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ARTICLE INFO ABSTRACT

Keywords: Atypical spinal infections (ASIs) of the spine are a challenging pathology to management with potentially devas-
Atypical spine infections tating morbidity and mortality. To identify patients with atypical spinal infections, it is important to recognize
BlasmeFOS‘S the often insidious clinical and radiographic presentations, in the setting of indolent and smoldering organism
Bruce.zll.os.ls growth. Trending of inflammatory markers, and culturing of organisms, is essential.

Coccidioides . i . . . . s . . . .
Cryptococeus Once identified, the spinal infection should be treated with antibiotics and possibly various surgical inter-

ventions including decompression and possible fusion depending on spine structural integrity and stability. Early
diagnosis of ASIs and immediate treatment of debilitating conditions, such as epidural abscess, correlate with
fewer neurological deficits and a shorter duration of medical treatment. There have been great advances in surgi-
cal interventions and spinal fusion techniques for patients with spinal infection. Overall, ASIs remain a perplexing
pathology that could be successfully treated with early diagnosis and immediate, appropriate medical, and sur-

Epidural abscess/Empyema
Histoplasma capsulatum
Intramedullary abscess
Subdural empyema

gical management.

Background

Atypical spinal infections (ASIs) are significant, yet relatively rare
diseases that occur when a pathogen invades the spinal apparatus, which
includes bony elements, surrounding paraspinal tissues, epidural, or in-
tradural spaces. On imaging, patients may exhibit vertebral endplate
destruction and abscesses. Clinically, they may experience symptoms
such as pain, paralysis, incontinence, fever, and other manifestations.
Infections can vary in terms of type, location, pathogenesis, clinical pre-
sentation, severity, and risk factors. Consequently, the approach to man-
aging and treating spine infections must be tailored to these aforemen-
tioned factors, particularly when dealing with atypical infections. The
occurrence and nature of spinal infections exhibit significant disparities
between developed and developing countries. The definition of an “atyp-
ical” spinal infection primarily relies on the prevailing understanding of
what is considered “typical” within a specific clinical setting. In con-
trast, developing countries face distinctive challenges characterized by
limited access to healthcare facilities, inadequate sanitation, and preva-
lent socioeconomic factors.

FDA device/drug status: Not applicable.

Non-tuberculous mycobacteria (NTM) spinal infections have been
linked to past outbreaks [1,2], affecting both individuals with intact
immune systems and those with compromised immune function. While
NTM infections can occur in immunocompetent individuals, they are
more commonly observed in individuals with immunosuppression, in-
cluding those with autoimmune diseases or Acquired immunodeficiency
syndrome (AIDS), as well as those with other chronic conditions [3]. In
this review, we will initiate a comprehensive discussion on the epidemi-
ology of spinal infections, with a specific focus on atypical cases. Sub-
sequently, we will delve into an in-depth exploration of pathogenesis,
clinical presentation, and diagnosis, including atypical microorganisms.
Lastly, we will address the various aspects of treatment and manage-
ment.

Epidemiology and types of spine infection

Spinal infections account for up to 7% of all cases of osteomyeli-
tis [4]. The most common levels of infection are the lumbar vertebrae
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(58%), followed by the thoracic (33%) and cervical (11%). In devel-
oping countries, the limited healthcare infrastructure, lack of access
to diagnostic tools, and challenges in accurate case reporting can con-
tribute to underestimating the prevalence rates of NTM. Additionally,
regional variations in environmental exposure to NTM species and dif-
ferences in population demographics and immune status can further in-
fluence the prevalence rates [5]. In recent years, NTM have garnered
significant attention due to their propensity to infect individuals with
compromised immune systems, such as those with human immunode-
ficiency virus (HIV) infection, cystic fibrosis or those who have under-
gone organ transplants [6-8]. While the respiratory system serves as
the primary site of NTM infection, it is also noteworthy that infections
can occur in the skin and skeletal muscle following injection or trauma
[9,10].

Furthermore, certain patient populations require special considera-
tion, including those who have recently undergone spinal surgery or re-
ceived intravascular devices, individuals who have traveled to regions
with high endemicity [11]. It is crucial to remain attentive to the possi-
bility of pediatric spine infections, which, although less prevalent, can
manifest subtly and may be associated with potential bacteremia origi-
nating from ear, nose, or throat infections [12]. Early recognition of ASIs
is crucial because standard antibiotics will not work to clear mycobac-
terium species, fungal, and viral pathogens, and the treatment course is
much longer and intensive for atypical organisms [13].

There are differences based on the type of spinal infection that pa-
tients develop. Spondylodiscitis, which is an infection of the spinal cord
disc and the adjacent VB, is the most common type of spinal infec-
tion [14]. Epidural abscess can also occur through bacterial contiguous
spread through the medullary canal, and it often presents with abscesses
in other locations of the body. Subdural empyema is less common and is
often secondary to osteomyelitis elsewhere in the spine [15]. Subdural
empyema in the cervical or thoracic spine presents with a rapid decline
in medical and neurological well-being due to cord compression, and
drainage of pus is crucial to reduce morbidity and long-term compli-
cations [16]. Other spinal infections include spinal meningitis, which
often occurs due to Neisseria meningitides, an atypical gram-negative
bacterium that can lead to life-threatening sepsis [17].

