ELMER
PRESS

’ '.) Check for updates‘

Review Clin Infect Immun. 2025;10(3):41-50

Acute Spinal Infections: A Modern Narrative Review
With Evidence Through 2024

Eti Muharremi?®, Francis Demiraj® f, Denis Babici®, Ayleen Shaban®,
Tugce Kutukd, Sujai Nath®

Abstract

Spinal infections are serious conditions affecting either the spinal ca-
nal or surrounding structures (e.g., vertebrae, the intervertebral discs
or paraspinal tissues) and are caused by different organisms including
bacteria and fungi. The most common mechanism is either hematog-
enous spread or after surgical procedures. It is important to make a
prompt diagnosis based on clinical manifestations, as well as support-
ing laboratory and imaging testing. Depending on the localization and
the severity of the spinal infections, management is either conservative,
with antimicrobials in neurologically stable patients with no signs of
spinal instability, or additional surgical treatment when there is spinal
cord compression or instability. Early diagnosis and treatment remain
crucial to avoid serious complications and poor outcomes.
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Introduction

Spinal infections (SIs) are a term used to describe a spectrum
of infectious diseases that affect either the vertebrae, the in-
tervertebral discs, the spinal canal and the space surrounding
it, or adjacent paraspinal soft tissues [1]. These are classified
respectively as vertebral osteomyelitis, discitis, spondylodisci-
tis, spinal epidural abscess (SEA), and paraspinal muscle ab-
scesses [2]. However, infection usually spreads and involves
different compartments of the spinal column and is rarely con-
fined to only one of the mentioned anatomical structures [3].
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They are either caused by bacteria or fungi, with Staphy-
lococcus aureus (S. aureus) being the most common organism
identified. Other frequent bacterial pathogens are coagulase-
negative Staphylococci, Streptococci, and Escherichia coli [4].
Most common fungal agents causing SI are Aspergillus spp.,
Candida spp., and Cryptococcus neoformans, but they are not
so easily identified and occur less frequently [4]. No organism
can be identified in one-third of patients.

SIs most commonly affect the lumbar spine, followed by
thoracic, cervical, and to a lesser extent sacral spine [4]. Di-
rect open spinal trauma or hematogenous dissemination from
a distant site, as well as contiguous spread occurring up to 3
months after surgical procedures are the described respon-
sible mechanisms [5]. SIs are predominantly seen in males,
with male/female ratio ranging between 2:1 and 5:1 [6, 7].
Although SIs can occur at any age, vertebral spondylodiscitis
predominantly affects adults, with a higher prevalence among
individuals over 50 years old, likely due to increased rates of
immunosuppression, immunosuppressive therapy, and surgi-
cal implant use in this group. Among younger age groups, in-
travenous drug abusers have a high risk of developing SIs [8].

The incidence of SI has increased in recent years, prob-
ably due to the aging population and increased number of pa-
tients with chronic diseases, growing number of intravenous
drug abusers, increased spinal trauma and surgery, as well as
increased sensitivity of imaging techniques used currently [9].
An epidemiological study in the United States confirmed in-
creased incidence of vertebral osteomyelitis from 2.9/100,000
in 1998, to 5.4/100,000 in 2013 [10]. This narrative review
aims to present current knowledge spanning the classification,
pathophysiological processes, clinical manifestations, and
therapeutic approaches associated with Sls.

Selection Criteria

We included English-language, full-text articles addressing
acute SIs in humans, encompassing original research (cohort
studies, case series), clinical guidelines, and narrative or sys-
tematic reviews. We excluded animal or in vitro studies and
records without accessible full text.

