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Background: Despite the high burden of osteoarticular infections in sub-Saharan Africa,
there is a paucity of data regarding the osteoarticular infections management approach and
clinical outcomes in the region. Hence, this study aimed to evaluate a management protocol,
clinical outcomes, and its determinants among pediatric patients with osteoarticular
infections.

Methods: A pediatric patient admitted to Jimma University Medical Center (JUMC),
Ethiopia, with a diagnosis of osteoarticular infections was enrolled prospectively from
April 30 to October 30, 2019. Clinical characteristics, management modality, and in-
hospital complications were recorded from admission to discharge. Data were analyzed by
using SPSS v.23 and the p-value <0.05 was considered statistically significant.

Results: Among a total of 150 pediatric patients enrolled in this study, osteomyelitis was
diagnosed in 111 (74%), while the rest 39 (26%) had septic arthritis. The majority 105 (70%)
of the study participants were male with a mean age of 8.79 + 4.2 years. The culture was
performed for only 3.6% of the patients. Almost all (98.7%) of the patients received
intravenous (IV) antibiotics, and ceftriaxone was the most common IV antibiotic used as
a monotherapy 66 (44.6%) or in combination with metronidazole 47 (31.8%) or gentamicin
(12.8%). Almost half (45.3%) of the patients had poor treatment outcomes. Factors asso-
ciated with poor treatment outcome were comorbidity [AOR=3.3, 95% CI (1.08-10.16)] and
use of combination antibiotics [AOR=2.9, 95% CI (1.16-7.3)]. Rural residence [AOR=0.39,
95% CI (0.168-0.92)] and surgical interventions [AOR=0.29, 95% CI (0.006—0.144)] were
associated with good treatment outcomes.

Conclusion: Almost half of pediatric patients with osteoarticular infections had poor
treatment outcome. Health providers should increase the accessibility of microbiological
tests and diagnostic imaging, which can guide treatment decisions and improve outcomes of
patients with osteoarticular infections.

Keywords: management, infections, osteomyelitis, septic arthritis, children, sub-Saharan
Africa

Introduction

Osteoarticular infections are clinically manifest as osteomyelitis, Septic arthritis,
and both combined.' Osteomyelitis is defined as the presence of clinical features
(tenderness, pain, swelling, redness restriction of movement) and had at least one or

more of the following: fever higher than 37.5 °C, leukocytosis [white cell count
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(WCCQ)] >13,000/mL, raised erythrocyte sedimentation
rate (ESR) > 20 mm or a positive blood culture, while
septic arthritis is defined as all clinical features of lab
results similar to osteomyelitis but mostly restricted to
the joints.”

Annually, approximately 7.3 million children die glob-
ally, and out of these 50% of children’s deaths occur in just
five countries — Nigeria, Democratic Republic Congo,
Ethiopia, Tanzania, and Uganda. The common cause of
death for these children is an infection, of which osteoar-
ticular infection is one.® It is estimated that 0.1-30% of
pediatric populations are affected by osteoarticular infec-
tions worldwide and the estimated cost for treatment of
these infections is $17,000 to $150,000 per patient.*

Even though the incidence of these infections has
declined in Europe starting in the late 1970, still it is
among the leading reasons why patients visit healthcare
facility, take time off work, become disabled, and
a common cause of severe long-term pain in developing
countries.*> In low and middle-income countries (LMIC),
osteoarticular infections are still a common cause of
suffering.® A study from Nigeria reported that the majority
(83%) of osteoarticular infections cases occurred among
under-5 children, and they suffer from significant compli-
cations secondary to these infections.”* Similarly, other
studies from South Africa and Malawi showed that about
66% of the patients with osteoarticular infections develop
poor treatment outcomes and 6.7% of a total procedure
done annually was due to unsuccessful management of
these infections.”'®

Despite the increasing burden of osteoarticular infec-
tion in sub-Saharan African countries including Ethiopia,
limited studies are available regarding the burden of the
disease, management, and clinical outcomes from the
region.'" Therefore, the present study aimed to assess,
management approach, in-hospital clinical outcomes, and
its determinants among pediatrics admitted to JUMC,
Ethiopia.