Pathogenesis

The development of spinal infections can have various causes, but
taking a comprehensive approach to investigation through history, clin-
ical, imaging, and lab findings is crucial for determining the appropriate
treatment and prognosis for patients. Neurosurgical, radiological, and
infectious disease specialists often collaborate to determine the patho-
genesis of ASIs. There are 3 ways that pathogens can invade the spine:
(1) hematogenous spread from a distant infection site, which is the most
common cause; (2) direct external inoculation after surgery; or (3) dis-
semination from contiguous tissues such as the aorta, esophagus, or ab-
dominopelvic structures [18].

To understand hematogenous spread, it is important to consider the
vasculature of the spine. The subclavian artery, coming off the aortic
arch, branches into vertebral arteries which join to form the anterior
spinal artery [19]. The anterior spinal artery supplies the anterior two-
thirds of the spine and travels down the spinal cord through the antero-
lateral sulcus. A pair of posterior spinal arteries also travel down the
cord and supply the posterior one-third. At each vertebral segment, the
spinal arteries branch into segmental spinal arteries, which then become
anterior and posterior radicular arteries.

It is thought that, through hematogenous spread, pathogens (mainly
bacteria) become lodged in the arteriolar end-plate arcades [13]. Ad-
ditionally, it was demonstrated by Batson in 1967 that venous back-
flow through the pelvic venous plexus to the vertebral venous plexus
can occur, which may explain why most spine infections occur in the
lumbar region [18,20]. Hematogenous spread has been documented to
occur through remote infections across many sites, with 30% of all
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hematological spine infections being associated with bacterial endo-
carditis [18,21]. Urinary tract infections also increase the predisposition
to lumbar spine infections, with nearby structures such as the psoas
major muscle being affected [22]. Hematogenous spread to the spine
is also associated with spread from the respiratory tract, gastrointesti-
nal system, the skin, and even tooth brushing, although most cases of
sepsis-related spinal infection are difficult to isolate to a single remote
site [14].

Surgical site infections (SSI) are another cause of pathogenesis, with
a reported risk of up to 16% postoperatively, depending on the type of
procedure, duration, length of stay, and patient factors such as age and
medical history [23]. The risk is increased when devices such as inter-
body cases, screws and rods are implanted, as they can act as breeding
grounds for micro-organisms to proliferate and develop a polysaccha-
ride biofilm, hampering antibiotic effectiveness and host immune func-
tion. SSIs of the spine are associated with prolonged hospitalization and
mortality for the patient, as well as a significant financial burden on the
healthcare system.

Finally, direct dissemination of pathogens from contiguous tissue is
possible, with reports of infection spreading from the esophagus, aorta,
pelvis, pressure sores, and even directly from adjacent vertebral bodies
being documented [4,14,22,24,25].

Clinical presentation

Neck or back pain is usually the first and major clinical manifesta-
tion of vertebral osteomyelitis. The location of pain is typically localized
to the infected region, but it may radiate to other areas such as the ab-
domen, hip, leg, scrotum, groin, and/or perineum. Pain usually begins
insidiously and may initially be absent or non-focal, but then worsens
over several weeks to months. Most studies have reported that around
95% of cases present with pain [11,26] but a retrospective study re-
ported up to 30% of cases can present without pain [27]. It is therefore
imperative to perform a full workup if there is suspicion of a spinal in-
fection, even without pain. Pain is often worse during physical activity
and at night and may be accompanied by reduced spinal mobility [28].
Palpation or percussion of the area can exacerbate spinal pain, and pal-
pation of paravertebral muscles can cause tenderness and spasm. Severe
and sharp pain may indicate an epidural abscess, which occurs when
infections extend posteriorly into the epidural space. Fever is inconsis-
tently present, with only 36% to 60% of all cases and up to 45% of
bacterial-caused vertebral osteomyelitis [29,30].

Neurological impairment is reported in 20% to 30% of cases. Mo-
tor weakness is the most common presentation, while other neurologi-
cal signs include sensory loss, radiculopathy, sphincter dysfunction, or
paralysis in severe situations [11,29]. However, new neurological symp-
toms can occur in a median of 11 days after diagnosis, with an interquar-
tile range of 4 to 24 in a retrospective study and a range of 1 to 45 in
a prospective study [11,31]. Risk factors for progressing to severe neu-
rological deficits include epidural abscess, cervical and/or thoracic in-
volvement, and a C-Reactive Protein (CRP) test level greater than 150
mg/L. The eventual prognosis was mostly favorable, despite neurologi-
cal deterioration occurring in 30% of patients with severe neurological
deficits [11].