Classification and Pathophysiology

SIs are named and classified after the respective anatomical
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Figure 1. MRI findings consistent with spondylodiscitis at the L2-L3 level. (a) T1-weighted sagittal MRI showing hypointense
signal within the L2-L3 intervertebral disc and adjacent vertebral endplates, indicative of inflammation and structural damage
(arrow). (b) T2-weighted sagittal MRl demonstrating a hyperintense signal in the L2-L3 intervertebral disc, reflecting edema and
fluid collection (arrow). (c) Coronal short tau inversion recovery (STIR) MRI highlighting an elevated signal infiltrating the L3
vertebral body, superior and inferior endplates of L2, and the paravertebral space, involving the psoas muscles and posterior
wall (arrow). These findings result in neuroforaminal stenosis with contact to the emerging nerve roots at L2-L3, suggestive of an
infectious process with possible infiltrative characteristics. Adapted from Gonzalez Herrera et al [11] (rID: 188070). MRI: magnetic

Clin Infect Immun. 2025;10(3):41-50

resonance imaging.

structure affected within the spine. In clinical practice, the in-
fection is usually not confined to a single anatomic structure.
For example, the involvement of both the disc and vertebral
bodies is named spondylodiscitis, with imaging features dis-
played in Figure 1 [11]. As shown in Figure 2 [12], magnetic
resonance imaging (MRI) findings in discitis typically dem-
onstrate destruction of opposed vertebral endplates and fluid
collection within the disc space. Given the vascular structure
of the spine, a single vascular pedicle typically branches to
supply two neighboring vertebral end plates. Consequently,
in most instances, an infection affects two adjacent verte-
bral bodies along with their intermediate disc. Characteristic

MRI features of spondylitis, including hypointense signal on
T1-weighted images and hypointense edema on T2-weighted
images, are illustrated in Figure 3 [13]. The initial site of in-
fection is usually the vertebral end plates, and over time, the
infection may spread to the adjacent disc or vertebral body.
Additionally, the slow blood flow in these vessels, the absence
of valves, and the complexity of the arterial or venous supply
increase the vulnerability of the vertebral column to infections
in individuals with bacteremia.

Infectious agents reach the spine via three routes: 1) direct
external inoculation after trauma or surgery; 2) hematogenous
spread from a distant primary site; 3) contiguous spread from

42

Figure 2. Sagittal MRI images of discitis at the T8/T9 level. (a) T1-weighted image showing destruction of the opposed endplates
and loss of vertebral body height at T8/T9 (arrow). (b) T2-weighted image demonstrating fluid collection within the disc space and
extensive phlegmon in the surrounding paravertebral soft tissues (arrow). (c) Post-contrast T1-weighted imaging with fat saturation
demonstrates enhancement of the phlegmon involving the paravertebral and epidural spaces, resulting in focal spinal canal nar-
rowing (arrow). No evidence of epidural abscess is observed. Adapted from Di Muzio et al [12]. MRI: magnetic resonance imaging.
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Figure 3. Sagittal and axial MRI images demonstrating features of spondylitis at the L3-L4 level. (a) T1-weighted sagittal MRI
showing hypointense signal in the L3-L4 vertebral endplates and adjacent vertebral bodies, consistent with inflammation (arrow).
(b) T2-weighted sagittal MRI illustrating hyperintense signal in the affected region, indicative of edema (arrow). (c) Axial and
sagittal short tau inversion recovery (STIR) images with contrast enhancement highlighting abnormal enhancement in the L3-L4
region. Small paraspinal abscesses are also identified, confirming active infection. Adapted from Aguiar et al [13] (rID: 67347).

MRI: magnetic resonance imaging.

an adjacent tissue [14].

Direct inoculation consists in the presentation of the
causative agents in the corresponding tissues because of the
barrier damage, either after trauma or surgery. Hematogenous
dissemination involves the migration of microorganisms from
distant primary sites - such as the genitourinary, gastrointesti-
nal, or respiratory tracts, oral cavity, heart (in cases of endo-
carditis), or soft tissues - to the spine via arterial circulation or
retrograde spread through the valveless Batson venous plexus.
Notably, in nearly 50% of cases, the original source of infec-
tion remains unidentified [15]. Any event causing microorgan-
isms to enter the bloodstream, including surgical procedures or
even minor activities such as tooth brushing or venipuncture,
can theoretically lead to hematogenous spondylodiscitis [13].
Urinary tract infections, particularly those related to genitou-
rinary interventions, are the most common source of transient
bacteremia and subsequent SIs [1, 11, 12]. On rare occasions,

infection may spread directly from neighboring structures
such as the aorta, esophagus, or bowel [16, 17]. Because of the
vascular anatomy of the spine, two consecutive vertebral end
plates are supplied by the same vessels for a pedicle, therefore,
in most cases infection involves two adjacent vertebral bodies
and the respective intervertebral disc [11, 12, 14].

