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A fatal case of pyogenic spondylitis rapidly progressing to epidural
abscess caused by a novel ST-type methicillin-susceptible Staphylococcus
aureus ST9378
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Abstract: Pyogenic spondylitis can be life-threatening; however, its diagnosis remains challenging because of the
initial presentation of nonspecific symptoms. Given the vulnerability of the infected site, patients are highly at risk
for severe complications, such as epidural abscesses or bacterial meningitis, which can considerably worsen the
prognosis. Herein, we report a case of lumbar pyogenic spondylitis initially identified through methicillin-susceptible
Staphylococcus aureus bacteremia, which subsequently progressed to an epidural abscess. The abscess rapidly
ascended to the cervical region, causing bacterial meningitis and ultimately, a fatal outcome. The strain (JARB-OU3818)
was positive for the virulence factor genes of the enterotoxin gene cluster (seg, sei, sem, sen, and seo) but negative
for the Panton-Valentine leucocidin (PVL) and toxic shock syndrome toxin-1 (TSST-1) coding genes. Additionally,
JARB-OU3818 was ST9378 belonging to the clonal complex 45 lineage. Clinicians should recognize that pyogenic
spondylitis may follow an aggressively progressive clinical course, as demonstrated by this case.
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Introduction spondylitis caused by methicillin-sensitive S. aureus,

progressing rapidly with complications such as epidural
Pyogenic spondylitis is an infection associated with abscess and meningitis and ultimately, a fatal outcome, in
a relatively high mortality rate of 5%—13% among a 77-year-old man. Multilocus sequence typing (MLST)
inpatients (/-5). The onset-to-diagnosis period for analysis of the strain revealed a novel sequence type.
hematogenous pyogenic spondylitis varies from several Informed consent to publish this paper was obtained
days to several weeks (6). Cases caused by gram- from his family. This case report was conducted in
negative bacilli are generally acute, whereas those accordance with the ethical principles of the Declaration
caused by gram-positive cocci are often chronic (7). of Helsinki.

Hematogenous cases typically begin with nonspecific
symptoms (7), such as fever and joint pain, delaying the Case Report
diagnosis and appropriate treatment.
Various bacteria can act as causative pathogens in A 77-year-old man with diabetes history visited our

pyogenic spondylitis, with Staphylococcus aureus being emergency department complaining of worsening pain
notably common, especially in hematogenous cases (6). in his right lower leg over 10 days. He twisted his foot
S. aureus can also cause abscess formation; in pyogenic while working as a plasterer 12 days prior, leading to
spondylitis, complications such as epidural abscesses, persistent right thigh pain. After 6 days, given the lack
psoas muscle abscesses, and sometimes, bacterial of improvement, he visited an orthopedic clinic, where
meningitis may develop. Of note, when pyogenic an X-ray revealed no bone abnormalities; thus, he was
spondylitis develops into bacterial meningitis, the merely prescribed with a nonsteroidal anti-inflammatory
mortality rate significantly increases (8). drug (NSAID). However, the pain worsened, prompting

Herein, we report a case of lumbar pyogenic a visit to our emergency department 2 days before

(47)
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admission. Initial blood tests revealed elevated
inflammatory markers, including a white blood cell count
of 11,800/mm’ and a C-reactive protein (CRP) level of
25.6 mg/dL. Chest and abdominal computed tomography
(CT) scans showed no apparent fever source and no
evident bone lysis or fractures. Blood cultures were
taken, and the patient returned home. On admission day,
blood cultures turned out to be positive for gram-positive
cocci (in 2 of 2 sets); hence, he was hospitalized for
further treatment. Upon admission, physical examination
showed no signs of conjunctival hemorrhage, abnormal
heart, or lung sounds, but he had spontaneous pain
extending from the lumbar region to the right thigh,
with marked percussion tenderness around the sacral
area. Laboratory results showed elevated inflammatory
markers (CRP: 32.38 mg/dL), renal impairment (blood
urea nitrogen, 49.7 mg/dL; serum creatinine 1.74 mg/
dL), and hyperglycemia (HbAlc, 7.7%).