Importantly, vertebral osteomyelitis is often a secondary complica-
tion due to hematogenous spread, and manifestations of the primary
infection may initially dominate the clinical presentation. About 3-
quarters of cases are found to be associated with bacteremia, and up to
20% of cases are associated with endocarditis [31]. Therefore, a care-
ful general physical examination is essential to detect potential sources,
such as injection sites, recent urinary tract infection, or skin or soft tissue
infection. The physical examination may also find a distended bladder
due to spinal cord compression, flank pain, or pain with hip extension.
ASIs may have atypical clinical symptoms. Rarely, cat scratch disease-
associated vertebral osteomyelitis, for example, may present with at-
lantoaxial instability, torticollis, or fever [32,33].
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Diagnosis
Initial diagnostic tests

The initial assessment tests for suspected spinal infection consist of
3 parts: inflammatory markers (CRP, erythrocyte sedimentation rate
(ESR), and white blood cell count), microbiology culture (2 sets of blood
culture and serologic tests), and spine imaging (usually magnetic res-
onance imaging [MRI]). All patients with suspected spinal infection
should have baseline CRP and ESR levels collected. CRP is a critical
parameter for diagnosis and treatment monitoring due to its high sensi-
tivity for detecting inflammation and short half-life (24 hours). While a
high CRP level is not specific to any disease or organ, it can be highly
specific in diagnosing spinal osteomyelitis when coupled with positive
clinical symptoms and/or positive MRI findings. A high CRP level (>150
mg/L) [11] has also been identified as an independent risk factor for
progressing to severe neurologic deficits and has been associated with
higher mortality (when CRP >= 100 mg/L. 34 However, normal CRP
values (<= 10 mg/L) cannot rule out spinal infection [26].

In addition to CRP, serum procalcitonin level, which is sensitive in
monitoring bacterial infections such as pneumonia and sepsis, may be
a useful diagnostic biomarker in an emergency setting or for postoper-
ative spinal infection [27,35]. Trending of inflammatory markers can
be used to ensure appropriate response to antibiotic therapy over time.
Microbiological culture of blood (and urine) is the primary diagnostic
test for identifying pathogens, and samples should be cultured to detect
aerobic, anaerobic, mycobacterial, and fungal microbes. Serology tests
can provide valuable additional information due to the limitations of
traditional culture methods, which include slow or intracellular bacte-
rial growth. For instance, targeting serologic tests is important to con-
firm the presence of intracellular bacteria such as Brucella, Coxiella, and
Bartonella.

Spine MRI is considered to be the most sensitive imaging tech-
nique for diagnosing vertebral osteomyelitis and epidural abscess and
should include at least 3 images: T1-weighted, T2-weighted, and T1-
contrast enhanced [36-38]. Typical findings that are associated with
each include hypointensity of the vertebral bodies and disc with loss
of endplate definition in T1-weighted images, hyperintense disc, and
less commonly, hyperintense VB in T2-weighted or STIR images; and
contrast enhancement of the affected vertebral bodies and disc [36-38]
Additionally, MRI can help examine the progression of the disease
(such as paravertebral abscess, intraductal collection, vertebral col-
lapse), and identify other causes of inflammatory spinal pain (such as
spondyloarthropathy, neoplasia) [30,31]. In cases where MRI is con-
traindicated, computed tomography (CT), plain radiography, radionu-
clide scanning, or bone scintigraphy can be used as an alternative
imaging technique. Fludeoxyglucose (FDG)-positron emission tomog-
raphy (PET)/CT is highly sensitive for diagnosing spinal infection and
paraspinal soft-tissue infection. FDG-PET is superior to gallium (Ga-67)
imaging and bone scintigraphy (eg, Technetium-99m) in detecting soft-
tissue infections and differentiating them from degenerative arthritis.
However, the specificity of FDG-PET is considerably reduced by the pres-
ence of tumors, degenerative changes, and/or spinal implants [39-41].

Further diagnostic tests

In patients with at least 2 sets of positive blood cultures, which sug-
gests the presence of bacteria, biopsy is not necessary. However, in all
other cases, a percutaneous needle biopsy is recommended to confirm
the microbiological and histological diagnosis before starting antimi-
crobial therapy [31]. It is important to note that prior exposure to an-
tibiotics can reduce the biopsy’s accuracy, so a 14-day washout period
may be ideal before performing the biopsy. In cases of severe sepsis
or neurological deficits, empirical antibiotic therapy should be initiated
regardless of the risk of biopsy’s negative result. If the initial biopsy is
negative, a second biopsy is recommended to establish the microbiolog-
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ical diagnosis if serology from blood, urine or other target organ systems
fail to identify a causative organism. In those cases, a second biopsy can
be successful in up to 80% of cases [42,43].

The microbiological yield is highly dependent on the sites of biopsy
and affected regions. Cultures of affected soft tissues (eg, disc, epidu-
ral abscess) have higher sensitivity ranging from 65% to 90%, whereas
bone biopsies have lower sensitivity ranging from 30% to 40% [44—
47]. Biopsy samples should be sent for microbiology cultures to detect
responsible pathogens. Histological and serology tests are particularly
useful in identifying slow-growing or intracellular pathogens (eg, My-
cobacterium tuberculosis, Brucella) and/or chronic inflammation con-
ditions (eg, the presence of caseous granulomas indicating chronic tu-
berculosis).

Nucleic-acid amplification testing (NAAT) or whole genome se-
quencing (WGS) can be used to search for known but rare pathogens
for the diagnosis of atypical infections [48]. Particularly, 16S rRNA
PCR combined with culture can be useful for detecting rare pathogens
[49,50]. Unlike WGS, which matches the sample to the whole
genome of a given organism, metagenomic next-generation sequencing
(mNGS) can detect both known and unexpected pathogens in a target-
independent way [51,52]. Therefore, mNGS is especially helpful in cases
infected by atypical pathogens, when management can often be compli-
cated and prolonged [53-55].

