Infection and Drug Resistance Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Clinical Features and Treatment Differences
Among Tuberculous, Brucellosis, and Pyogenic
Spondylitis: A Cohort Study

Jiao-Jiao Shen"z’*, Rui-Xuan Yao"z’*, Ying Ye', Yu-Feng Gao', Jia-Bin Li"z, Li-Fen Hu'?

'Department of Infectious Diseases & Anhui Center for Surveillance of Bacterial Resistance, The First Affiliated Hospital of Anhui Medical University,
Hefei, 230022, People’s Republic of China; 2Anhui Province Key Laboratory of Infectious Diseases & Institute of Bacterial Resistance, Anhui Medical
University, Hefei, 230022, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Jia-Bin Li; Li-Fen Hu, Email lijiabin@ahmu.edu.cn; hulifen@ahmu.edu.cn

Purpose: There was an increasing incidence of spinal infections. This study aimed to compare and contrast the clinical characteristics
and treatment regimens for diverse types of spondylitis and to provide guidance for clinicians to make timely diagnosis and treatment.
Patients and Methods: One hundred and twenty-five patients with spinal infections admitted to the First Affiliated Hospital of
Anhui Medical University from October 2019 to December 2024 were recruited. The patients were classified as having tuberculous
spondylitis (TBS), brucellosis spondylitis (BS), or pyogenic spondylitis (PS). The patient’s treatment regimen and course were
dynamically followed up during hospitalization and after discharge. Comparisons of clinical characteristics and treatment among
the three groups were performed by SPSS 26.0 and GraphPad Prism 10 statistical software.

Results: The proportion of male patients was greater than female patients (65.00% vs 35.00%). Fever accompanied by pain was more
prevalent in the BS and PS groups than in the TBS group (P=0.003). Compared with the TBS and BS groups, the PS group had the
shortest duration from symptom onset to hospitalization (P<0.001). Sepsis, invasive manipulation, elevated inflammatory markers,
psoas abscesses, and the involvement of three or more vertebraec were significantly associated with the PS. In this study, the median
duration of treatment was 77 weeks for TBS, 19 weeks for BS, and 13 weeks for PS. Adverse drug reactions (ADRs) should be
monitored during treatment. Our results indicated that omadacycline and contezolid exhibited remarkable efficacy in the treatment of
spinal infections.

Conclusion: Patients of spinal infections with diverse etiologies presented varied clinical features and risk factors, the treatment
should be individualized. Due to the long course of treatment, ADRs need to be monitored during treatment, and newer drugs such as
omadacycline and contezolid are efficacious and have favorable safety profiles.
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Introduction

Spinal infectious diseases are caused by pathogenic microorganisms invading the spine and surrounding tissues, with
incidence of 0.5 to 2.5 cases per 100,000 people.' Population aging, high prevalence of chronic diseases as hyperten-
sion and diabetes, and more invasive medical procedures have contributed to the incidence of spine infection.*> On the
basis of their pathogenetic characteristics, spinal infectious diseases can be classified into specific and nonspecific
infections. Specific spinal infections are caused primarily by special pathogens, such as Mycobacterium tuberculosis
(MTB), Brucella spp., and fungi (eg, Candida spp. and Aspergillus spp). Nonspecific spinal infections, also known as
pyogenic spondylitis (PS), are typically caused by common bacteria, with Staphylococcus aureus being the most
common.®® Owing to the insidious onset of symptoms and the high overall prevalence of back pain in the general
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population, spinal infectious diseases are often diagnosed with a delay of 2-6 months,
misdiagnosis.'?

The primary objectives of treatment are to eradicate the infection, alleviate pain, and restore the structure and
function of the spine. Conservative treatment is the first-line approach. If the pathogen is unknown, broad-
spectrum antibiotics should be used for empirical treatment. Commonly used drugs for tuberculous spondylitis
(TBS) with a clear pathogen are isoniazid, rifampicin, pyrazinamide, and ethambutol. The WHO recommends
a 9-month course of antituberculosis treatment for bone and joint tuberculosis, whereas Chinese experts recom-
mend a 12- to 18-month course of antituberculosis treatment for bone and joint tuberculosis.'* Different combina-
tions of antimicrobial drugs are used to treat brucellosis spondylitis (BS), with the gold standard treatment being
rifampin, doxycycline, streptomycin, tetracycline, and ofloxacin, which are administered over a treatment period of
approximately six months.'>'® With regard to PS, the effectiveness of rifampicin combined with B-lactams,
ciprofloxacin, and vancomycin for the treatment of Staphylococcus aureus infections has been emphasized.
A study involving 359 participants demonstrated that the efficacy and safety of a 6-week antibiotic regimen for
PS were comparable to those of a 12-week regimen.'” However, the duration of treatment for spinal infections
varies greatly among patients on the basis of individual characteristics. There is ongoing debate about the optimal
duration of treatment.

