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Abstract
Introduction: Sickle cell disease (SCD) is an autosomal recessive genetic disorder characterized by the
presence of a mutated form of hemoglobin (Hb) known as sickle hemoglobin (HbS). Individuals with SCD are
susceptible to a variety of osteoarticular complications. Osteomyelitis is a commonly seen infection
affecting the tibia, diaphysis of the femur and humerus, and vertebras.

Aim: The aim of this study was to define the indicators suggesting the diagnosis of osteomyelitis in patients
with SCD.

Methods: This study is a descriptive, analytical, non-interventional, prospective study of pediatric patients
with SCD admitted with vaso-occlusive crisis (VOC) and/or osteomyelitis, which were identified by
laboratory and radiological features. Retrospective data was included for patients who met the inclusion
criteria. The statistical analysis included a description of the primary and secondary outcomes in the cohort.

Results: A total of 28 children were included in this study. Participants' ages ranged from 11 months to 13
years. Males represented the majority (64.3%) of the participants. The blood culture of most of the
participants (89.3%) showed no growth; however, 7.1% had salmonella, and only 3.6% had Gram-positive
cocci. Most cases (75%) had leukocytosis. Thrombocytosis was present mainly in patients with VOC
(40%). CRP was 1-4.9 mg/dL, mainly in patients with osteomyelitis (50%). The ferritin level exceeded 5000
ng/mL in patients with osteomyelitis or both osteomyelitis and VOC (50%). Ultrasound examinations
revealed no hip effusion in 24 of the 28 examined patients. A plain X-ray examination showed no
abnormality in 24 out of the 28 examined cases; with MRI, three cases exhibited marrow edema with bone
enhancement, two (66.7%) were complicated by osteomyelitis, and the last (33.3%) had osteomyelitis and
VOC. Aspiration was performed only in seven of the 28 examined, of which six (85.7%) were complicated by
osteomyelitis, while the last one (14.3%) had acute chest syndrome.

Conclusion: Based on the outcomes of this study, we recommend an individualized multidisciplinary
examination (hematology, infectious disease, orthopedic surgery, and interventional radiology) for SCD
patients with suspected osteomyelitis admitted with VOC, considering the entire clinical history and
laboratory and MRI results.

Categories: Pediatrics, Pediatric Surgery, Orthopedics
Keywords: osteo-articular infection, scd, sca, osteo-myelitis, voc

Introduction
Sickle cell disease (SCD) is defined as an autosomal recessive hereditary condition characterized by the
presence of sickle hemoglobin (HbS), a mutant type of hemoglobin (Hb). Individuals with SCD are
susceptible to various osteoarticular complications [1-2]. These include dactylitis, vaso-occlusive crisis
(VOC), osteomyelitis, avascular necrosis, and septic arthritis. In addition, due to the combination of
ischemia and impaired immunity, the susceptibility to bacterial infections is high, causing osteomyelitis and
septic arthritis. 

The acute painful crisis that occurs as early as six months of age and often lasts a lifetime is the
predominant clinical hallmark of SCD. VOC is the most frequent reason for emergency department visits and
hospitalizations [3].

Osteomyelitis is a frequent illness that affects the tibia, femoral and humeral diaphysis, and vertebrae. The
gold standard tools to confirm the diagnosis include bone biopsy with histopathological examination and
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tissue culture [4]. Osteomyelitis is highly suspicious in patients with localized tenderness associated with
high inflammatory markers and radiological findings. 

Salmonella is the most prevalent incidental pathogen in patients with SCD, followed by Staphylococcus
aureus, which is found in 10% of patients with osteomyelitis [5]. A literature review by Burnett et al. showed
that Salmonella is the most common cause of osteomyelitis in patients with SCD in developing and
developed countries. This incidence is twice more than that of S aureus. Other bacterial species responsible
for the infection include Enterobacter spp., Hemophilus influenza, and Escherichia coli [6].

Sickle cell anemia (SCA) is a homozygous type of HbS (HbSS) caused by a single-point substitution of
glutamine by valine at the globin chain position [7]. In more than one-fourth of patients, acute pain is the
first sign of the condition [8]. Bone involvement is the most common manifestation of SCA in an acute form,
such as in VOC, osteomyelitis, or chronic progressive, such as in avascular necrosis [9].

A randomized controlled trial done by Berger et al. found significant predictors of osteomyelitis, which is an
early presentation with fever alone without any pain or swelling in the affected limb. As a result, such
individuals should be continuously observed and evaluated to rule out osteomyelitis [10].

