 (20-31) 0.409
1st-generation cephalosporins 13 (7-42) 28 (7-30) 18 (13-26) 0.899
2nd-generation cephalosporins 12 (11-13) 28 - 0.18
3rd-generation cephalosporins 10 (5-15) 28 (19-34) 7 (5-8) <0.05 0396 <0.05 0.889
4th-generation cephalosporins - - 12 -
Carbapenems 8.5 (6-16) 4(3-13) 9(5-21) 0.679
Anti-MRSA drugs 5(5-18) 7(5-16) 8 (6-26) 0.658
Aminoglycosides 2 8 14 (14-21) 0.182
Fluoroquinolones 2 26 (16-41) 0.18
Monobactams - 3 -
Lincomycins 45 8(7-13) 0.18
Tetracyclines 27 28 - 0.317
Oral antibiotics, day
Penicillins - 26 (16-41) -
f-lactamase inhibitor combined with penicillin 39 (33-58) 40 (35-44) 0.794
1st-generation cephalosporins 153 (142-163) 39 (38-53) 28 (22-30) <0.05 0.193 0.165 0.11
3rd-generation cephalosporins 98 (75-104) - - -
Fluoroquinolones 71 (47-82) 65(18-118)  33(22-53) 0.336
Lincomycins - 7 56 0.317
Tetracyclines 71 (47-82) 51 (33-67) 0.704
Fosfomycin 14 20 - 0.317
Rifampicin 6 65(35-87)  40(27-56)  0.159
Sulfamethoxazole/trimethoprim 55 29 (21-117)  31(22-62) 0.941

Data are represent the median values (IQR): number (%)
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Fig. 2. Duration of treatment
A: Duration of intravenous antimicrobial administration
B: Duration of oral antimicrobial administration
C: Total duration of treatment
Steel-Dwass test  *p<<0.05, **p<<0.01
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Fig. 3. Correlation between the length of intravenous antimicrobial administration and hospital stay (days). The duration of
intravenous antimicrobial therapy (days) is plotted on the vertical axis, and the length of stay (days) is plotted on the hori-

zontal axis.
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Effects of pharmacist-led antimicrobial stewardship on the outcomes
of vertebral osteomyelitis
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We launched an antimicrobial stewardship (AS) program led by a Board Certified Pharmacist in Infec-
tion Control in 2016, in the absence of an infectious disease physician at our hospital. Since 2020, the an-
timicrobial stewardship team (AST) has held conferences for infectious diseases with the doctors of the
orthopedics department. At these conferences, the AST provides suggestions for the appropriate antimi-
crobial regimens, appropriate duration of antimicrobial treatment, and monitoring of adverse drug reac-
tions until treatment is completed. While previous reports have revealed the effectiveness of pharmacist-
led AS interventions as being effective for patients with positive blood cultures and for controlling the re-
sistance rate, there are no reports as yet about the effect of department-specific conferences on such out-
comes. The purpose of this study was to assess the effectiveness of pharmacist-led AS intervention for pa-
tients with vertebral osteomyelitis. The subjects were patients with vertebral osteomyelitis, pyogenic
spondylodiscitis, and pyogenic facet joint infection who were treated at our orthopedics department be-
tween 2012 to 2022, and the following three periods were compared: Ist period, before the AS program
was launched, 2nd period, in which the AS intervention was based only on chart rounds, and the 3rd pe-
riod, in which infection conferences were held. The evaluation criteria were the number of culture speci-
mens, identification rate of pathogens, echocardiography implementation rate, mortality rate, recurrence
rate, length of stay, duration of treatment, and the antimicrobials used. A blood culture submission rate of
100% was achieved during the 3rd period, and the number of cultures submitted per patient increased
from the 2nd period. The duration of treatment decreased after the start of AS and by half in the 3rd pe-
riod.
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