Current studies are mostly limited to case reports and specific pathogens.*'®'* Delayed diagnosis and treatment,
uncertain treatment duration, and drug side effects of spinal infections warrant attention.®?°*> We therefore conducted
a case—control study to identify unique signatures in clinical characteristics and treatment regimens for diverse types of

spondylitis and to provide guidance for clinicians to make timely diagnosis and treatment.

Materials and Methods

Research Subjects and Data Collection

We collected data from patients with spinal infectious diseases admitted to the First Affiliated Hospital of Anhui
Medical University from October 2019 to December 2024. The following data were obtained from the cases: age,
sex, clinical manifestations, white blood cell count (WBC), C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR), risk factors for spinal infections, imaging findings, and treatment regimens. Patients with spinal
infections were also followed up to understand their course of treatment and prognosis. This research protocol
adheres to the principles outlined in the Declaration of Helsinki. This study was approved by the Biomedical
Ethics Committee of Anhui Medical University (approval no. PJ20250641). The ethics committee waived the
requirement for informed consent, as this was a retrospective study. We ensure the anonymity and confidentiality
of the data.

Clinical Diagnosis Criteria

The diagnostic criteria for TBS included the following:'***

(1) clinical manifestations such as low-grade fever, night
sweats, and localized chronic pain; (2) results of imaging tests such as computed tomography (CT) or magnetic
resonance imaging (MRI) that are suggestive of spinal infection; (3) a history of previous tuberculosis or close contact
with a patient who has open tuberculosis; (4) a positive PPD test or T-spot test (or both positive); and (5) effective
antituberculosis treatment. Criteria for the diagnosis of BS included the following:'? (1) the presence of clinical signs
such as severe pain in the spinal region with fever; (2) positive imaging findings of the spine; (3) the presence of
a previous epidemiologic history or history of exposure to the patient; (4) serum Brucella tubular agglutination titers >1/
160 or positive Brucella blood cultures; and (5) a positive blood culture or a positive blood count. The diagnostic criteria

122425 (1) the presence of clinical signs such as high fever and pain in the spinal region; (2)

for PS included the following:
positive findings on spinal imaging; (3) laboratory indices such as elevated white blood cell count (WBC), C-reactive
protein (CRP) level, and erythrocyte sedimentation rate (ESR) or positive bacterial culture; and (4) the exclusion of TBS

and BS.

6378 https: Infection and Drug Resistance 2025:18



Shen et al

Clinical Cure Criteria

Clinical cure criteria of patients with spinal infections included: 1) Disappearance of clinical symptoms and signs: no
fever or back pain, 2) Subdued inflammatory indicators: white blood cell count, CRP level, and the ESR returned to
normal, 3) Improvement in imaging of the involved vertebrae: later follow-up imaging suggests regression or stabiliza-
tion of the destruction associated with the spinal infection compared with baseline imaging.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: patients must be over the age of 16 years; the primary spinal disease must be
caused by infection; and a clinically confirmed diagnosis of tuberculous spondylitis, brucellosis spondylitis, or non-
specific suppurative spondylitis must be in place. The exclusion criteria were as follows: patients with spinal infections
for which the pathogen is unclear, patients with spinal tumors that are complicated by infection, and patients with spinal
disorders that are degenerative and inflammatory.

Statistical Methods

SPSS 26.0 statistical software and GraphPad Prism 10 software were used for statistical analysis, data processing, and
chart creation. Normally distributed data are presented as the mean + standard deviation. Independent sample t tests were
used for comparisons between two groups. Nonnormally distributed data are expressed as medians (interquartile ranges),
and the Mann—Whitney U-test or Kruskal-Wallis test was used for intergroup comparisons. Categorical variables are
expressed as case numbers (n) and percentages (%), and differences were tested using Pearson’s chi-square test and
Fisher’s exact probability test. For pairwise comparisons, Bonferroni correction was applied to adjust the P values, with
a significance level of o = 0.05. We considered a P value <0.05 to indicate statistical significance.

Results

Characteristics of Study Participants
As shown in Figure 1, during the period from October 2019 to December 2024, a total of 196 patients were diagnosed with
spinal infectious diseases in the Department of Infectious Diseases at the First Affiliated Hospital of Anhui Medical

Patients with clinically diagnosed spinal
infectious diseases at the First Affiliated
Hospital of Anhui Medical University from 2019
to 2024(n = 196)

Can the pathogen be Exclude patients
identified? (n=71)

Include patients
(n=125)

Tuberculous Brucellosis Pyogenic
spondylitis(n = 40) spondylitis(n = 46) spondylitis(n = 39)
End of Lost to Still under End of Lost to Still under End of Lost to Still under
Death Death Death
follow-up follow-up (n=2) follow-up follow-up follow-up (n=1) follow-up follow-up follow-up (n=0) follow-up
(n=16) (n=4) (n=18) (n=33) (n=9) (n=3) (n=34) (n=5) (n=0)

Figure | Flow diagram of patient recruitment and exclusion criteria.
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Brucella (n=46)

Mycobacterium tuberculosis (n=40)
Staphylococcus aureus (n=22)
Escherichia coli (n=6)

Klebsiella pneumoniae (n=6)
Bacteroides fragilis (n=2)
Haemophilus influenzae (n=1)
Salmonella (n=1)

Streptococcus (n=1)
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Figure 2 Pathogens of spinal infections.