Following the detection of gram-positive cocci
in blood cultures, empirical vancomycin therapy was
initiated. On day 1, the organism was identified as
methicillin-susceptible S. aureus; thus, the drug was
switched to cefazolin. Magnetic resonance imaging
(MRI) of the lumbar spine performed on day 2 revealed
high-intensity T2- and diffusion-weighted imaging
signs from thoracic (Th)6 to lumbar (L)5, indicating
an epidural abscess, as well as vertebral osteomyelitis
at L5 (Figure 1A). Nonetheless, neurological findings
remained unremarkable. Therefore, conservative
management without surgical drainage was chosen.
However, on day 4, he developed upper limb tremors.
Subsequent MRI of the head and neck revealed that the
epidural abscess extended from ThS5 to cervical (C)l1
(Figure 1B). Therefore, the orthopedic surgeons deemed
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surgical intervention inappropriate. Lumbar puncture
revealed cerebrospinal fluid (CSF) findings (cell count,
1,173/uL; glucose level, 21 mg/dL [versus blood glucose
level of 231 mg/dL]) suggestive of bacterial meningitis.
Hence, ceftriaxone was initiated, leading to gradual
improvement in inflammatory markers (CRP, 15.31 mg/
dL; CSF cell count, 483/uL by day 11). Unfortunately,
the patient developed consciousness disturbance (Japan
coma scale, III-100) on day 13 and passed away on day
14.

Pathological autopsy revealed an enlarged right
iliopsoas muscle with a bloody purulent discharge upon
incision (Figure 2A). An abscess adhered to the dorsal
meninges at the foramen magnum, with numerous
granular white spots on the arachnoid internal surface
(Figure 2B, 2C). Histologically, the iliopsoas abscess
had inflammatory cell infiltration and hemosiderin
deposition. Extensive inflammatory cell infiltration was
also observed along the dura mater, extending from
the lumbar spine to the cervical spine and brainstem,
including the medulla, pons, and cerebellum surfaces.
Of all the various sites examined by culture, only the
right iliopsoas region exhibited S. aureus growth. This
strain was named JARB-OU3818. Table 1 lists the
susceptibility test results for this strain. Meanwhile, the
heart valves and other organs had no abscess formation.

We investigated the genotype of JARB-OU3818 by
whole-genome analysis, following previously described
methods (9). The sequence type (ST) of JARB-OU3818
was defined using mlst v2.22.1 (https://github.com/
tseemann/mlst), which extracts seven housekeeping
genes (arcC, aroE, glpF, gmk, pta, tpi, and yqiL) from
the whole-genome sequence of this strain and matches
them against characterized ST number in the S. aureus

(B)

Figure 1. (A) DWI image of lumbar spine. High signal in L5 vertebral body suggested osteomyelitis, and high density area
in Tho6 to L5 suggested epidural abscess. (B) DWI image of cervical spine. High density area in C1 to Th5 suggested epidural

abscess.
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Figure 2. (A) Incision finding in right iliopsoas muscle. Bloody purulent fluid was discharged. (B) Foramen magnum finding.
An abscess adhered to the dorsal meninges. (C) Head finding. Numerous granular white spots were found on the arachnoid

surface.

PubMLST database (https://pubmlist.org.organisms/
staphylococcus-aureus/). As a result of the search, no
ST numbers were found in the PubMLST database that
matched the allele numbers of the seven genes (arcC, 10;
aroE, 14; glpF, 8; gmk, 6; pta, 1102; tpi, 3; and yqiL, 2)
of JARB-OU3818. Therefore, these seven allele numbers
of JARB-OU3818 were registered as a new ST9378.
The raw read sequence data have been deposited in
the DDBJ Sequence Read Archive under the accession
number DRR628060. We found that JARB-OU3818 had
no mecA, the methicillin resistance gene, and any other
antimicrobial resistance genes. However, it contained
virulence-factor-related genes such as the coagulase type
VIIb gene and the enterotoxin gene cluster (egc; seg, sei,
sem, sen, and seo), while Panton—Valentine leukocidin
(PVL) and toxic shock syndrome toxin 1 (7SS7-1) genes
were not detected. JARB-OU3818 was classified as
a new ST9378 type by MLST analysis and as clonal
complex 45 by eBURST analysis.

Discussion

Pyogenic spondylitis remains to be highly fatal, with
recent in-hospital mortality rates ranging between 5%
and 13% (7-5). Its diagnosis is often delayed because
of the nonspecificity of its initial symptoms, such as
fever and back pain. In some cases, the absence of
fever makes an early diagnosis even more challenging

(49)

Table 1. Susceptibility test results of JARB-OU3818

Antibiotics MIC (pg/mL) Interpretation
penicillin G 0.06 S
oxacillin <0.25 S
sulbactam/ampicillin <2 S
cefazolin <4 S
cefmetazole <4 S
imipenem <1 S
arbekacin <1 S
gentamicin <05 S
erythromycin <0.25 S
clindamycin <0.25 S
minocycline <05 S
vancomycin 1 S
teicoplanin <05 S
linezolid 2 S
levofloxacin <0.12 S
fosfomycin <8 S

MIC, minimum inhibitory concentration; S, susceptible.