Clinical Presentation and Diagnosis

Clinical presentation and diagnosis of SIs are critical for time-
ly and accurate management. SI often manifests with nonspe-
cific symptoms, making it challenging to diagnose. The typical
clinical presentation includes pain, fever and paresis. Among
those, pain is the most common of the presenting clinical signs
[18], and it is usually more pronounced at night and can even
be severe enough to awaken the patient. It may be in the neck
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Figure 4. MRI images demonstrating a spinal epidural abscess with associated prevertebral abscess. (a) Sagittal T2-weighted
MRI reveals an anterior epidural abscess (C1-C4) compressing the spinal cord, with a hyperintense T2 signal and evidence of a
prevertebral abscess at C3-C4 (arrows). (b) Sagittal T1-weighted MRI shows hypointense signals corresponding to the epidural
and prevertebral abscesses, consistent with fluid and inflammatory changes (arrows). Adapted from Egidio de Sousa et al [29]

(licensed under CC BY 4.0). MRI: magnetic resonance imaging.

or back, depending on the level of infection and may radiate to
the lower limbs, abdomen or groin. The pain does not have any
specific qualities to differentiate it from the more common me-
chanical back pain, but the coexistence of fever should raise the
clinical suspicion. Fever is another common clinical sign among
SIs, but it is only present in approximately 50% of the patients
with bacterial SIs [18]. This percentage is further reduced in
patients with fungal, mycobacterial, or brucellar infections, as
these individuals are often afebrile. The same study revealed
that a neurological deficit such as paresthesia, radiculopathy or
limb weakness/paralysis and loss of sphincter function, was pre-
sent in 47% of the patients [18]. Due to the low specificity of
signs and symptoms, diagnosis is delayed. Overall, pain remains
the most common and usually the only clinical sign on presenta-
tion, therefore a high index of clinical suspicion is needed when
assessing population at risk for SIs and should be followed by
imaging and laboratory findings to make a diagnosis.

Routine laboratory markers are important in evaluating
a patient with suspected SI. Evaluating the white blood cell
(WBC) count alongside inflammatory markers such as eryth-
rocyte sedimentation rate (ESR) and C-reactive protein (CRP)
is a crucial part of the initial diagnostic assessment. WBC is
the least sensitive among these tests, and a normal WBC count
does not rule out a diagnosis of SI. CRP and ESR on the other
hand are more sensitive markers, with CRP having the highest
sensitivity (98%), while elevated ESR is observed in approxi-
mately 75% of cases [19].

Despite its high incidence, the sole elevation of CRP can be
misleading and is not sufficient to suggest a diagnosis of SI by
itself. In patients presenting with back pain and fever, elevated
CRP levels alongside an increased ESR or WBC count are sug-
gestive of a SI. CRP also serves as a valuable marker for treat-
ment response, as it tends to normalize quickly following effec-
tive therapy, unlike ESR, which may remain elevated in up to
50% of cases despite clinical improvement [20]. Procalcitonin

(PCT) serves as a valuable biomarker for differentiating bacte-
rial infections from non-bacterial causes and can assist in guid-
ing the initiation of empiric antibiotic therapy. Blood cultures,
preferably taken during a fever spike, are part of the workup in
patients with suspected SI to identify the microorganism respon-
sible, and they should be collected before starting empiric anti-
biotic therapy [21]. The offending microorganism is identified
in up to 59% of blood cultures [22], so sometimes a superior di-
agnostic approach is needed, like computed tomography (CT)-
guided biopsy of infected tissue [23]. In patients from endemic
regions or those with a high likelihood of disease, additional
testing - such as Brucella serology, Mycobacterium tuberculosis
screening (purified protein derivative (PPD) or interferon-y re-
lease assay), and fungal assays - should be performed alongside
the standard diagnostic workup [19].