A prospective study by Fontalis et al. suggests that for children with SCD presenting with persistent bone
pain, fever, and elevated CRP and CBC, osteomyelitis should be suspected, and prompt antibiotic treatment
should be started [11]. Therefore, this study aimed to define the indicators suggesting the diagnosis of
osteomyelitis in patients with SCD.

Aim of the study
The purpose of this study was to define the indicators that can suggest the diagnosis of osteomyelitis in
patients with SCD and investigate the laboratory and imaging pattern of osteomyelitis.

Materials And Methods
A prospective cohort study that included children with confirmed SCD by Hb electrophoresis was conducted
in King Salman Armed Forces Hospital (KSAFH), a tertiary hospital covering the northwestern region of
Saudi Arabia. Prospective data were included for patients who met the inclusion criteria. This study was
conducted over six months after obtaining the required approval. 

The study’s inclusion criteria were patients with SCD confirmed by Hb electrophoresis, as well as patients
experiencing a vaso-occlusive crisis (VOC) who were highly suspected of having osteomyelitis during their
hospital course. Additionally, children with SCD who presented with localized tenderness, elevated
inflammatory markers, and radiological findings indicative of osteomyelitis, as well as those with confirmed
osteomyelitis through positive bone aspiration culture, were included in the study. Exclusion criteria
included adult patients, defined as those over the age of 14 years, and patients admitted with manifestations
other than VOC.

Data were collected from patients’ files, the hospital information system (HIS), and the picture archiving and
communication system (PACS). IBM SPSS Statistics for Windows, Version 23, (Released 2015; IBM Corp.,
Armonk, New York, United States) was used for the statistical analysis. It included a description of the
primary and secondary outcomes in the cohort. Descriptive statistics were also employed to characterize the
baseline demographic information and clinical features. A p-value of <0.05 was considered statistically
significant.

Ethical consideration
The study was approved by the academic affairs ethical committee at KSAFH, Tabuk, Saudi Arabia, with the
approval number: KSAFH-REC-2021-425. Patient medical files and consent were not obtained, as no
identifying information, including photos or imaging that could reveal their identity, was disclosed.

Results
A total of 28 individuals met the inclusion criteria and were included in the study analysis. Although
participants' ages ranged from 11 months to 13 years, the majority (39.3%) were older than 11 years. Male
participants comprised the majority (64.3%), with females making up 35.7% (Table 1). Most participants'
blood cultures (89.3%, N=25) showed no growth; however, 7.1% (N=two) tested positive for Salmonella, and
3.6% (N=one) had Gram-positive cocci (Table 2). Regarding leukocytic count, only 25% (N=seven) had a
normal count, while 32.1% (N=nine) had 10,000 to 14,900 WBC/mm³, and 7.1% (N=two) exceeded 25,000
WBC/mm³. Furthermore, 60.7% (N=17) of patients presented with a platelet count of 150-450 x 10⁹/L, while
35.7% (N=10) had platelets exceeding 450 x 10⁹/L, and only one patient (3.6%) had a platelet count less than
150 x 10⁹/L. Measuring CRP in the participants showed that most patients (28.6%, N=eight) had ≤0.9 mg/dL,
while 14.3% had 1-9.9 mg/dL, and 10.7% had CRP ≥20 mg/dL. The erythrocyte sedimentation rate (ESR) was
elevated in most cases, being more than 60 mm/hr in 42.9% of cases (N=12). Most patients (50%, N=14)
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presented with ferritin levels of 7-140 ng/mL, while fibrinogen was 401-600 mg/dL in 53% (N=15) of cases.
Albumin levels ranged between 34 g/L and 55 g/L, with the highest frequency (92.9%, N=26) being 41-50 g/L
(Table 2).

N=28 N %

Age (years)

≤ 2            2 7.10%

2- 5 4 14.30%

> 5- 8 3 10.70%

> 8- 11 8 28.60%

> 11 years 11 39.30%

Gender
Male 18 64.30%

Female 10 35.70%

TABLE 1: Demographic data
This table represents the demographic data of the study participants. Data are presented as numbers and their corresponding percentages.

