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Background: Pyogenic thoracic spondylitis is a rare but severe infection, particularly when complicated by sepsis and acute kidney
injury (AKI). Early diagnosis and precise management are essential for improving outcomes, given the limitations of traditional
microbiology detection methods in identifying the causative pathogens.

Case Presentation: A 68-year-old immunocompetent male presented with recurrent fever, fatigue, loss of appetite and initial
evidence of sepsis and AKI upon admission. With the prompt computed tomography (CT)-guided percutaneous biopsy of the thoracic
vertebrae, Escherichia coli was identified as the causative pathogen using metagenomic next-generation sequencing (mNGS). A
diagnosis of pyogenic thoracic spondylitis was then made followed by the treatment of antibiotics optimized by therapeutic drug
monitoring (TDM) techniques. With a total effective antibiotic treatment period of 7 weeks, the patient recovered without resorting to
surgical interventions.

Conclusion: This is a rare case of acute thoracic spondylitis caused by E. coli, successfully treated without surgery. This case
highlights the significant challenges in diagnosis and treatment. It underscores the value of mNGS in identifying rare infections and
emphasizes the role of TDM in optimizing antibiotic therapy, providing a reference for future cases of rare and critical infections with
fever of unknown origin.

Keywords: pyogenic thoracic spondylitis, metagenomic next-generation sequencing, mNGS, therapeutic drug monitoring, TDM,
antibiotic therapy, fever of unknown origin

Introduction

Acute pyogenic spondylitis, though rare, has seen a rising incidence in recent years.' The lumbar spine is most often
affected, followed by the thoracic spine.*> Staphylococcus aureus is the primary pathogen, though infections from Gram-
negative bacteria are also on the rise.”® Early diagnosis is challenging due to non-specific symptoms,” yet the consequences of
delayed treatment—such as neurological damage and spinal deformity—can be severe.” Conservative management of
pyogenic spondylitis primarily relies on antibiotic therapy, making early diagnosis and pathogen identification essential *'%!!
Advanced diagnostic methods, such as metagenomic next-generation sequencing (mNGS) and therapeutic drug monitoring
(TDM), can overcome the limitations of traditional approaches, demonstrating clear advantages in severe infections like
pyogenic spondylitis. mNGS allows for broad-spectrum pathogen identification in a single test, which is particularly useful
when conventional cultures fail or the pathogen is unknown, with rapid results that support early and accurate diagnosis.'?
Meanwhile, TDM optimizes antibiotic therapy by maintaining drug concentrations within therapeutic ranges, tailoring doses
based on individual pharmacokinetics to ensure both efficacy and safety.'?

14,15

Escherichia coli is commonly associated with urinary and gastrointestinal tract infections, while infections of the

thoracic spine caused by E. coli are extremely rare, especially in immunocompetent patients, with only a few reported cases.'®
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This case describes a 68-year-old male with normal immune function who experienced such an infection. His onset was very
subtle; initially, he presented with fever, fatigue, and loss of appetite, without typical symptoms like urinary frequency or back
pain. As the disease progressed, he developed mild lower back discomfort, which was also non-specific. During diagnosis and
treatment, we employed advanced techniques such as mNGS, CT-guided percutaneous thoracic vertebral biopsy, and TDM,
ultimately achieving a satisfactory clinical outcome. The successful management of this rare and critical case provides
valuable insights for the diagnosis and treatment of similar conditions in the future.

Case Presentation
Medical History

An elderly male patient was admitted to Ruijin Hospital, Shanghai Jiao Tong University School of Medicine, on March 1,
2024, with a 20-day history of recurrent fever.

The patient developed a fever (maximum temperature of 39°C) 20 days prior to admission, accompanied by chills,
fatigue, and mild loss of appetite. Inflammatory markers, including white blood cell count (WBC), C-reactive protein
(CRP), and procalcitonin (PCT) were elevated (Figure 1A—C). Interestingly, E. coli cultured on February 19 showed no
antibiotic resistance. Despite receiving various antibiotics for anti-infective treatment (Figure 1D), the urinary tract
infection improved (Figure 1E); however, the patient continued to experience recurrent fever (Figure 1F), and creatinine
levels further increased (Figure 1G). As a result, the patient was transferred to Ruijin Hospital for further evaluation and
treatment.

His medical history included hypertension, premature ventricular contractions, and thrombocytosis. He denied any
history of diabetes, cancer, tuberculosis exposure, or raw food or livestock contact. The patient was a former smoker who

quit 10 years ago. Physical examination revealed no positive findings, and there was no renal percussion pain.