Differential diagnosis

ASIs may exhibit a variety of symptoms, posing challenges in dis-
tinguishing them from other conditions. The absence of prior infection
signs in 30% to 70% of patients makes early diagnosis difficult [56].
The pain usually has a gradual onset and worsens at night. Neurologic
deficits are present in about a third of patients, usually in advanced
stages of the disease. Differential diagnoses should consider various con-
ditions [57].

To differentiate ASIs from a neoplastic process, the involvement of
the disc space must be considered. Although both conditions can cause
bony destruction and osteolysis, disc involvement is highly uncommon
in tumor spread but is a hallmark of infection. Thus, a well-defined ver-
tebral end plate with a normal signal within the disc suggests a neo-
plastic process. Additionally, infection-related edema tends to obscure
fat planes in the paravertebral soft tissues, whereas a neoplastic pro-
cess often leaves the fat planes intact or only partially obscured [58].
Involvement of a single VB is rare in both pyogenic infections and can
sometimes mimic tumor involvement, with evidence of marrow edema
and cortical disruption present [59]. Moreover, infective processes can
extend from the VB to involve the posterior element [60-62]. Differen-
tiating between spinal tumors and infections can be challenging, as both
conditions may present with insidious onset back pain that may worsen
at night. MR imaging and laboratory tests can often be nonspecific, re-
quiring blood cultures, open biopsy, or CT-guided percutaneous needle
aspiration biopsy to differentiate the 2 conditions reliably [63,64].

Imaging differentiation among micro-organisms

Pyogenic infections primarily affect the lumbar region, while tuber-
culous infections involve the thoracic/thoracolumbar junction. Brucel-
lar infections are more prevalent in the lower lumbar region, and fun-
gal infections primarily affect the lumbar region [65-69] In the case of
pyogenic infections, the early stage is characterized by T1 hypointen-
sity and T2 hyperintensity in the anterior aspect of the VB. In the late
stage, there is VB destruction, along with T2 hyperintensity and homo-
geneous enhancement, accompanied by adjacent VB involvement. Tu-
berculous infections exhibit 3 patterns in the early stage: para-discal
involvement with contiguous spread to adjacent VB, anterior scalloping
of VB with large subligamentous abscesses, and central involvement re-
sulting in vertebral plana deformity without intervertebral disc (IVD)
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Figure. Imaging showed a patient with a history of recurrent lumbar infection status post washout. The patient was on dalbavancin and fluconazole for MRSA
and Candida in cultures. Figure A/B: A CT scan without contrast shows the pedicles and body of the T12 vertebra exhibiting a heterogeneous, mixed lytic sclerotic

appearance with mild anterior wedging.

involvement. Late-stage tuberculous infections display variable T1 in-
tensity with bone healing and relatively preserved VB.

Brucellar infections often present with serrated margins of verte-
bral endplates without severe VB destruction. Disc space involvement
is present in all etiologies except for brucellar infections, showing
varying degrees of T2 hyperintensity and irregular rim enhancement.
Paraspinal/epidural space involvement is absent in brucellar infections,
while other etiologies demonstrate inflammation and/or small abscesses
with thick and irregular rim enhancement. Posterior elements, such as
rib heads, are typically unaffected, except in cases of tuberculous and
fungal infections. Adjacent vertebral level involvement and skip lesions
are common. Anterior subligamentous spread is uncommon, except in
tuberculous infections where it can be more extensive than the verte-
bral involvement. Adjacent vertebral level involvement is observed in
pyogenic and tuberculous infections with endplate destruction, but it is
uncommon in brucellar and fungal infections. Multilevel involvement
is infrequent, except in tuberculous and fungal infections where skip
lesions are commonly observed [65-70]. (Figure).

Micro-organisms

ASIs are caused by 3 major classes of micro-organisms: bacterial in-
fections, fungal infections, and parasitic infections. Mycobacterium tu-
berculosis was previously associated with up to 50% of patients with
spine infections, but it is no longer the most common microorganism in
developed countries [71]. Staphylococcus aureus is responsible for 20%
to 84% of spine infections, while 5% to 20% are caused by strepto-
cocci and enterococci, and less than 4% are caused by anaerobic micro-
organisms [34,72,73].

On the contrary, nontuberculous mycobacteria (NTM) have emerged
as pathogens that impact individuals with both compromised and intact
immune systems [74]. NTM encompass a diverse group of more than
150 mycobacterial species, with the exception of those classified within
the Mycobacterium tuberculosis complex and Mycobacterium leprae [75].
Human diseases resulting from NTM are classified into 4 distinct clin-
ical syndromes: chronic pulmonary disease, lymphadenitis, cutaneous
disease, and disseminated disease [76]. Disseminated NTM infection is
recognized as a fatal opportunistic disease in individuals with acquired
immunodeficiency syndrome (AIDS), leading to notable mortality rates.
The prevalence of any NTM species among people living with HIV was
determined to be 49% (96 out of 196) [77].

Furthermore, Escherichia coli is responsible for 7% to 33% of
pyogenic infections. Different organisms have associated risk factors.
For instance, the risk of spinal infection with Pseudomonas aeruginosa

is increased in patients who use intravenous drugs, while the risk of
Staphylococcus epidermidis is elevated in patients with prosthetic joint
replacements [78]. Salmonellosis affecting the spine is often observed
in children with sickle cell disease [79].