N= 28 N %

Blood culture

No growth 25 89.30%

Gram-positive methicillin-resistant staph epidermidis 1 3.60%

Salmonella 2 7.10%

WBC in thousands/mm3

5 - 9.9 7 25.00%

10-14.9 9 32.10%

15-19.9 8 28.60%

20-24.9 2 7.10%

≥ 25 2 7.10%

Platelet count X 109/L

< 150 1 3.60%

150-450 17 60.70%

> 450 10 35.70%

CRP (mg/dL)

≤ 0.9 8 28.60%

1- 4.9 4 14.30%

5- 9.9 4 14.30%

10- 14.9 6 21.40%

15- 19.9 3 10.70%

≥ 20 3 10.70%

Erythrocyte sedimentation rate (ESR) (mm/hour)

≤ 10 5 17.90%

11- 20 2 7.10%

21- 40 4 14.30%

41- 60 5 17.90%

> 60 12 42.90%

7-140 14 50.00%
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Ferritin (ng/mL)

141- 300 3 10.70%

301- 600 3 10.70%

601- 1000 2 7.10%

1001- 2000 3 10.70%

2001- 5000 1 3.60%

> 5000 2 7.10%

Fibrinogen (mg/dL)

< 200 4 14.30%

200- 400 9 32.10%

401- 600 15 53.60%

Albumin (g/L)

34-40 1 3.60%

41-50 26 92.90%

51-55 1 3.60%

TABLE 2: Blood culture and lab results
This table represents the blood culture and laboratory results of the study participants. Data are presented as numbers and their corresponding
percentages.

Only 25% (N=seven) of the examined cases had a normal WBC count, whereas most cases exhibited
leukocytosis. The count was 10-14.9 thousand WBCs/mm³, primarily in osteomyelitis cases (44%, N=four). It
reached 15-19.9 thousand WBCs/mm³, mainly in patients with osteomyelitis or VOC complications (37.5%,
N=three). A count of 20-24.9 thousand WBCs/mm³ occurred in patients without complications or with
osteomyelitis and VOC (50%, N=one). The count exceeded 25 thousand WBCs/mm³ in patients with
osteomyelitis or VOC complications (50%, N=one). Thrombocytopenia (platelet count <150 x 10⁹/L) was
present in one patient with both osteomyelitis and VOC (100%, N=one). Thrombocytosis (platelet count
>450 x 10⁹/L) was observed mainly in patients with VOC (40%, N=four), osteomyelitis (20%, N=two), and
both osteomyelitis and VOC (10%, N=1). However, it also occurred in patients without complications (30%,
N=three). Lab results showed normal CRP levels (≤0.9 mg/dL) in eight out of 28 patients. CRP levels of 1-4.9
mg/dL were mainly found in patients with osteomyelitis (50%, N=two) and both osteomyelitis and VOC, or
hemolytic crisis (25%, N=one). CRP levels of 5-9.9 mg/dL were seen in patients without complications, with
osteomyelitis, or with VOC (33.3%, N=one). CRP levels of 15-19.9 mg/dL were found in patients with
osteomyelitis, VOC, or both (33.3%, N=one). CRP levels ≥25 mg/dL were observed in patients with
osteomyelitis or VOC (50%, N=1).

Normal ESR levels (≤20 mm/hr) were found in only seven out of 28 examined patients. ESR levels of 21-40
mm/hr were observed in patients with osteomyelitis (25%, N=one), VOC (25%, N=one), and both
osteomyelitis and VOC (50%, N=two). ESR levels of 41-60 mm/hour were seen in patients with
osteomyelitis (60%, N=three) and in those with osteomyelitis or acute chest syndrome (20%, N=one). ESR
levels exceeding 60 mm/hour were present in most examined cases, including patients without
complications (16.7%, N=two), with osteomyelitis (50%, N=six), VOC (8.3%, N=one), and both osteomyelitis
and VOC (25%, N=three).

Ferritin levels were normal (7-140 ng/mL) in most examined cases (14 out of 28 patients). However, levels
exceeded 5000 ng/mL in patients with osteomyelitis or both osteomyelitis and VOC (50%, N=one).

A normal fibrinogen level (200-400 mg/dL) was found in nine out of 28 examined patients. It was observed
in patients without complications or with osteomyelitis (33.3%, N=three), as well as in patients with VOC,
osteomyelitis, and VOC, and patients with a hemolytic crisis (11.1%, N=one). A low fibrinogen level (<200
mg/dL) was found in four cases, including those without complications or with osteomyelitis (25%, N=one)
and patients with VOC (50%, N=two). Most cases exhibited high fibrinogen levels (401-600 mg/dL) in 15 out
of 28 examined cases, with the highest percentage in patients with osteomyelitis (40%, N=six).