Methods and Materials
Study Design and Clinical Setting

A prospective observational study was conducted at
Jimma University Medical Center (JUMC) in Ethiopia.
JUMC serves as a referral center for the southwestern
part of the country (over 15 million catchment population).
It is located 352 kilometers from the capital city Addis
Ababa. The hospital has a general pediatric ward, pediatric

intensive care unit (ICU), and pediatric surgical ward on
top of other specialty services for adults. The orthopedic
surgical ward has 6 rooms with 36 beds. This study was
conducted from April 30-October 30, 2019.

Study Population

All consecutive pediatric patients admitted to JUMC with
a diagnosis of osteoarticular infections were included
regardless of the duration of the disease. Pediatric patients
(age < 15 years) diagnosed with osteoarticular infections
clinically or with objective findings (culture and imaging)
were included based on the willingness of the guardians.
In the present study, osteomyelitis was indicated by the
presence of clinical features, such as tenderness, pain,
swelling, redness, and restriction of movements; with at
least one or more of the following: fever higher than 37.5
°C, leukocytosis >13,000/mL, raised erythroid sedimenta-
tion rate (ESR) > 20 mm or a positive blood culture. Septic
arthritis was considered in patients who presented with one
or more of the above features that were restricted to the
joints areas.” Patients whose initial diagnosis changed to
other medical conditions and patients whose their guardian
declined consent was excluded.

Data Collection

The data collection tool was developed by reviewing prior
literature conducted at a different settings. The data collec-
tion tool contains sociodemographic characteristics, clin-
ical characteristics (including laboratory test and key
diagnostics investigations), in-hospital management (med-
ications and surgical interventions), and in-hospital out-
comes (complications, length of hospital stay, and
discharge clinical status). A pre-test was conducted on
5% of the study population before commencing data col-
lection and appropriate modifications were made to the
data collection tool. Three healthcare professionals (one
B. Pharm, one BSc nurse, and one medical intern) working
at the pediatric ward of JUMC collected the data after
receiving two days of training on study purpose and data
collection tool. Data collectors abstracted clinical data
from active patient’s medical records and interviewed the

guardians when necessary.

Study Outcomes and Validating Tools

The primary outcome of the present study was in-hospital
treatment outcomes, which were assessed by following the
patient’s clinical signs and symptoms and occurrence of
complications until discharge. In-hospital complications
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were confirmed by the treating physician-based clinical
findings and objective findings, such as culture, ultra-
sound, and X-ray imaging. Treating physicians’ discharge
summary notes were reviewed in addition to following
patients on a daily basis from admission to discharge.

Operational Definition and Definitions of

Terms

1. Good treatment outcome was considered in pedia-
tric patients discharged with improved signs and
symptoms without in-hospital complications or sig-
nificant disability.

2. Poor treatment outcome was indicated by the occur-
rence of significant in-hospital complications (such
as deep vein thrombosis, amputation, systemic
infection, pathologic dislocations, bone abscess,
etc.) with lack of clinical improvement or consid-
ered in patients discharged against medical advice
or dead in-hospital.

3. Co-morbid conditions were considered in patients
presented with chronic illness on top of osteoarti-
cular infections.

4. We used the following laboratory cut points in the
present study: Hyperthermia: temperature higher
than 37.5 °C;'? Leukocytosis: [white blood cell
counts (WBC)] >13,000/mL;'? Leucopenia: WBC
less than <5000 cell/mm:>'? Low red blood cell
(RBC) count: RBC count <3500x 10° cell/mm;>"?
Thrombocytopenia: platelet count less than 150x 10°
cell/mm;>'* Thrombocytosis: platelet count greater
than 450x10° cell/mm;>'* High erythrocyte sedi-
mentation rate (ESR) >20 mm."?

Ethical Approval and Assent to

Participate

The study protocol was approved by the Institutional
Review Board (IRB) of Jimma University, Institute of
Health with a reference number of IHRPGD/567/19.
Permission was obtained from the responsible bodies of
the hospital before interviewing the patients’ guardians and
extracting data from patients’ case records. In addition,
written and verbal informed consent was obtained from all
study guardians before commencing data collection.

Statistical Analysis
The collected data were checked for completeness, clarity,
and accuracy and entered into Epidata version 4.4.1.