One of the more atypical etiologies of bacterial spine infections is
Brucella. Brucellosis is the most common bacterial zoonosis, with over
500,000 worldwide cases annually.[80] A majority of cases come from
endemic areas in Mediterranean countries and the Middle East.[81] Bru-
cella is often found in infected farm animals, with transmission through
animal contact. It is estimated that 2% to 54% of brucella infections in-
volve the spine, particularly in the lumbar region [82-84] Diagnosis can
be difficult, as many other etiologies that are more common can present
similarly, and thus often requires core-needle biopsy.

Another atypical culprit of bacterial spinal infection is Cutibacterium
acnes. C. acnes is anaerobic, nonspore forming, Gram-positive rod [85].
It is part of normal skin and oral flora, with heavy concentration in the
back and neck, which has been theorized as a potential reason for its
involvement in shoulder and spine pathology [86]. Reported bone infec-
tions attributed to C acnes varies, and is estimated between 2% and 18%
[87]. Studies have reported positive cultures for C acnes is disc material
from herniated discs, leading to a potential association with nucleus pul-
posus herniations [87]. Kingella kingae is a gram-negative organism that
is often implicated in spondylodiscitis in children, and is believed to be
one of the most common causes in those between the age of 4 months
and 48 months [88]. K. kingae colonizes the oropharynx, and it is theo-
rized that damage to the mucosal layer by a previous or concurrent viral
illness can lead to entry into the bloodstream and thus hematogenous
spread to IVDs [89,90]. Clinical presentation is often mild, and history
often demonstrates a recent upper respiration infection [91]. Isolation
of K. kingae is difficult, however the use of aerobic blood culture vials or
NAAT can lead to identification, as traditional culture is often negative
[14].

Fungal infections of the spine are rare and are typically caused by
opportunistic fungi in immunocompromised patients. A case series of 11
patients with fungal spine infections found that nine of eleven patients
experienced some type of immune deficiency [92]. A meta-analysis of
the literature on fungal infections of the spine found that aspergillus
and candida species were the most common fungal organisms (38.2%
and 22.9% of total patients, respectively) [25]. All other organisms were
isolated far less frequently, and included coccidioides (13.5%), Blastomy-
cosis (8.3%), Cryptococcus (6.4%), Histoplasma capsulatum (1.3%), Pseu-
dallescheria boydii (2.5), and Zygomycosis (1.3%) [25]. In patients with
spinal aspergillosis, 71.4% also had lung involvement, and 50% of the
patients had recently undergone surgery [25]. Twenty-two percent of
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patients with spinal candidiasis also had a malignancy, and 75% had
recently undergone surgery [93]. Diagnosis of fungal spine infections
requires a high index of suspicion, imaging studies, and fungal cultures.

Parasitic infections of the spine are uncommon and are typically
caused by protozoa and helminths. Patients infected with these infec-
tions often have a history of travel to endemic areas or have compro-
mised immune systems. Cysticercosis, caused by Taenia solium, is the
most common parasitic infection of the central nervous system. Infection
occurs through ingestion of parasitic eggs, allowing the parasite to travel
through the bloodstream to distal sites. Worldwide prevalence is esti-
mated to be between 3% and 6% [94]. Amongst those diagnosed with
neurocysticercosis, only 1% and 6% of patients have spinal cord involve-
ment, as leptomeningeal involvement is more common [95]. Neurocys-
ticercosis lesions may be found in the VB, may occur as drop-lesions in
the extramedullary spaces, or may present within the spinal cord itself
[96]. Schistosomiasis is an infection from the genus Schistosoma, and
affects over 230 million people worldwide [96]. It is most commonly
reported in endemic areas throughout Africa, but is also found in Asia
and South America.

Lesions affecting the spinal cord are typically caused by Schistosoma
mansoni and Schistosoma haematobium. The lower spinal cord is usu-
ally affected, with early signs including low-back radicular pain, blad-
der dysfunction, and abnormalities in deep tendon reflexes [96]. It can
present as acute myelopathy or conus medullaris syndrome [96]. Diag-
nosis is made through tissue biopsy via surgery [96]. Toxoplasmosis is
one of the most common opportunistic infections in patients with AIDS
and affects around 500 million people globally [96]. In a literature re-
view by Garcia-Garcia et al. [97], 26 cases of spinal cord toxoplasmosis
were reported, and although it is uncommon, it should be considered in
immunocompromised patients presenting with myelopathy. Echinococ-
cal disease caused by Echinococcosis granulosus is acquired through in-
gestion of eggs in dog feces. It is most common in South America, Eastern
Europe, Africa, and Western China [98]. The liver is typically affected in
the form of hydatid cysts. Spinal cord involvement is rare and typically
affects the thoracic spine [99]. Symptoms arise from compression and
are nonspecific. Diagnosis can be made by visualizing cystic lesions on
imaging.

Treatment
Nonoperative treatment

The goals of nonoperative treatment with antibiotics are to elim-
inate the infection, alleviate pain, maintain spinal stability, and pre-
vent further neurological dysfunction. This approach boasts a success
rate of approximately 90% and involves appropriate antibiotic ther-
apy with a focus on stewardship practices, pain medication, bed rest,
spinal brace immobilization, and physical therapy. During the initial
period following a confirmed infection, bed rest is recommended to
relieve pain and prevent further spinal deformity. This period should
last for 1 to 2 weeks or until pain subsides, followed by ambulation
with a spinal brace and support from physical therapy. Depending on
the level of infection, immobilization of the spine should be sustained
with a neck collar or halo-vest for cervical spine infections, an exten-
sion brace for thoracic spine infections, and a lower thoracolumbar
or lumbosacral brace for thoracolumbar or lumbar spine infections.
Empirical treatment typically involves dual administration of a third-
generation cephalosporin or fluoroquinolone plus clindamycin or van-
comycin, with another beta-lactam sometimes replacing commonly used
fluoroquinolones like ciprofloxacin.