Albumin levels in the examined cases were mostly in the high normal range (41-50 g/L) in 26 out of 28 cases
(Table 3). An ultrasound examination revealed no hip effusion in 24 out of 28 examined cases. However,
minimal hip effusion was present in cases without complication, patients with osteomyelitis and VOC, and
patients with acute chest syndrome (33.3%, N=one). Pus collection was observed only in one case with
osteomyelitis (100%, N=one).
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No

complication
Osteomyelitis VOC

VOC +

osteomyelitis

Hemolytic

crisis

Acute chest

syndrome
Total p-value

   N % N % N % N % N % N % N %  

WBC count (thousands /

mm3)

5 - 9.9 0 0.0% 2 28.6% 2 28.6% 2 28.6% 1 14.3% 0 0.0% 7 100.0%

0.583        

 

10-14.9 3 33.3% 4 44.4% 0 0.0% 1 11.1% 0 0.0% 1 11.1% 9 100.0%

15-19.9 1 12.5% 3 37.5% 3 37.5% 0 0.0% 0 0.0% 1 12.5% 8 100.0%

20-24.9 1 50.0% 0 0.0% 0 0.0% 1 50.0% 0 0.0% 0 0.0% 2 100.0%

≥ 25 0 0.0% 1 50.0% 1 50.0% 0 0.0% 0 0.0% 0 0.0% 2 100.0%

Total 5 17.9% 10 35.7% 6 21.4% 4 14.3% 1 3.6% 2 7.1% 28 100.0%

Platelet count (X 10 9/L)

<150 0 0.0% 0 0.0% 0 0.0% 1 100.0% 0 0.0% 0 0.0% 1 100.0%

0.231      

150-450 2 11.8% 8 47.1% 2 11.8% 2 11.8% 1 5.9% 2 11.8% 17 100.0%

>450 3 30.0% 2 20.0% 4 40.0% 1 10.0% 0 0.0% 0 0.0% 10 100.0%

Total 5 17.9% 10 35.7% 6 21.4% 4 14.3% 1 3.6% 2 7.1% 28 100.0%

CRP (mg/dL)

≤ 0.9 2 25.0% 2 25.0% 3 37.5% 0 0.0% 0 0.0% 1 12.5% 8 100.0%

0.674        

   

1- 4.9 0 0.0% 2 50.0% 0 0.0% 1 25.0% 1 25.0% 0 0.0% 4 100.0%

5- 9.9 1 33.3% 1 33.3% 1 33.3% 0 0.0% 0 0.0% 0 0.0% 3 100.0%

10- 14.9 2 33.3% 3 50.0% 0 0.0% 0 0.0% 0 0.0% 1 16.7% 6 100.0%

15- 19.9 0 0.0% 1 33.3% 1 33.3% 1 33.3% 0 0.0% 0 0.0% 3 100.0%

≥ 20 0 0.0% 1 33.3% 1 33.3% 1 33.3% 0 0.0% 0 0.0% 3 100.0%

Total 5 17.9% 10 35.7% 6 21.4% 4 14.3% 1 3.6% 2 7.1% 28 100.0%

ESR (mm/hr)

≤ 10 2 40.0% 0 0.0% 1 20.0% 0 0.0% 1 20.0% 1 20.0% 5 100.0%

0.302        

 

11- 20

mm/hr
1 50.0% 0 0.0% 1 50.0% 0 0.0% 0 0.0% 0 0.0% 2 100.0%

21- 40 0 0.0% 1 25.0% 2 50.0% 1 25.0% 0 0.0% 0 0.0% 4 100.0%

41- 60 0 0.0% 3 60.0% 1 20.0% 0 0.0% 0 0.0% 1 20.0% 5 100.0%

> 60 2 16.7% 6 50.0% 1 8.3% 3 25.0% 0 0.0% 0 0.0% 12 100.0%

Total 5 17.9% 10 35.7% 6 21.4% 4 14.3% 1 3.6% 2 7.1% 28 100.0%

Ferritin (ng/mL)

7-140 2 14.3% 5 35.7% 4 28.6% 2 14.3% 0 0.0% 1 7.1% 14 100.0%

0.095        

     

141- 300 2 66.7% 1 33.3% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 3 100.0%

301- 600 1 33.3% 0 0.0% 0 0.0% 1 33.3% 1 33.3% 0 0.0% 3 100.0%

601- 1000 0 0.0% 2 100.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 2 100.0%