Imaging studies are necessary to reveal the location and
extent of the lesion, and it usually includes radiography and
MRI of the spine [24]. Full spinal imaging is essential to eval-
uate the extent of infection and to rule out adjacent or skip
lesions. Plain radiographs are frequently the initial imaging
study due to their accessibility and low cost; however, abnor-
malities typically appear late in the disease process, and the
overall sensitivity remains low. Radiographic visualization of
osseous demineralization requires 30-40% loss of the osseous
matrix, which may occur up to 2 weeks after onset of clinical
symptoms [25]. CT is not considered to be of much use for
diagnosis of SI, however, it is often utilized to obtain samples
of infected specimens, for both osseous and non-osseous tis-
sue, as mentioned above. MRI is the modality of choice for
diagnosis of SIs, with reported sensitivity of 96% and specific-
ity of 93% [26, 27]. Bone marrow edema manifests as hypo-
intensity on T1-weighted imaging (T1WI) and hyperintensity
on T2-weighted imaging (T2WI) within the intervertebral
discs, vertebral bodies or epidural space [11, 28]. Radiograph-
ic findings of a SEA are illustrated in Figure 4 [29]. Loss of

44 Articles © The authors | Journal compilation © Clin Infect Immun and Elmer Press Inc™ | https:/cii.elmerpub.com



Muharremi et al

Clin Infect Immun. 2025;10(3):41-50

endplate definition is also a characteristic finding. Contrast
imaging is recommended if there are no contraindications to
gadolinium, to increase the sensitivity. Contrast enhancement
of the vertebral body and disc are appreciated on T1W images.
Although MRI is considered the imaging modality of choice,
some patients may have contraindications requiring alternative
imaging approaches. In such cases, radionuclide imaging (RI),
particularly gallium-67 single-photon emission computed to-
mography (SPECT), is preferred and has demonstrated strong
efficacy as an alternative to MRI [30]. Bone scintigraphy using
technetium-99m or indium-111 tends to have lower sensitivity.
While 18F-fluorodeoxyglucose (FDG) PET is a viable alterna-
tive, it is important to recognize that FDG uptake occurs not
only at sites of infection but also in areas of inflammation, in-
cluding those associated with autoimmune and granulomatous
conditions [31]. Lack of specificity is a limiting factor for PET,
as radionuclide uptake can occur in a variety of inflammatory
and neoplastic processes, hence clinicians must consider PET
findings in the context of the clinical and previous imaging
findings [32].

It is essential to note that while clinical symptoms, positive
blood cultures, and imaging findings may be suggestive of SI,
they are not definitive. A conclusive diagnosis requires micro-
scopic evaluation of the involved tissue. In cases of negative
blood cultures and inconclusive imaging, CT-guided needle
biopsy is recommended for confirmation of SI diagnosis and
further targeted management [33, 34]. A complete algorithm of
diagnostic tests is presented in Figure 5.

The CT-guided biopsy needed to confirm the diagnosis
in certain cases of patients presenting with septicemia should
not delay treatment, and prompt empirical antibiotic treatment
should be started [19, 29]. Administration of antibiotics be-
fore biopsy does not appear to reduce culture sensitivity [35].
When blood cultures are negative and two consecutive needle
biopsies are non-diagnostic, an open biopsy is recommended
to identify the causative organism [36].

Management

The management of SI is guided by several aspects of a pa-
tient’s clinical picture. Treatment goals include elimination of
the presenting infection, maximal preservation of the affected
spinal cord structure, and if needed, the decompression of the
spinal canal in the presence of neurological deficits by mass
effect. Antibiotic therapy is a mainstay of all treatment ap-
proaches but the inclusion of surgical intervention in manage-
ment is based on the level of osseous involvement, neurologi-
cal decline, systemic involvement, and response to intravenous
antibiotic therapy [9, 37].