Based on culture results, definitive therapy will be determined ac-
cording to the identified pathogen. Surgical treatment is recommended
in cases of failed non-operative treatment or worsening of the patient’s
condition after 6 weeks of conservative treatment. In serious infections,
discontinuation of antibiotic therapy is recommended for patients with
imaging evidence of progressive destruction of the spinal column or
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with progressive neurological deficits. Atypical pathogens require a spe-
cific treatment course and cannot be treated with standard empiric or
definitive therapy [100]. Fungal spinal infections, such as Candida or As-
pergillus, should be treated with appropriate antifungals, with Ampho-
tericin B being a first-line agent [101]. Azoles are alternative treatments
for patients infected with resistant strains of blastomycosis or when am-
photericin nephrotoxicity poses a significant effect on patient wellness
(refer to Table 1).

Surgical management

The management of spinal lesions through surgical intervention is
a complex process that involves several factors. The location, size, and
type of the lesion are crucial in determining the appropriate surgical
approach, ranging from minimally invasive techniques to more inva-
sive surgical interventions. Achieving an accurate diagnosis and creat-
ing a comprehensive surgical plan is critical for achieving favorable out-
comes and mitigating potential complications. There are 3 fundamen-
tal principles in managing spinal infections through surgical interven-
tion: thorough debridement of infected tissue, maintenance of adequate
blood flow to facilitate tissue healing, and preservation or restoration
of spinal stability in instances where it has been compromised [102].
Nevertheless, the recommendations regarding the surgical strategy it-
self are still controversial [103,104]. Any standard approach, including
anterior, posterior, combined, or minimally invasive approaches, can be
utilized. The choice of approach is mainly dependent on factors such as
the presence of neurological deficits, the location of the infection, and
the degree of associated bone destruction and instability [70].

The primary objectives of surgery for spinal infection are to remove
the infectious focus, identify the causative microorganism, stabilize the
affected spinal segment, and promote bone fusion. Additionally, surgery
allows for quick postoperative mobilization and more reliable treatment
of pseudarthrosis and kyphotic deformity. In cases where an epidural
abscess is present in the cervical or thoracic spine, surgery is strongly
recommended, even in the absence of neurological impairment, due to
concern for rapid progression of potential neurologic deficits. Lumbar
spine epidural abscess may be managed non-operatively, depending on
the patient’s comorbid conditions, symptoms, extent of infection, and
overall clinical status. Urgent surgical intervention is required in in-
stances of spinal cord compression and neurologic impairment, as delay
in treatment beyond 24 to 36 hours from onset of neurological deficit
may lead to worse outcomes and permanent neurologic compromise
[105-108].

When managing liquid space-occupying lesions, such as dorsally
accessible abscesses, it is feasible to use minimally invasive drainage
techniques utilizing laminotomy and irrigation. This approach provides
access to the lesion with minimal disruption to surrounding tissues,
effectively mitigating the risk of potential complications. In contrast,
solid space-occupying lesions such as granulation tissue may necessi-
tate more extensive surgical intervention. For dorsally located granula-
tion tissue, multisegmental decompression and/or resection is typically
recommended, which involves partial removal of the vertebral bone to
access and excise the lesion. Ventrally located granulation tissue associ-
ated with spondylodiscitis, on the other hand, may require corpectomy,
reconstruction, and instrumentation.

This surgical procedure entails the excision of the VB and adjacent
discs, followed by reconstruction using bone grafts and instrumentation
to stabilize the spine [38]. Epidural abscess/Empyema: Surgical drainage
has historically been recognized as a pillar in the management of spinal
epidural abscesses, especially for patients with neurological deficits
[106]. In recent years, non-surgical management has gained popularity,
particularly in patients with comorbidities [109,110]. The timing in
which abscess evacuation should be performed is unclear. Studies have
shown that early evacuation of epidural abscesses (within 24 hours) im-
proves discharge neurological grade [111]. Subdural empyema: Subdural
empyemas are medical emergencies that require urgent surgery and
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Table 1

Atypical pathogenic infections.
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Type

Micro-organism

Antibiotic choice

Duration of therapy

Clinical characteristics

Bacterial Infections

Fungal Infections

Anaerobic micro-organisms

Pseudomonas aeruginosa

Staphylococcus epidermidis

Salmonellosis

Brucella

Cutibacterium acnes

Kingella kingae

Opportunistic fungi

Aspergillus and Candida
species

Other less frequent organisms

Gram-positive (eg, Cutibacterium,
Peptostreptococcus, Finegoldia
magna)

Penicillin G or Ceftriaxone
Followed by

Rifampin and Levofloxacin or
Amoxicillin

Gram-negative (eg, Bacteroides)
Ampicillin/sulbactam

Followed by

Metronidazole

Piperacillin/tazobactam or
Meropenem

Followed by

Ciprofloxacin
Methicillin-susceptible
Nafcillin or Oxacillin [126]
Methicillin-resistant
Intravenous vancomycin or
linezolid