1001- 2000 0 0.0% 1 33.3% 2 66.7% 0 0.0% 0 0.0% 0 0.0% 3 100.0%

2001- 5000 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 100.0% 1 100.0%

> 5000 0 0.0% 1 50.0% 0 0.0% 1 50.0% 0 0.0% 0 0.0% 2 100.0%

Total 5 17.9% 10 35.7% 6 21.4% 4 14.3% 1 3.6% 2 7.1% 28 100.0%

Fibrinogen (mg/Dl)

< 200 1 25.0% 1 25.0% 2 50.0% 0 0.0% 0 0.0% 0 0.0% 4 100.0%

0.495      

200- 400 3 33.3% 3 33.3% 1 11.1% 1 11.1% 1 11.1% 0 0.0% 9 100.0%

401- 600 1 6.7% 6 40.0% 3 20.0% 3 20.0% 0 0.0% 2 13.3% 15 100.0%

Total 5 17.9% 10 35.7% 6 21.4% 4 14.3% 1 3.6% 2 7.1% 28 100.0%

34-40 0 0.0% 0 0.0% 0 0.0% 1 100.0% 0 0.0% 0 0.0% 1 100.0%
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Albumin (g/L)

41-50 4 15.4% 10 38.5% 6 23.1% 3 11.5% 1 3.8% 2 7.7% 26 100.0%

0.363      

51-55 1 100.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 100.0%

Total 5 17.9% 10 35.7% 6 21.4% 4 14.3% 1 3.6% 2 7.1% 28 100.0%

TABLE 3: Correlation between lab results and complications
This table represents the correlation between laboratory results and complications among the study participants. Data are presented as numbers and their
corresponding percentages. A p-value is considered significant when it is less than 0.05.

VOC: vaso-occlusive crisis; ESR: erythrocyte sedimentation rate

A plain X-ray examination showed no abnormality in 24 out of 28 examined cases. Periosteal reactions were
present in three cases with osteomyelitis complications. Soft tissue swelling was encountered in one case
with osteomyelitis. A normal lumbar lordotic curve loss was observed in one case with osteomyelitis and
VOC. Additionally, repeated white lung was found in one case with VOC.

An MRI examination revealed no abnormality in 24 out of 28 examined cases. However, three cases
exhibited marrow edema with bone enhancement, two (66.7%, N=two) had osteomyelitis and one (33.3%,
N=one) had both osteomyelitis and VOC. Three cases showed soft tissue edema, two (66.7%, N=two) had
osteomyelitis and one (33.3%, N=1) had both osteomyelitis and VOC. Three cases presented with joint
effusion and soft tissue edema, all with osteomyelitis complications. Two cases showed soft tissue edema
and subperiosteal collection, one with osteomyelitis and the other with VOC. Muscle edema appeared in
MRI examinations of two cases, one with osteomyelitis and the other with both osteomyelitis and VOC.
Joint effusion was present in two MRI findings, one with osteomyelitis and VOC and the other with acute
chest syndrome. The subperiosteal collection was present in one case with osteomyelitis (Table 4).

 

2024 Tashkandi et al. Cureus 16(8): e68265. DOI 10.7759/cureus.68265 6 of 11

javascript:void(0)


   
No

complication
Osteomyelitis VOC

VOC+

Osteomyelitis

Hemolytic

crisis

Acute chest

syndrome
Total P value

   N % N % N % N % N % N % N %  

Ultrasound

No hip effusion 4 16.7% 9 37.5% 6 25.0% 3 12.5% 1 4.2% 1 4.2% 24 100.0%

0.607      

Minimal hip effusion 1 33.3% 0 0.0% 0 0.0% 1 33.3% 0 0.0% 1 33.3% 3 100.0%

Pus collection 0 0.0% 1 100.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 100.0%

Total 5 17.9% 10 35.7% 6 21.4% 4 14.3% 1 3.6% 2 7.1% 28 100.0%

X-ray

No abnormality 5 22.7% 6 27.3% 5 22.7% 3 13.6% 1 4.5% 2 9.1% 22 100.0%

0.601        

 

Soft tissue swelling 0 0.0% 1 100.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 100.0%

Periosteal reaction 0 0.0% 3 100.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 3 100.0%

Loss of normal lumbar lordotic curve 0 0.0% 0 0.0% 0 0.0% 1 100.0% 0 0.0% 0 0.0% 1 100.0%