(6,10). For instance, our patient presented with a
normal body temperature (36.7°C) at admission, partly
attributed to prior NSAID (loxoprofen) use for back
pain. Nonetheless, we should always consider pyogenic
spondylitis as a differential diagnosis, even in the
absence of fever. Early-stage diagnostic imaging can also
be inconclusive. For example, X-rays may not reveal
significant changes until 3—6 weeks after symptom
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onset (/0). The sensitivities of CT and MRI scans are
reportedly superior (65-75% and 82—100%, respectively)
(11). However, their limitations often lead to delayed
diagnosis, especially in emergency settings where MRI
scans are not always immediately available. Our patient
initially visited the emergency department 2 days before
admission; despite the unremarkable findings on CT,
a blood culture taken the same day returned positive,
leading to the diagnosis.

Moreover, blood cultures are crucial for pyogenic
spondylitis diagnosis, with reported positivity rates
within 38%—78% (/2,13). By identifying the causative
organism, physicians can prescribe the appropriate
antibiotics. Blood culture is also easier to perform than
other invasive sample collection procedures, such as
bone sample collection or CT-guided biopsies. Therefore,
we should actively collect blood cultures when pyogenic
spondylitis is suspected, even if the initial symptoms are
nonspecific.

Although nonoperative treatment is effective in
90% of cases (/4), surgical intervention is sometimes
necessary in patients with spinal instability, neurological
symptom deterioration, extensive bone destruction,
epidural abscess formation, conservative treatment
failure, or intractable back pain (/5-17). In our patient's
case, surgical drainage was considered because of the
presence of an epidural abscess. However, considering
the wide spread of the abscess, the orthopedic team ruled
out surgical intervention as a viable option.

Treatment with ceftriaxone seemed to be effective,
given the improved results of the blood test and CSF
findings. However, the patient's condition deteriorated
rapidly on day 12, resulting in a fatal outcome. We
conducted an autopsy to determine the extent of the
lesion. Numerous inflammatory cells infiltrated the
brainstem (cerebellum, pons, and medulla oblongata)
without bacterial presence. This inflammation seemed to
cause tissue destruction and subsequent failure of critical
life-sustaining functions.

Specific bacterial toxins, such as PVL and TSST-1,
play a role in bone infections, particularly PVL (/8). The
MSSA JARB-OU3818 strain isolated in this case was
positive for egc (seg, sei, sem, sen, and seo), which is
typically associated with gastrointestinal symptoms, but
this gene cluster was deemed less relevant to this case's
pathology.

Conclusion

This report presents a case of pyogenic spondylitis
accompanied with severe complications, including
extensive epidural abscesses and bacterial meningitis,
which progressed rapidly and ultimately resulted in a
fatal outcome. This case underscores the importance of
recognizing that pyogenic spondylitis can follow such an
aggressive clinical course.

Given the rapid progression, we investigated the

(50)

pathogenic characteristics of the causative strain.
Although JARB-OU3818 was negative for known
cytotoxic virulence genes, such as PVL and TSST-
1, it was identified as a novel ST9378. Therefore, the
strain might harbor as-yet-unidentified virulence genes,
highlighting the need for further research.

Acknowledgements

We gratefully acknowledge the contributions and support
of Motoyuki Sugai, as he supervised our study and
advised the study methods.

Funding: This work was supported by the Research
Program on Emerging and Reemerging Infectious
Diseases of the Japan Agency for Medical Research
and Development (AMED) under grant number
JP241k0108699.

Conflict of Interest: The authors have no conflicts of
interest to disclose.

References

Ziarko TP, Walter N, Schindler M, Alt V, Rupp M, Lang
S. Risk factors for the in-hospital mortality in pyogenic
vertebral osteomyelitis: A cross-sectional study on 9753
patients. J Clin Med. 2023; 12:4805.

Lang S, Fromming A, Walter N, Freigang V, Neumann
C, Loibl M, Ehrenschwender M, Alt V, Rupp M. Is
there a difference in clinical features, microbiological
epidemiology and effective empiric antimicrobial therapy
comparing healthcare-associated and community-acquired
vertebral osteomyelitis? Antibiotics (Basel). 2021;
10:1410.

Pigrau C, Almirante B, Flores X, Falco V, Rodriguez D,
Gasser I, Villanueva C, Pahissa A. Spontaneous pyogenic
vertebral osteomyelitis and endocarditis: incidence, risk
factors, and outcome. Am J Med. 2005; 118:1287.
Akiyama T, Chikuda H, Yasunaga H, Horiguchi H,
Fushimi K, Saita K. Incidence and risk factors for
mortality of vertebral osteomyelitis: A retrospective
analysis using the Japanese diagnosis procedure
combination database. BMJ Open. 2013; 3:¢002412.
Vettivel J, Bortz C, Passias PG, Baker JF. Pyogenic
vertebral column osteomyelitis in adults: Analysis of risk
factors for 30-Day and 1-Year mortality in a single center
cohort study. Asian Spine J. 2019; 13:608-614.