Conservative approaches incorporate intravenous anti-
biotics in combination with some level of immobilization of
the spine to aid in symptomatic pain relief and spinal stabil-
ity [2]. The initial approach should be multidisciplinary with
a spinal surgeon and infectious disease physician setting the
goals and parameters of management. Key differentiator of
treatments is the location of infection and its causative organ-
ism. Spondylodiscitis, or infection of the disc space, is most

commonly caused by Staphylococcus aureus in Western coun-
tries but Mycobacterium tuberculosis is a common pathogen in
the developing world [13, 38]. Generally, empiric therapy for
spondylodiscitis is only recommended in cases of neurological
deterioration with or without sepsis or hemodynamic shock.
Once a causative organism has been cultured, treatment should
be guided accordingly. Infections caused by oxacillin-suscepti-
ble Staphylococcus aureus should be treated with ceftriaxone,
cefazolin, or flucloxacillin. In cases of oxacillin resistance,
vancomycin remains the mainstay of treatment. Penicillin G
and ampicillin are recommended for cases of Enterococcus
with vancomycin being indicated in cases of penicillin resist-
ance [19]. The length of antibiotic therapy remains controver-
sial as 6 weeks of therapy was seen to be non-inferior to 12
weeks at 1 year post initiation [39]. The Infectious Disease
Society of America recommends 6 weeks of parental or highly
bioavailable oral antibiotic therapy but 3 months for patients
with Brucella presentations [19].

Surgical indications include neurological deficits, sep-
sis, presence of intraspinal empyema or abscess greater than
2.5 cm, and failure of conservative therapy. There is also an
instability criterion consisting of segmental kyphosis greater
than 15°, vertebral body collapse greater than 50%, or trans-
lation greater than 5 mm [40]. A common consideration for
surgical intervention is advanced age, but older patients have
been shown to have similar mortality rates as their younger
counterparts albeit with higher complications rates [22]. Spi-
nal intramedullary abscesses are among the rarer infectious
presentations of SIs [41]. As illustrated in Figure 6 [41], MRI
demonstrates an intramedullary abscess characterized by a
hyperintense lesion on T2W imaging with surrounding cord
edema and peripheral ring enhancement. Given the lack of
standardized treatment guidelines, management remains on a
case-by-case basis as far the composition of antibiotic therapy
with surgical intervention. A 202-patient case review provided
insight into treatment approaches and outcomes. In this analy-
sis, all patients received antibiotic therapy, and 65% under-
went surgical drainage. In total, 77% of patients across both
treatment groups demonstrated improvement at the 6-month
follow-up. In patients who underwent surgical treatment, those
operated on within 24 h of diagnosis had a significantly higher
chance of being ambulatory at follow-up compared to those
who received surgery after 24 h (odds ratio (OR): 4.44; 95%
confidence interval (CI): 1.26 - 15.61; P =0.020) [42].

Septic facet joints are also another rare infection of the
spine and often occur as a spread of an already existing infec-
tion [29]. MRI findings of septic arthritis in the facet joint are
depicted in Figure 7 [28]. One five-patient cases series detailed
how four out of five patients went to have complete recovery
only with intravenous antibiotics for an average duration of
33.3 days. One patient with recurrent infections did require
open facet arthrotomy and paraspinal muscle debridement af-
ter intravenous administration of antibiotics, which suggests
a possible surgical role for refractory cases [43, 44]. An ex-
ample of a paraspinal abscess is presented in Figure 8 [45].
A systematic review of septic facet joints in children found
that the average antibiotic treatment duration was 5.1 weeks,
with compliance to guidelines at 79% for empiric and 62%
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Figure 5. Diagnostic approach to spinal infections. Sl: spinal infection; WBC: white blood cells; ESR: erythrocyte sedimenta-
tion rate; CRP: C-reactive protein; MRI: magnetic resonance imaging; CT: computed tomography; RI: radionuclide imaging; C/I:

contraindicated.

for targeted antibiotic therapies [29, 46]. Spinal subdural em-
pyema presents a significant risk of neurological compromise
necessitating a much lower threshold for surgical intervention
[45]. As illustrated in Figure 9 [43], spinal subdural empyema
appears as large, loculated fluid collections causing significant
spinal cord compression and associated T2 hyperintensity. A
narrow indication exists for treatment solely of antibiotic ther-
apy if there is limited neurological deficit, a limited empyema,
and the patient responds well early [45]. These patients will

46

require consistent exams and neuroimaging with close super-
vision [47].