Statistical package for social science (SPSS) version 23
(IBM, Armonk, NY, USA) was used for data analysis.
Categorical variables were reported by frequency and per-
centage (%) and continuous variables were summarized
with mean + standard deviation. A multivariate logistic
regression model was used to identify independent predic-
tors of poor treatment outcomes. Variables with p-value <
0.25 on univariate analysis were considered as a candidate
for multivariate logistic regression. Variables with p-value
< 0.05 was considered statistically significant.

Results

Among a total of 150 pediatric patients enrolled in this
study, osteomyelitis was diagnosed in 111 (74%), while
the rest 39 (26%) had septic arthritis.

Sociodemographic Characteristic

The majority 105 (70%) of the study participants were
male with a mean age of 8.79 £ 4.2 years. About two-
thirds, 114 (76%) of the patients’ families had no formal
education and the majority 107 (71.3%) of the patients
were from rural areas. Twenty-five (16.7%) patients had
comorbid conditions (Table 1).

Laboratory Parameters

Complete blood count test was done for 121 (80.7%)
patients on admission. Among those patients who had
CBC results, 47 (38.2%) patients had leukocytosis (raised
white blood cell count >13,000/mL). Erythrocyte sedimen-
tation rate was done for 100 (66.6%) patients on admission
90 (60%) raised ESR (>20 mm). Ultrasound imaging was
done for 65 (43.3%) patients, while culture test was per-
formed for only five patients (Table 2).

Management of Osteoarticular Infections
Medical Management of Osteoarticular Infections

Almost all patients 148 (98.6%) received intravenous anti-
biotics on admission. Ceftriaxone was the most common
antibiotic used as a monotherapy 66 (44.6%) or in combi-
nation with metronidazole 47 (31.8%) or gentamicin
(12.8%). Regarding the duration of IV antibiotics, most
patients received for less than 1 month (39% for <2 weeks
and 30% received for 3—4 weeks). Only 11 patients
received IV antibiotics for a prolonged duration (>2
months). De-escalation of oral antibiotics was provided
for about 16% of the patients and the most common oral
antibiotic used was Ciprofloxacin 14 (9.3%). Anti-pain
medications were given for 86 (57.3%) of the patients,
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Table | Socio-Demographic of Pediatrics Patients with OAI Admitted to JUMC, Ethiopia

Variables, n (%) Category Osteomyelitis (n=111) Septic Arthritis (n=39) All Patients (n=150)
Sex Male 75(67.6) 30(76.9) 105(70)
Female 36(324) 9(23.1) 45(30)
Residence Rural 79(71.2) 28(71.8) 107(71.3)
Urban 32(28.8) 11(28.2) 43(28.7)
Age category (in years) | 04 23(20.7) 9(23.1) 32(21.3)
5-9 34(30.6) 13(33.3) 47(31.4)
10-15 54(48.6) 17(43.6) 71(47.3)
Family education Cannot read and write 86(77.5) 28(71.8) 114(76)
Primary school 18(16.2) 7(17.2) 25(16.7)
Secondary school 4(3.6) 2(5.1) 6(4.0)
Collage and above 3(2.7) 2(5.1) 5(3.4)
Family occupation Farmer 46(41.4) 18(46.2) 64(42.7)
Private employee 42(37.8) 13(33.3) 55(36.7)
Gov’'t employee 9(8.1) - 9(6.0)
Daily labor 14(12.6) 8(20.5) 22(14.7)
Comorbidity Yes 18(16.2) 7(17.9) 25(16.7)
No 93(83.8) 32(82.1) 125(83.3)
Type of comorbid SAM 10(55.6) 5(71.4) 15(10)
HIvV 4(22.2) - 4(2.6)
DM 3(16.7) - 3(2.0)
Cardiac 1(5.6) 2(26.8) 3(2.0)

Abbreviations: SAM, severe acute malnutrition; DM, diabetes mellitus; HIV, human immune virus.