Repeated white lung 0 0.0% 0 0.0% 1 100.0% 0 0.0% 0 0.0% 0 0.0% 1 100.0%

Total 5 17.9% 10 35.7% 6 21.4% 4 14.3% 1 3.6% 2 7.1% 28 100.0%

MRI

No abnormality 5 41.7% 0 0.0% 5 41.7% 0 0.0% 1 8.3% 1 8.3% 12 100.0%

0.281        

       

Marrow edema with bone

enhancement
0 0.0% 2 66.7% 0 0.0% 1 33.3% 0 0.0% 0 0.0% 3 100.0%

Subperiosteal collection 0 0.0% 1 100.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 100.0%

Soft tissue edema 0 0.0% 2 66.7% 0 0.0% 1 33.3% 0 0.0% 0 0.0% 3 100.0%

Soft tissue edema + subperiosteal

collection
0 0.0% 1 50.0% 1 50.0% 0 0.0% 0 0.0% 0 0.0% 2 100.0%

Muscle edema 0 0.0% 1 50.0% 0 0.0% 1 50.0% 0 0.0% 0 0.0% 2 100.0%

Joint effusion + soft tissue edema 0 0.0% 3 100.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 3 100.0%

Joint effusion 0 0.0% 0 0.0% 0 0.0% 1 50.0% 0 0.0% 1 50.0% 2 100.0%

Total 5 17.9% 10 35.7% 6 21.4% 4 14.3% 1 3.6% 2 7.1% 28 100.0%

Surgical

intervention

No 5 23.8% 4 19.0% 6 28.6% 4 19.0% 1 4.8% 1 4.8% 21 100.0%

0.028    Aspiration 0 0.0% 6 85.7% 0 0.0% 0 0.0% 0 0.0% 1 14.3% 7 100.0%

Total 5 17.9% 10 35.7% 6 21.4% 4 14.3% 1 3.6% 2 7.1% 28 100.0%

TABLE 4: Correlation between radiological findings, surgical intervention, and complications
This table represents the correlation between radiological findings, surgical interventions, and complications among the study participants. Data are
presented as numbers and their corresponding percentages. A p-value is considered significant when it is less than 0.05.

VOC: vaso-occlusive crisis

Aspiration was performed in seven out of 28 examined cases; six of these (85.7%, N=six) had osteomyelitis
complications, while one (14.3%, N=one) had acute chest syndrome (Table 4).

Discussion
SCD is a genetic condition characterized by defective, sickle-shaped erythrocytes [12] Because of their
structure, these erythrocytes are more likely to become caught in small, slow-flowing capillaries, resulting in
vaso-occlusive disease. Since this usually occurs in the bones, patients with SCD are more likely to have
orthopedic symptoms such as osteomyelitis, septic joint, or osteonecrosis. Osteomyelitis is a dangerous and
possibly crippling illness, yet it can be difficult to distinguish it from milder SCD disorders like VOC [13]. An
osteomyelitis diagnosis necessitates a comprehensive examination of the clinical presentation, laboratory
tests, and imaging. The treatment of osteomyelitis in SCD patients can be medical or surgical, but antibiotic
selection and care must be considered preoperatively and postoperatively to promote the best outcomes. To
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our knowledge, few studies reviewed cases of osteomyelitis in pediatric patients with SCD and have used a
case-control method to compare the presentation of osteomyelitis with that of VOC, which is the most
common cause of bony pain in these children. Other studies have involved adult patients, and their findings
may not apply to children [14,15]. In this study, we aimed to define the indicators that can suggest the
diagnosis of osteomyelitis in patients with SCA and investigate the laboratory and imaging pattern of
osteomyelitis.

In this study, the blood culture of most of the participants (89.3%) showed no growth; however, 7.1% had
salmonella and only 3.6% had Gram-positive cocci. Bloodstream infections (BSIs) are more common in
children with SCD, particularly with encapsulated bacteria such as Streptococcus pneumoniae and
Hemophilus influenza. As with osteomyelitis, this infection risk is associated with decreased or missing
splenic function, other immunological abnormalities, and anatomic predisposition [16,17]. The Cooperative
Study of SCD, conducted before routine penicillin prophylaxis or pneumococcal immunizations, provided a
prospective longitudinal assessment of bacteremia risk, revealing that incidence rates were highest in
patients with HbSS aged three years, owing primarily to S pneumoniae and H influenzae, and they decreased
with age during the first two decades of life [18]. Later investigations, from 1993 to 2010, revealed S
pneumoniae, Salmonella, E. coli, and Staphylococcus aureus as sources of bacteremia in SCD [19].