Treatment and Prognosis
From March 1 to 4, the patient was treated with meropenem, and his body temperature remained normal. From March 5
to 7, fever recurred (Tmax 40°C, Figure 2A). Laboratory tests showed elevated WBC, CRP and PCT (Figure 2B-D).
Linezolid was added to cover potential G-positive bacteria (Figure 2E). Blood cultures were negative. From March 8 to
10, blood mNGS was performed on the MGISEQ-200 platform, manufactured by Beijing Genomics Institute (BGI),
which detected E. coli (Table 1). Linezolid was discontinued, and the meropenem dosage was adjusted (Figure 2E). On
March 11, chest CT revealed lung consolidation. Moxifloxacin was added to broaden coverage for potential atypical
pathogens, and the meropenem dosage was increased to enhance activity against G-negative bacteria. Serum creatinine
slightly decreased from the highest level of 360 umol/L upon admission, with a small increase thereafter, but it has
consistently remained above 300 pmol/L (Figure 2F) On March 16, the patient developed lumbar pain. MRI revealed a
soft tissue infection at T11-T12 (Figure 3a), which showed a reduction in the lesion after the anti-infective treatment on
April 9 (Figure 3b). Levofloxacin and tigecycline were added. On March 19, a CT-guided biopsy was performed. The
next day, mNGS confirmed acute pyogenic spondylitis caused by E. coli (Table 2), with resistance to third-generation
cephalosporins (Table 3). On March 22, tigecycline dosage was reduced due to gastrointestinal discomfort, and
meropenem dosage was increased following TDM results, which were obtained using High-Performance Liquid
Chromatography (HPLC) (Table 4). On March 26, biopsy results confirmed acute pyogenic spondylitis (Figure 4).
From March 29 to April 8, the patient’s temperature remained normal, gastrointestinal symptoms resolved, and mental
status and appetite improved. Creatinine levels steadily decreased (Figure 2F), while WBC declined slowly (Figure 2B).
On April 8, tigecycline was discontinued, while meropenem and levofloxacin were continued.The patient was
discharged on April 15 in stable condition.

Follow-Up
From April 15 to May 12, the patient took minocycline (100 mg PO q12h) and faropenem (0.2 g PO TID) for four weeks,
with no fever or discomfort reported. At the August follow-up, the patient had fully recovered, with normal lab results
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and resumed daily activities. A follow-up MRI of the thoracic spine was scheduled for six months to monitor for any

residual lesions.

Discussion
Pyogenic spondylitis is an infection of the vertebrae and surrounding tissues, potentially leading to spinal instability,

bacteremia, and sepsis, with mortality rates reported between 3% and 24%.'”'® Common risk factors include advanced

age, immunosuppression, diabetes, and prior spinal surgery.”® Hematogenous spread is the primary route of infection,

with S. aureus as the most frequently implicated pathogen, followed by E. coli,® primarily in lumbar. However, E. coli

involvement in thoracic spondylitis remains rare. This case report provides valuable insights into this unique clinical

entity, addressing a gap in the current body of evidence.
We conducted a thorough history-taking and noted that the patient performed sit-ups the day before symptom onset,
possibly triggering spinal injury. Initially, we suspected that a UTI caused by E. coli progressed to septicemia due to poor

infection control, allowing the bacteria to disseminate to the affected thoracic spine through the bloodstream.® However,

the exact route of E. coli transmission to the thoracic spine remains unclear and speculative. The severe infection led to a

systemic inflammatory response syndrome (SIRS), resulting in reduced renal blood flow, the release of inflammatory
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Figure 2 In-Hospital Data (A). Timeline of Body Temperature with Key Events (B). Timeline of White Blood Cell Count (WBC) (C). Timeline of C-Reactive Protein (CRP) (D).
Timeline of Procalcitonin (PCT) (E). Timeline of Antibiotic Therapy (F). Timeline of Serum Creatinine.

mediators, and tubular damage, ultimately causing acute kidney injury (AKI).?' However, the patient only presented with

fever and mild appetite loss—non-specific symptoms—and did not exhibit symptoms such as urinary frequency, urgency,

or low back pain, which delayed our recognition of a potential spinal infection. As the condition evolved, the decrease in

white blood cells in the urine suggested that the urinary tract infection was improving. Yet, the persistent fever and

progressively rising creatinine levels remained unexplained. A blood mNGS test identified E. coli, even when traditional

blood cultures remained negative, suggesting the potential utility of mNGS in overcoming limitations of standard culture

methods. On March 16, lumbar MRI confirmed a thoracic spine infection as the cause of the fever, with the diagnosis

Table | Blood mNGS Results (March 9, 2024)

Category Pathogen Type Sequence Relative
Number Abundance (%)
Bacteria Escherichia coli G- 59 15.638
Microecology Oslo Moraxella G- 12 1.646
Staphylococcus warneri G+ 4 1.176
Staphylococcus epidermidis G+ 3 0.9
Candida parapsilosis - | 0.581
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Figure 3 Imaging Examination of Thoracic Vertebral Lesions Over Time (a) Lumbar MRI (March 16) showing abnormal signals at TI| and T2 thoracic vertebrae and
paravertebral soft tissue swelling (arrow), suggesting possible infection. (b) Thoracic MRI (April 9) indicating lesion size reduction at TI| and TI2, with persistent
paravertebral soft tissue swelling (arrow).

occurring earlier than the 1-3 months typically reported in the literature.” Subsequently, CT-guided sampling of the

affected thoracic spine tissue was performed, followed by direct mNGS, which offers faster results and precise pathogen
identification compared to traditional methods. Due to the cost of conducting multiple tests simultaneously and the