Table 2 Laboratory and Diagnostic Findings Among Pediatric Patients with OAl Admitted to JUMC

Variables, n (%) Category Osteomyelitis (n=111) Septic Arthritis (n=39) All Patients (n=150)
WBC (n=121) Leukocytosis 34(38.2) 13(40.6) 47(31.3)
Normal 55(61.8) 19(59.4) 74(49.3)
Neutrophils High 21(23.6) 10(31.3) 31(20.7)
Normal 63(70.8) 17(53.1) 80(53.3)
Low 5(5.6) 5(15.6) 10(6.7)
Hemoglobin (n=121 Normal 85(95.5) 29(90.6) 114(76.0)
Low 4(4.5) 3(94) 7(4.7)
Platelets (n=121) Thrombocytosis I(1.1) 2(6.3) 3(2.0)
Normal 83(93.3) 26(81.3) 109(72.6)
Thrombocytopenia 5(5.6) 4(12.5) 9(6.0)
ESR (n=100) High 64(90.1) 26(92.9) 90(60.0)
Normal 7(9.9) 3(7.1) 10(6.7)
Ultra Sound(=65) Yes 53(47.7) 12(30.8) 65(43.3)
No 58(52.3) 27(69.2) 85(56.7)
Culture(=5) Yes 4(3.6) 1(2.6) 5@3.3)
No 107(96.4) 38(97.4) 145(96.7)

Abbreviations: ESR, erythrocyte sedimentation rate; WBC, white blood cells.
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Table 3 Management of Osteoarticular Infections Among Pediatrics Patients Admitted to JUMC

Management, n (%) Osteomyelitis (111) Septic Arthritis (39) All Patients (150)
Antibiotics (IV)
Ceftriaxone IV only 52(47.7) 14(35.9) 66(44.6)
Ceftriaxone IV + Metronidazole IV 33(30.3) 14(35.9) 47(31.8)
Ceftriaxone IV + Gentamycin [V 13(11.9) 6(15.4) 19(12.8)
Cloxacillin IV + Chloramphenicol IV 11 (10.1) 5(12.8) 16(10.8)
Duration of IV antibiotics
< 2 weeks 48(43.2) 11(28.2) 59 (39.3)
2—4 weeks 33(30.3) 12(30.8) 45(30.4)
4-8 weeks 21(19.0) 12(30.8) 33(22.0)
> 8 weeks 7(6.4) 4(10.3) 11(7.4)
IV to Po shift
Within the first 2 weeks 1(0.9) 1(2.5) 2(1.4)
Within 2—4weeks 8(7.2) 3(7.6) 11(7.4)
After a month 7(6.3) 3(7.6) 11(6.7)
Po antibiotics
Ciprofloxacin 9(8.1) 5(12.8) 14(9.4)
Amox-clavulanic acid 4(3.6) 2(5.1) 7(4)
Cephalexin 3(2.7) - 3(2)
Ant-pain medications
Tramadol 22(19.8) 8(20.5) 30(46.9)
Morphine 12(10.8) 15(38.5) 27(42.2)
Diclofenac 3(27) 2(5.1) 5(7.8)
Acetaminophen 2(1.8) - 2(1.3)

Abbreviations: |V, intravenous; PO, per oral.

and Tramadol was prescribed for the majority 30 (46.9%)
of the patients (Table 3).

Surgical Management

In addition to antibiotic therapy, the majority of patients,
117 (78%), were received a different surgical intervention.
Sequestrectomy was performed for 27 (18%) patients;
while surgical debridement and drainage were done for
18 (12%) of the patients. Eight (5.3%) patients were
amputated secondary to the infections (Figure 1).

Incidence of in Hospital Complications
Sixty-eight (45.4%) patients developed at least one com-
plication during their hospital stay. The most common
complications detected were bone necrosis in (9.3%),
deep vein thrombosis in (7.3%), and amputation of the
affected site in (7.3%) patients (Figure 2).

Predictors of Treatment Outcomes
Of the 150 patients treated for osteoarticular infections, 65

(43.3) patients had poor treatment outcomes. In

multivariable logistic regression analysis, patients who
had comorbid medical conditions had about a three-fold
increase in poor treatment outcome compared to those who
had no comorbid condition (AOR=3.3, 95% CI: 1.08—
10.16). Similarly, patients who took a combination of
antibiotics (ceftriaxone + metronidazole) were three
times more likely to have poor treatment outcomes com-
pared to those who received ceftriaxone monotherapy
(AOR=2.9, 95% CI: 1.16-7.3). On the other hand, patients
from a rural area (AOR=0.39, 95% CI: 0.168-0.92) and
those who received the surgical intervention (AOR=0.29,
95% CI: 0.006-0.144) had a good prognosis compared to
those from an urban area and those who did not receive the
surgical intervention (Table 4).