Concerning leucocytic count, only 25% had an average count, 32.1% had 10000 to 14900 WBC/mm3, and
7.1% exceeded 25000/ mm3. Awogu et al. [20] reported that when compared to their M genotype controls,
steady-state SCA children had substantially higher mean total white blood cell counts, mean total
polymorphonuclear neutrophil counts, and mean total segmented and mean total non-segmented
neutrophil counts. Contrary to expectations, steady-state patients showed a low percentage of
polymorphonuclear neutrophils (34%) that did not alter substantially with age.

Only 25% of the examined cases had normal WBC counts. However, most cases had leukocytosis.
Thrombocytopenia (platelet count < 150 X 109/L) was present in one patient with osteomyelitis and VOC.
However, thrombocytosis (platelet count >450 X 109/L) was present in patients, mainly in patients with VOC
(40%), with osteomyelitis (20%), and in patients with both osteomyelitis and VOC (10%). 

CRP lab results were normal ≤ 0.9 mg/dL only in eight out of 28 patients. However, it was 1-4.9 mg/dL,
mainly in patients with osteomyelitis (50%) and patients with osteomyelitis and VOC, or patients with
hemolytic crisis (25%). Sickle cell illness is an inflammatory disorder characterized by unusually high
leukocyte counts [21] and higher levels of WBCs during and after VOC or acute chest syndrome [22]. Recent
data suggest that chronic inflammation plays a role in SCA development [23]. Increased levels of pro-
inflammatory markers, such as high-sensitivity C-reactive protein (hs-CRP), were seen in the sera of SCA
patients [24]. Circulating CRP levels are typically steady, regulated by the synthesis rate, and within a typical
range for each individual. The identification of elevated hs-CRP levels in the sera of steady-state SCA
patients, which increased significantly during VOC episodes, showed a correlation between CRP and VOC
[22].

Normal ESR level ≤20 mm/hour was found in only seven of the 28 patients examined. The ESR was 41-60
mm/hour in patients with osteomyelitis (60%) and those with osteomyelitis or acute chest syndrome (20%).
In a retrospective analysis by Weisman et al. [25], it was shown that at presentation, 143% of the 28 patients
treated with osteomyelitis had leukocytosis (>15 000/L), and 46% had significantly increased baseline CRP
(>10 mg/dL). Baseline ESR was raised (>20 mm/h) in 27 patients (96%), although only three patients (11%)
had severe ESR elevation (>100 mm/h). Baseline white blood cell counts in patients treated for osteomyelitis
were not substantially different from those in individuals not treated for osteomyelitis but were lower in
patients with probable/confirmed osteomyelitis. Baseline CRP was considerably higher in patients treated
for osteomyelitis compared to patients not treated for it but not statistically different in patients with
probable/confirmed osteomyelitis compared to patients not treated for osteomyelitis. On the other hand,
ESR was considerably greater in patients treated for osteomyelitis compared to individuals not treated for
osteomyelitis. This held even when the comparison was confined to patients with probable/confirmed
osteomyelitis [23].

The ferritin level was normal (7-140 ng/mL) in most examined cases. However, it exceeded 5000 ng/mL in
patients with osteomyelitis or both osteomyelitis and VOC (50%). Other studies [24] found that individuals
with SCA had higher levels of serum iron than the control group. Iron is a strong oxidant capable of
converting hydrogen peroxide to free radicals. When these free radicals are created, they have the potential
to cause oxidative damage to cells by damaging lipids, proteins, and DNA. As a result, greater iron content is
harmful to cells and causes substantial oxidative damage. Higher blood iron levels in HbSS VOC patients
may be due to the fast auto-oxidation of the HbS molecule as well as the severe intravascular hemolysis
observed in such patients. As a result, it is probable that oxidative stress is greater in patients with HbSS
VOC than in those with HbSC VOC [26].

An ultrasound (US) examination revealed no hip effusion in 24 of the 28 examined. However, minimal hip
effusion was present in cases without complication, patients with osteomyelitis and VOC, and patients with
acute chest syndrome (33.3%, N=one). Pus collection was observed only in one case complicated by
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osteomyelitis (100%, N=one). US is highly sensitive in detecting osteomyelitis in children with SCD [14,24].
In a study by Inusa et al. [27], the US sensitivity was 76%, with patients having a 24% false negative rate,
which was later validated with a repeat US/MRI in cases of elevated white blood cell count and/or CRP [28].
According to William et al. [29], the US result of 4 mm sub-periosteal fluid accumulation significantly
predicts osteomyelitis in SCD patients. In our osteomyelitis group, 32% of patients exhibited periosteal
elevation or fluid collection of more than 4 mm [30].