Limitations

While this narrative review provides a comprehensive syn-
thesis of the current literature on acute SIs, certain limitations
should be acknowledged. As with all narrative reviews, the
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Figure 6. MRI images illustrating the radiological features of an intramedullary abscess in the cervical spinal cord. (a) Sagit-
tal T2-weighted MRI reveals an intramedullary hyperintense lesion within the cervical spinal cord, associated with diffuse core
expansion and surrounding edema. (b) Short tau inversion recovery (STIR) sequence further highlights the hyperintense lesion
and associated edema. (c) Post-contrast sagittal T1-weighted image demonstrates continuous peripheral ring enhancement.
Adapted from Cerecedo-Lopez et al [41] (licensed under CC BY 4.0). MRI: magnetic resonance imaging.

lack of formal quality assessment and quantitative data syn-
thesis may introduce some degree of selection bias. However,
the inclusion of a wide range of peer-reviewed studies, case
reports, and clinical guidelines ensures a robust and diverse
perspective. Additionally, variability in diagnostic and treat-
ment approaches across studies reflects real-world practice
differences and offers valuable insight into the complexities of
managing these conditions. Future research, particularly pro-
spective and systematic investigations, will further strengthen
the evidence base and help refine best practices.

Conclusions

In conclusion, this narrative review has provided a comprehen-

Figure 7. Axial T2-weighted MRI image illustrating fluid collection with-
in the right facet joint, consistent with findings of septic arthritis. The
hyperintense signal in the joint space (blue arrow) indicates inflamma-
tion. Adapted from Rajeev et al [28] (licensed under CC BY 4.0). MRI:
magnetic resonance imaging.

sive overview of Sls, shedding light on the multifaceted nature
of these debilitating conditions. SIs, encompassing various eti-
ologies such as bacterial, fungal, and mycobacterial, present
a significant challenge to both patients and healthcare pro-
fessionals. Through the exploration of epidemiology, clinical
manifestations, diagnostic modalities, and treatment options,
this review has highlighted the importance of early detection
and prompt intervention in managing Sls effectively.

Our analysis underscores the significance of a multidis-

Figure 8. MRI spine (axial T1-weighted) showing a paraspinal abscess
on the right side with an air-fluid level (arrow). Adapted from the study
of Eswarappa et al [45] (licensed under CC BY 3.0, image modified by
the authors to include an annotation (yellow arrow)). MRI: magnetic
resonance imaging.
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Figure 9. MRI images demonstrating spinal subdural empyema with associated fluid collections. (a) On sagittal T2-weighted
imaging, large loculated fluid collections are observed, resulting in ventral compression of the spinal cord between T12 and L2
and dorsal compression extending from T8 to T12, with associated T2 hyperintensity involving the distal thoracic cord and conus
at T11-T12. (b) Sagittal T1-weighted MRI without contrast shows anterior displacement of the spinal cord from T9-T12 levels. (c)
Sagittal T1-weighted MRI with contrast demonstrates distinct enhancement of fluid collections at T8-T12 and T12-L2, as well as
enhancement of the leptomeninges and nerve roots within the cauda equina, findings consistent with inflammation. Adapted from
Basheer et al [43] (licensed under CC BY 3.0). MRI: magnetic resonance imaging.

ciplinary approach involving orthopedic surgeons, neurosur-
geons, neurologists, infectious disease specialists, radiologists,
and microbiologists. It is crucial to tailor treatment strategies
to the specific infective agent and consider the individual pa-
tient’s clinical status and comorbidities. Advances in imaging
techniques, such as MRI and positron emission tomography-
computed tomography (PET-CT) scans, have greatly improved
our ability to diagnose SIs accurately, allowing for more tar-
geted therapeutic interventions.

Moreover, the emergence of antibiotic-resistant pathogens
and the need for vigilant surveillance systems call for contin-
ued research efforts in the field of SIs. Future studies should
focus on optimizing diagnostic accuracy, refining treatment
protocols, and exploring innovative therapeutic modalities,
such as minimally invasive surgical techniques and immu-
nomodulatory therapies. Ultimately, this narrative review un-
derscores the significance of a holistic approach to managing
SIs, emphasizing the importance of early diagnosis, tailored
treatment, and ongoing research to improve patient outcomes
and enhance our understanding of these complex conditions.
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