Discussion

In this prospective observational study, we evaluated
osteoarticular infections management, in-hospital com-
plications and predictors of poor treatment outcomes
among pediatric patients. Majority (74%) of pediatric
patients with osteoarticular infections were presented
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Figure | Type of surgical interventions done for pediatric patients with osteoarticular infections admitted to JUMC, Ethiopia.

with osteomyelitis and about 70% of the study partici-
pants were male. The most commonly used antibiotics
were ceftriaxone monotherapy, and a combination of
ceftriaxone with metronidazole or gentamicin. Almost
half (45%) of the patients had poor treatment outcomes.
Bone necrosis, deep vein thrombosis, and amputations
were the three common in-hospital complications
recorded among pediatric patients with osteoarticular

infections.

9.30%

10.00%
9.00%
8.00%
7.00%
6.00%
5.00%
4.00%
3.00%
2.00%
1.00%
0.00%

7.30% 7.30%

In this study, about 45% of pediatric patients treated for
osteoarticular infections had poor treatment outcomes.
This result was comparable with the study conducted by
Petruhina et al, which reported that 47% of patients with
osteoarticular infections had poor treatment outcomes.'
On the other hand, studies conducted by Haeffs, et al,
Arias, et al, Kuiper, et al, and Street et al were reported
to have a low number of poor treatment outcomes (16.7%,
11.1%, 31%, and 14.3%, respectively) compared to the

6.60%

¢
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Figure 2 In-hospital complications of osteoarticular infections among pediatric patients admitted to JUMC, Ethiopia.
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Table 4 Predictors of Poor Treatment Outcome Among Pediatrics Patients with Osteoarticular Infections Admitted to JUMC

Variables Category Treatment Outcomes Univariate Analysis Multivariate Analysis
Good (85) | Poor (65) COR (95% CI) P-value AOR (95% CI) P-value

Sex Male 52(63.4) 53(77.9) 0.49(0.24-0.97) 0.05
Female 30(36.6) 15(22.1) |

Residence Rural 53(64.6) 54(79.4) 0.474(0.226-0.995) 0.048* 0.39(0.17-0.92) 0.031*
Urban 29(35.4) 14(20.6) |

IV-antibiotics Ceftriaxone 40(50) 26(38.2) |
Cloxacillin+ CAF 8(10) 8(11.8) 1.5(0.51-4.6) 0.442 3.8(0.78-18.9) 0.097
Ceftriaxone+ 12(15) 7(10.3) 0.89(0.31-2.56) 0.841 0.6(0.19-1.88) 0.384
Gentamycin
Ceftriaxone+ 20(25) 27(39.1) 2.1(0.97-4.44) 0.06 2.9(1.16-7.3) 0.022*
metronidazole

Co-morbid Yes 9(Il) 16(23.5) 2.5(1.02-6.08) 0.044* 3.3(1.08-10.16) 0.036*

conditions No 73(89) 52(76.5) |

Surgery Yes 51(62.2) 66(97.1) 0.05(0.011-0.218) 0.000%* 0.29(0.006-0.144) 0.000%*
No 31(37.8) 2(2.9) |

Note: *Statistically significant association.
Abbreviation: CAF, chloramphenicol.

present study.®'®'® This discrepancy in treatment out-
comes might be due to geographical difference, duration
of follow-up, the difference in management modality, and
outcome assessment. Meanwhile, other studies from sub-
Saharan Africa by Ebong et al and El Bushra were
reported a higher prevalence of poor treatment outcomes
(55-57%) compared to the present ﬁndings.m’20

All patients with poor treatment outcomes were developed
at least one in-hospital complication. The in-hospital compli-
cations encountered among these patients were bone necrosis
(9.3%), deep vein thrombosis (7.3%), amputation (7.3%), bone
abscess (6.7%), systemic infections (6%), relapsed case (6%)
and pathologic dislocation (2.6%) patients. Similar complica-
tions were reported in studies conducted in New Zealand and
Sudan.'®'® Contrary to these findings, data from Cambodia,
Latvia, and the USA reported decreased movement, residual
pain, death, synovitis, and pneumonia as common complica-
tions of osteoarticular infections.™'>*' This difference in com-
plications was most likely due to differences in study design,
diagnostic methods (culture, CT-scan), and duration of follow-
up.