Table 2 mNGS Results for Thoracic Paravertebral Tissue (March 20, 2024)

Category Pathogen Type Sequence Relative
Number Abundance (%)
Bacteria Escherichia coli G- 13613 17.9%
Viruses Torque teno virus | DNA 423 27.9%
Epstein-Barr virus | DNA 31 0.1%

Table 3 List of Antibiotic Resistance Genes From mNGS of Thoracic Paravertebral Tissue (March 20, 2024)

Name Sequence Resistance Type Suspected Association Suspected
Count Species Confidence Resistance List

blaCTX-M 11 Penicillin 3rd, generation Escherichia >95% Amoxicillin,

cephalosporin coli Cefotaxime

Notes: BlaCTX-M, referring to the beta-lactamase cefotaximase-Munich genes, specifically corresponds to the drug resistance genes
blaCTX-MI4, blaCTX-MI5, and blaCTX-M27.

Table 4 Meropenem Blood Drug Concentration Results (March 22, 2024)

Item

Result

Reference Range

Meropenem Blood Drug Concentration

4.7

mg/L

Notes: The meropenem blood concentration is relatively low. Clinical adjustment of the
dose may be required. For critically ill patients, a higher PK/PD target attainment (100% fT
> MIC) is required, meaning that the trough concentration should be 2 MIC. However, it is
not recommended for the trough concentration to exceed 64 mg/L, as this increases the
risk of adverse effects.
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Figure 4 Pathology of Thoracic Spine Tissue March 26: The tissue sample shows neutrophil and lymphocyte infiltration, abscess formation, and stromal hyaline
degeneration, indicating acute pyogenic inflammation. Red circles mark neutrophil infiltration, and blue arrows show hyaline degeneration.

limited availability of samples, we opted for mNGS and pathology, rather than performing routine cultures. This
approach is particularly valuable for rapidly detecting uncommon pathogens and antibiotic resistance genes, enabling
precise therapy (Table 3).

Despite a clear diagnosis, the patient continued to experience persistent fever and elevated infection markers, posing
significant challenges to treatment. Observing the poor efficacy of meropenem monotherapy (initially, we did not realize
the need for TDM) and the presence of resistant genes, we aimed to increase antibiotic concentrations in the thoracic
spine tissue. To prevent severe complications such as paralysis due to inadequate infection control, we added tigecycline
and levofloxacin alongside meropenem, while closely monitoring renal function.

When selecting the antibiotics, we considered factors such as drug availability. Levofloxacin was chosen for its excellent
bioavailability in bone tissue and its recommendation in clinical guidelines.”> Tigecycline was included due to its broad-
spectrum efficacy against multidrug-resistant pathogens, including E. coli, and its strong penetration into soft tissues and
infected areas.”> However, it should be noted that E. coli can develop resistance to both meropenem and tigecycline,
depending on the specific resistance mechanisms. On March 22, the patient developed gastrointestinal side effects from
tigecycline, necessitating a dose reduction. This prompted a reassessment of the meropenem dosing. Given the patient’s
impaired kidney function and the traditional treatment plan, we had initially administered an adequate dose of meropenem. To
ensure both safety and efficacy, we consulted with clinical pharmacists, who recommended using TDM for meropenem to
optimize the dosing. TDM is a crucial tool for antibiotic management in critically ill patients enabling precise dosage
adjustments to optimize treatment and minimize adverse effects.***> Achieving a higher PK/PD target (100% fT > MIC) is
essential,”® which means that the trough concentration of meropenem should meet or exceed the MIC (minimum inhibitory
concentration). Since E. coli resistant to third-generation cephalosporins may have elevated MIC values (for example, >4 pg/
mL or even >8 pg/mL),%”*® increased meropenem doses were necessary to ensure sufficient drug penetration into the thoracic
spine, where levels are lower than in plasma.*® The dosage was adjusted accordingly to enhance infection control. As a result,
the patient’s kidney function gradually improved and ultimately returned to normal.

Although there is currently no standardized guideline in the literature for the duration of antibiotic use in spondylitis,
a minimum of six weeks is generally recommended.?” In this case, after 46 days of hospitalization, the patient had
received over three weeks of effective treatment with meropenem, during which their temperature remained stable for
over two weeks, leading to a successful discharge on April 15. After discharge, the patient continued oral antibiotics for
four weeks, completing a total of 7 weeks of effective antibiotic treatment and achieving a satisfactory clinical outcome

without the need for surgical intervention.
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Conclusion
This case highlights the value of mNGS and TDM in managing acute pyogenic spondylitis caused by E. coli with AKI.
As E. coli is rare in bone and soft tissue infections, mNGS enabled rapid pathogen identification and targeted therapy,
improving outcomes. TDM optimized meropenem dosing, ensuring precise and safe treatment. This case underscores the
potential of mNGS and TDM for personalized, effective infection management.

Looking forward, there is significant potential to develop personalized treatment protocols using the combined strengths of
mNGS and TDM. Future research could focus on tailoring precision-based therapeutic strategies that address individual
needs, especially for critically ill patients, by incorporating factors like pathophysiology, infection type, and drug metabolism.
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