Susceptible

ampicillin, chloramphenicol, and
trimethoprim-sulfamethoxazole
[128]

Multi-drug resistance

Quinolones and third generation
cephalosporins [129]
Doxycycline and streptomycin (or
gentamicin)

Beta-lactams, quinolones and
rifampicin [131]

Beta-lactams, macrolides, and
tetracyclines

Aspergillus

Voriconazole

Candida spp.
Fluconazole-susceptible
Caspofungin or Anidulafungin
Followed by

Fluconazole
Fluconazole-resistant
Voriconazole

OR

Consider implant removal or
long-term suppression.
Coccidioides

Fluconazole

Blastomycosis

Amphotericin B
Cryptococcus

Amphotericin B and flucytosine
FOLLOWED BY

Fluconazole

Histoplasma capsulatum
Amphotericin B
Pseudallescheria boydii
Surgical resection
Zygomycosis

Amphotericin B34

Gram-positive (eg,
Cutibacterium,
Peptostreptococcus,
Finegoldia magna)
2-3 wk
FOLLOWED BY
4-10 wk
Gram-negative (eg,
Bacteroides)

2 wk

FOLLOWED BY
4-10 wk [125]

2-3 wk

Followed by

4-10 wk

Methicillin-susceptible
2 wk

OR

Up to 6 wk if there are
complications such as
osteomyelitis.
Methicillin-Resistant

2 wk

OR

4+ weeks if complicated
[127]

Susceptible

3-7d

Multi-Drug Resistance
5-7.d [130]

Debatable some say 4-6 wk
others says up to 12 wk [6]

2+ weeks

2-3 wk

3-12 wk with complications
such as spondylodiscitis
[132]

Aspergillus

>3 mo!3

Candida spp.
Fluconazole-susceptible
2 wk

Followed by

4-10 wk
Fluconazole-resistant
4-10 wk [125]

Coccidioides

6-12 mo'3®
Blastomycosis

>2 wk

Cryptococcus

2 wk

FOLLOWED BY

10 wk!35

Histoplasma capsulatum
>2 wk
Pseudallescheria boydii
Surgical Resection
Zygomycosis

>2 wk13®

Caused by less than 4% of spine
infections

Increased risk in patients who use
intravenous drugs

Increased risk in patients with
prosthetic joint replacements

Seen in children with sickle cell
disease

Atypical etiology; often found in
infected farm animals; involved
in 2-54% of spine infections
Anaerobic, non-spore forming,
Gram-positive rod; involved in
2%-18% of bone infections
Implicated in spondylodiscitis in
children; common in those
between 4 mo and 48 mo

Rare and typically seen in
immunocompromised patients
Most common fungal organisms

Coccidioides, Blastomycosis,
Cryptococcus, Histoplasma
capsulatum, Pseudallescheria
boydii, Zygomycosis

(continued on next page)
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Table 1 (continued)
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Type Micro-organism Antibiotic choice

Duration of therapy Clinical characteristics

Parasitic Infections Protozoa and helminths

Uncommon and typically seen in
patients with a history of travel
to endemic areas or compromised
immune systems

Taenia solium (Cysticercosis) Praziquantel 15d Most common parasitic infection
OR OR of the central nervous system;
Albendazole 7-15 d'%7 1%-6% of patients have spinal
cord involvement
Schistosoma Praziquantel 4-6 wk!38 Affects over 230 million people
worldwide; affects lower spinal
cord; may present as acute
myelopathy
Toxoplasmosis Pyrimethamine, sulfadiazine, and 6 wk'3° Common opportunistic infection
folinic acid in patients with AIDS; can affect
the spinal cord
Echinococcosis granulosus Albendazole 3-6 mo!4° Rare involvement of the spinal

cord; affects the thoracic spine;
symptoms arise from compression

Table 2
Comparison of spinal fusion techniques and outcomes.

Procedure/technique

Outcome(s)

Tricortical iliac autograft [116-118]
Structural bone allograft [119]

Structural bone graft + recombinant human bone morphogenetic protein-2
(rthBMP-2) [120-122]

Metallic implants [119]-141-146

Anterior interbody fusion using titanium mesh cage (for tuberculous spondylitis)
[123]

Anterior column reconstruction using expandable titanium cage filled with
morselized autologous bone graft (for pyogenic spondylodiscitis) [124]

Safe procedure with excellent and consistent outcomes

Alternative to tricortical iliac autograft, reduces operative time and avoids donor
site morbidity

Improved fusion rates

Safe to use in spinal infections

Solid fusion, maintenance of kyphosis correction, no recurrence of tuberculosis
infection

100% fusion rate, infection eradication

antibiotic therapy since treatment timing has been proven to be directly
tied to patient outcomes. [112] The surgical technique used will vary
according to the size of the lesion. Laminectomy at one or more levels
may be necessary, and larger laminectomies at several levels may be re-
quired [113]. Intramedullary abscess: Abscesses in this location are a rare
yet serious medical condition. Management of this condition involves
prompt diagnosis and aggressive treatment. Administration of IV antibi-
otics and early (preferably within 5 days of symptom onset) drainage
are necessary to prevent further neurological deficit [114,115].