In the present study, factors associated with poor treat-
ment outcomes were the use of combination antibiotics (cef-
triaxone with metronidazole vs ceftriaxone monotherapy)
and the presence of comorbidity. Patients treated with cef-
triaxone and metronidazole had a three-fold increase in the
risk of in-hospital complications compared to those treated

with ceftriaxone monotherapy. This finding was supported
by prior studies done by Omoke et al, and Park et al.”*
However, studies conducted by Arias et al and Chiappini et al
showed that patients treated with combination antibiotics had
a good prognosis.'®** The poor treatment outcome in
patients who received combination antibiotics compared to
single antibiotics might be due to a lack of microbiological
tests and other diagnostic imaging, which would have helped
the treatment decisions. In addition, other unmeasured con-
founders, such as disease severity, risk factors, multi-
microbial and resistance pathogens, might contribute to the
poor outcome observed among patients received combina-
tion antibiotics. Pediatric patients with comorbid medical
conditions had poor treatment outcomes compared to those
presented only with osteoarticular infections. This result is
also reported by several studies.' >+

Factors associated with a good treatment outcome were
surgical interventions and rural residency. Surgical interven-
tions decreased the risk of complications and poor treatment
outcomes by around 70%. Many studies have also reported
significant associations between surgical interventions and
good treatment outcomes.' **2® However, studies conducted
by Haeffs et al and Li et al did not observe statistical sig-
nificant between surgical management and treatment
outcomes.®?’ Patients from the rural areas had a good treat-
ment outcome compared to those who came from the urban
areas. This might be due to the fact that patients from the
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urban areas had more comorbid conditions (diabetes and
HIV/AIDS) compared to those from the rural areas and
more patients from the rural areas received surgical interven-
tions compared to those from the urban areas. In addition,
patients from urban area had prolonged hospital stay com-
pared to those from rural area. On top of these differences,
other unmeasured confounders, such as difference in the
causative pathogen, resistance pattern and antibiotics expo-
sure between rural and urban residents, might contribute to
the observed difference in outcomes.

This study prospectively illustrated clinical characteristics,
management, and treatment outcomes of osteoarticular infec-
tions. However, this study has several limitations. First, this
study was conducted on a small sample population due to
resource constraints. Second, important objective findings,
such as culture test, sensitivity analysis, c-reactive proteins,
other inflammation markers, and diagnostic imaging, were not
routinely performed in the present setting. As a result, it is
challenging to judge the appropriateness of antibiotic treat-
ment. Third, both acute and chronic osteoarticular infections
were treated almost similarly due to a lack of detailed assess-
ment of symptom onset and pathogenesis. Fourth, only in-
hospital and short-term relapse was assessed in the present
study due to resource constraint, lack of regular follow-up at
the same hospital, and lack of technological access in the rural
areas to at least follow-up them on phone. Lastly, other impor-
tant outcomes, such as economic cost, quality of life, and
quality of care, were not measured.

Conclusion

The majority of pediatric patients with osteoarticular infections
were presented with osteomyelitis. Almost half of the pediatric
patients admitted with osteoarticular infections had poor treat-
ment outcomes. We recommend that health providers should
increase the accessibility of microbiological tests and diagnos-
tic imaging, which can guide treatment decisions and improve
outcomes of patients with osteoarticular infections. In addition,
a large registry should be conducted to assess the appropriate-
ness of osteoarticular infection treatment based on local micro-
bial sensitivity patterns.
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AOR, adjusted odds ratio; CBC, complete blood count; CI,
confidence interval; COR, crude odds ratio; C-RP, C-reactive
protein; ESR, erythrocyte sedimentation rate; IV, intra
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osteoarticular; OM, osteomyelitis; PO, per oral; SA, septic
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