Chang WS, Ho MW, Lin PC, Ho CM, Chou CH, Lu
MC, Chen YJ, Chen HT, Wang JH, Chi CY. Clinical
characteristics, treatments, and outcomes of hematogenous
pyogenic vertebral osteomyelitis, 12-year experience from
a tertiary hospital in central Taiwan. J Microbiol Immunol
Infect. 2018; 51:235-242.

Lee CY, Wu MH, Cheng CC, Huang TJ, Huang TY, Lee
CY, Huang JC, Li YY. Comparison of gram-negative and
gram-positive hematogenous pyogenic spondylodiscitis:
Clinical characteristics and outcomes of treatment. BMC
Infect Dis. 2016; 16:735.

GBD 2019 Meningitis Antimicrobial Resistance
Collaborators. Global, regional, and national burden of



GHM Open. 2025; 5(1):47-51.

www.ghmopen.com

10.

11.

12.

13.

14.

meningitis and its aetiologies, 1990-2019: A systematic
analysis for the Global Burden of Disease Study 2019.
Lancet Neurol. 2023; 22:685-711.

Aziz F, Hisatsune J, Ono HK, et al. Genomic analysis
and identification of a novel superantigen, SargEY, in
Staphylococcus argenteus isolated from atopic dermatitis
lesions. mSphere. 2024; 9:¢0050524.

Berbari EF, Kanj SS, Kowalski TJ, Darouiche RO,
Widmer AF, Schmitt SK, Hendershot EF, Holtom PD,
Huddleston PM 3rd, Petermann GW, Osmon DR.
Infectious Diseases Society of America. 2015 Infectious
Diseases Society of America (IDSA) clinical practice
guidelines for the diagnosis and treatment of native
vertebral osteomyelitis in adults. Clin Infect Dis. 2015;
61:¢26-e46.

Fritz JM, McDonald JR. Osteomyelitis: Approach
to diagnosis and treatment. Phys Sportsmed. 2008;
36:nihpall16823.

Kim CJ, Kang SJ, Choe PG, Park WB, Jang HC, Jung
SI, Song KH, Kim ES, Kim HB, Oh MD, Park KH, Kim
NJ. Which tissues are best for microbiological diagnosis
in patients with pyogenic vertebral osteomyelitis
undergoing needle biopsy? Clin Microbiol Infect. 2015;
21:931-935.

Weihe R, Taghlabi K, Lowrance M, Reeves A, Jackson
SR, Burton DC, El Atrouni W. Culture yield in the
diagnosis of native vertebral osteomyelitis: A single
tertiary center retrospective case series with literature
review. Open Forum Infect Dis. 2022; 9:0fac026.
Karadimas EJ, Bunger C, Lindblad BE, Hansen ES, Hoy K,
Helmig P, Kannerup AS, Niedermann B. Spondylodiscitis.

(51

A retrospective study of 163 patients. Acta Orthop. 2008;
79:650-659.

15. Park J, Han S, Jeon Y, Hong JY. Spinal epidural abscess
as predicting factor for the necessity of early surgical
intervention in patients with pyogenic spondylitis. BMC
Musculoskelet Disord. 2023; 24:586.

16. Kurita T, Tatsumura M, Eto F, Funayama T, Yamazaki
M. Acute lumbar pyogenic spondylitis with multiple
abscesses complicated by a septic shock that required
emergency surgical open drainage: A case report. Cureus.
2023; 15:¢34844.

17. Rutges JP, Kempen DH, van Dijk M, Oner FC. Outcome
of conservative and surgical treatment of pyogenic
spondylodiscitis: A systematic literature review. Eur Spine
1. 2016; 25:983-999.

18. Pimentel de Araujo F, Monaco M, Del Grosso M, Pirolo M,
Visca P, Pantosti A. Staphylococcus aureus clones causing
osteomyelitis: A literature review (2000-2020). J Glob
Antimicrob Resist. 2021; 26:29-36.

Received January 20, 2025; Revised April 21, 2025; Accepted
May 8, 2025.

Released online in J-STAGE as advance publication May 29,
2025.

*Address correspondence to:

Takeru Inoue, Department of infectious disease, Karatsu Red
Cross Hospital, Watada 2430, Karatsu City, Saga, Japan.
E-mail: takeru.inoue1 006@gmail.com