To summarize, the recommended approach for managing spinal in-
fections depends on the location of the infection in the spine. In the
cervical spine, an anterior approach with appropriate debridement, de-
compression, and fusion with bone graft and anterior plate stabilization,
along with posterior instrumentation for multilevel intervention, is typ-
ically recommended [116]. For epidural involvement without severe
destruction of the VB, a posterior approach may be acceptable [117].
Depending on patient’s clinical status, a staged operation is reasonable,
with initial operative goal to remove infection nidus and decompress
the neural elements, with further surgical intervention delayed by days
for permanent stabilization.

In the thoracic spine, a posterior approach is recommended for
epidural involvement without anterior disc or bony destruction, whereas
an anterior approach is reserved for mono-segmental lesions without in-
volvement of posterior elements. For extensive anterior bone destruction
and collapse with segmental kyphosis at the thoracolumbar juncture, it
is recommended to perform an anterior debridement and interbody fu-
sion in conjunction with posterior instrumentation [118].

Patients treated with a 1-stage posterior approach generally showed
good clinical outcomes, including good infection control, back pain re-
lief, kyphotic angle correction, and either partial or solid union for fu-
sion status. They also had shorter surgical times, fewer postoperative
complications, and shorter hospital stays than patients who underwent
anterior debridement with posterior instrumentation. Thus, single-stage

posterior approaches are recommended for thoracic spine infections,
especially for patients with medical comorbidities. Although anterior
approaches allow direct exposure for disc space debridement and ven-
tral column reconstruction, they have many drawbacks, including the
possibility of vascular injury, the difficulty of dura repair, and a rela-
tively high risk of intercostal muscle atrophy, pneumothorax, pneumo-
nia, pleural effusion, chylothorax, and prolonged hospital stays, espe-
cially in the setting of thoracotomies for access to midthoracic spine
[119,120]. In cases where 2-stage procedures are necessary, initial an-
tibiotic treatment is followed by a second-stage posterior instrumenta-
tion and fusion procedure with internal fixation [102]. For monoseg-
mental spondylodiscitis with moderate anterior bone involvement and
minimal kyphosis deformity, a posterior lumbar interbody fusion is rec-
ommended.

Minimally invasive spine surgery (MISS) has had a significant im-
pact on the management of spinal infections, offering a range of promis-
ing benefits for patients. In certain medical centers, the thoracoscopic
approach has proven to be an effective method for treating spinal in-
fections located in the thoracic segment. In patients with single-level
thoracolumbar pyogenic spondylodiscitis and high functional demands,
percutaneous screw rod instrumentation has been described as an alter-
native to bracing [121,122], or as a standard procedure after anterior
debridement [70]. Additionally, percutaneous drainage of paravertebral
and intradiscal abscesses has been reported as an alternative to surgery
[123].

Fusion with instrumentation after infection

There are various surgical procedures available for treating spinal
infections, each tailored to the specific needs of the patient. Patients
with pyogenic discitis and vertebral osteomyelitis may be treated with
a single-stage debridement, arthrodesis, and internal fixation, using both



G.A. Gonzalez, G. Porto, E. Tecce et al.

anterior and posterior approaches. Autologous grafts are preferred for
arthrodesis, but allografts may also be used [102].

The use of bone grafting in spinal surgeries has evolved over time,
with different techniques and materials being developed to improve out-
comes. Tricortical iliac autograft, a classical bone grafting technique,
is recognized as a safe procedure with consistent and excellent out-
comes, and is the gold standard to optimize bony fusion [124-126].
An alternative to this technique is the use of structural bone allograft,
which reduces operative time and avoids donor site morbidity [127].
Recent publications have shown that combining structural bone graft
with recombinant human bone morphogenetic protein-2 (thBMP-2) can
improve fusion rates [128-130] rhBMP-2 has the potential risk profile
of seroma accumulation, radiculitis and wanted cell growth, therefore
patients with history of cancer, CSF leaks, or undergoing cervical or
thoracic spine operations, should be specially counseled on the risks of
using this product.

Metallic implants, which were previously a concern due to the po-
tential risk of introducing hardware into an infected area, have been
demonstrated to be safe for use in spinal infections. Several studies
have reported positive outcomes with the use of metallic implants, in-
cluding titanium mesh cage for anterior interbody fusion in tuberculous
spondylitis [131] and expandable titanium cage filled with morselized
autologous bone graft for anterior column reconstruction in pyogenic
spondylodiscitis, resulting in solid fusion, maintenance of kyphosis cor-
rection, and infection eradication [132]. (Refer to Table 2.)

Conclusions

ASIs pose a significant health threat, resulting in both morbidity and
mortality. The clinical presentation of these infections can be subtle,
and initial radiographs may not fully depict the extent of the problem,
leading to false reassurance. Effective treatment protocols require the
involvement of a multidisciplinary team of physicians, including infec-
tious disease specialists, neuroradiologists, and spine surgeons. Early di-
agnosis is crucial, and a high level of clinical suspicion is essential. These
measures are vital for improving long-term outcomes and preventing
permanent neurological impairments. Microbiological and histological
diagnoses play a pivotal role in determining the most appropriate treat-
ment plan. Surgery is strongly recommended for patients who present
with neurological deficits or sepsis, spinal instability and/or deformity,
epidural abscesses, and cases where conservative treatment has proven
ineffective.
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