A plain X-ray examination showed no abnormality in 24 out of the 28 examined cases. However, periosteal
reaction presented in three cases only complicated by osteomyelitis. Soft tissue swelling was encountered in
only one case complicated by osteomyelitis. Normal lumbar lordotic curve loss was observed in one case
complicated by osteomyelitis and VOC. Moreover, repeated white lung was found in only one case
complicated by VOC. Plain radiographs in the early stages of osteomyelitis and VOC are frequently
unremarkable or only indicate soft-tissue edema, periostitis, or osteopenia [3,13]. On radiographs, the lytic
alterations characteristic of osteomyelitis are at least two weeks behind the infection phase [31]. As a result,
the low sensitivity and specificity of plain radiography for early identification necessitate further
investigation using additional imaging modalities [30].

The examination with MRI revealed no abnormality in 24 out of the 28 examined cases. However, three
cases exhibited marrow edema with bone enhancement; two (66,7%) were complicated by osteomyelitis, and
the last (33.3%) had osteomyelitis and VOC. Three cases showed soft tissue edema; two (66,7%) were
complicated by osteomyelitis, and the last (33.3%) had osteomyelitis and VOC. Three cases present with
joint effusion and soft tissue edema. All cases are complicated by osteomyelitis. Two cases showed soft tissue
edema and subperiosteal collection. One of them was complicated by osteomyelitis, and the other with VOC.
Muscle edema appeared in the MRI examination of two cases, one was complicated by osteomyelitis and the
other with both osteomyelitis and VOC. Joint effusion was present in two MRI findings, one was
complicated by osteomyelitis VOC and the other with acute chest syndrome. A subperiosteal collection was
present in only one case, which was complicated by osteomyelitis. Because of its high sensitivity, MRI is the
imaging modality of choice for diagnosing osteomyelitis [25,29]. Early pathological signs, such as bone
marrow edema, can be detected within 24 hours after infection [26]. Bone marrow edema on MRI often
appears as a localized marrow anomaly with a reduced signal on T1-weighted scans and an increased signal
on T2-weighted imaging [31]. Other secondary osteomyelitis appearances, such as soft-tissue collections,
cellulitis, and cortical bone sinus tracts, exhibit comparable MRI signaling properties (lower on T1, higher on
T2) [25,27,29]. MRIs can be used with clinical evidence to evaluate the response to antibiotic medication
without the danger of ionizing radiation [32-34].

Aspiration was performed only in seven of the 28 examined cases; six (85.7%) were complicated by
osteomyelitis, while the last one (14.3%) had acute chest syndrome. Given the limitations of diagnostic
imaging techniques like bone scintigraphy, detecting osteomyelitis in children with SCD can be particularly
challenging since they frequently appear with fever and a painful, swollen, sensitive limb with a limited
range of motion. These signs and symptoms are comparable to those seen in VOC patients. However, a bone
biopsy or aspiration is an intrusive treatment, so it should be conducted before commencing antibiotics to
maximize the odds of achieving a positive result [10].

Study limitation
This study has several limitations that must be acknowledged. Firstly, the sample size was relatively small,
which may affect the generalizability of the findings. The study was conducted in a single center, which
could introduce location-specific biases and limit the applicability of the results to other settings.
Additionally, the retrospective nature of part of the data collection may introduce recall bias and affect the
accuracy of the findings. The reliance on clinical and radiological criteria for diagnosing osteomyelitis,
without the routine use of gold-standard diagnostic methods such as bone biopsy, could lead to
misclassification.

Conclusions
Despite recent breakthroughs in diagnostic examinations, our findings suggest that the diagnosis of
osteomyelitis in children with SCD remains challenging to establish with certainty. Misdiagnosis has
significant implications for providers caring for children with SCD because undertreatment can result in
chronic osteomyelitis, necessitating prolonged antibiotic therapy, and surgical interventions. In contrast,
overtreatment can result in unnecessary exposure to broad-spectrum antibiotics and prolonged
hospitalizations. Based on the outcomes of this study and prior research, we recommend an individualized
multidisciplinary examination (hematology, infectious disease, orthopedic surgery, and interventional
radiology) in SCD patients with suspected osteomyelitis, considering the entire clinical history and
laboratory and MRI results.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Academic Affairs
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