University. Among them, 125 patients with a pathogen diagnosis were included in the study. Mycobacterium tuberculosis
was identified in 40 cases (32%), Brucella in 46 cases (36.8%), and other gram-negative bacteria in 16 cases (12.80%),
primarily Escherichia coli (4.8%), Haemophilus influenzae, and other species. Gram-positive bacteria accounted for 23 cases
(18.40%), with Staphylococcus aureus being the predominant species (17.60%), and other pathogens, including streptococci
(Figure 2). The patients were divided into TBS (40), BS (46), and PS (39) groups on the basis of the causative pathogens.

Among the 125 patients, the median age was 60.00 (IQR 52.00-69.00) years, and 81 patients (65.00%) were male.
The median ages of the patients were 66.50 (IQR 55.25-73.50), 57.00 (IQR 51.75-63.25), and 62.00 (IQR 55.00-71.00)
years, with 65%, 65.22%, and 64.10% male, in the TBS, BS, and PS groups, respectively. Patients with TBS were
significantly older than patients with BS, as shown in Figure 3A. Although the proportion of male patients was greater
than that of female patients in all three groups, no significant differences were observed (P=0.994).

Fever and pain were the most common clinical manifestations in patients with spinal infections. Among the
patients included in this study, 84 (67.20%) presented with fever, and 111 (88.80%) presented with pain. Fever was
observed in 21 (52.50%), 33 (71.74%), and 30 (76.92%) patients in the TBS, BS, and PS groups, respectively. Fever
was significantly more common in patients with PS than in those with TBS (76.92% vs 52.50%; P = 0.034). Pain was
present in 32 (80.00%), 43 (93.48%), and 36 (92.31%) patients with TBS, BS, and PS, respectively. We found that
more than 80% of patients with spinal infections experienced pain, without significant differences in the frequency of
pain between the groups (P = 0.100). The occurrence of fever with pain was significantly greater in both the BS
(67.39% vs 35.00%; P = 0.003) and the PS (69.23% vs 35.00%; P = 0.002) groups than in the TBS group, as shown in
Table 1.

The incidence of sepsis and a prior history of invasive spinal procedures was significantly higher in the PS group than
TBS group and BS group (P < 0.05). The median time from symptom onset to hospital admission was 60.00 days
(30.00-90.00), 60.00 days (30.00-90.00), and 20.00 days (10.00-30.00) in the TBS, BS, and PS groups, respectively.
With respect to the duration from symptom onset to hospitalization, patients with PS had a shorter duration than those
with TBS and BS, as shown in Figure 3B. Similarly, the treatment duration was shorter in patients with PS than in those
with TBS and BS, as shown in Figure 3C.

Laboratory test results revealed significant differences in white blood cell count (WBC), C-reactive protein (CRP),
and erythrocyte sedimentation rate (ESR) among the three groups of patients. The PS group had a higher WBC than the
TBS group [9.56 (7.18, 13.22) vs 6.86 (5.53, 8.69), P < 0.05] and the BS group [9.56 (7.18, 13.22) vs 6.04 (5.33, 8.71)].
The levels of CRP and ESR in the PS group were significantly higher than those in the TBS group [78.82 (34.18, 132.61)
vs 35.98 (13.19, 70.32), 77.00 (58.25, 95.00) vs 53.00 (28.00, 73.00)] and the BS group [78.82 (34.18, 132.61) vs 39.67
(18.80, 57.44), 77.00 (58.25, 95.00) vs 55.00 (37.25, 76.50)], as shown in Table 1 and Figure 3D-F.

6380 https: Infection and Drug Resistance 2025:18



Shen et al

%k %k %k k

| Kk ns | | ns I %k %k kk ns

|
100 . 800 . | 800
: . 8 4004 - 2 .
; 5T 00N S 6004 .
- sofa: gg 100} = -
e T 2 S oege0 coomoosn . o 5
: | £ + E M ,
o god pn E2 5 400 | ¢ :
K . ® 2 - p . *
o . EE 50 = . .
6o 2 H .
< . £ . E 200- i i
02 g Hy
S B - = . = i
H - b il I T
0 T 0 T T 0 T T T
TBS TBS  BS PS TBS BS PS
*k
ns
30 400 200-
— . 300 150
< 20 I £
2 . 3 . £
e . £ 200- . .o £ 1004
Q . . 1. b &
=104 o 2eds o w
’T%:‘ o I!- 50—
0 0

I
TBS BS PS

Figure 3 Comparison of clinical parameters among TBS, BS and PS groups. (A) Scatter plots of age levels in TBS, BS and PS groups, respectively. (B and C) Scatter plots of
days from symptom onset to admission and treatment duration in TBS, BS and PS groups, respectively. (D—F) Scatter plots of plasma levels of WBC, CRP, and ESR in TBS, BS
and PS groups, respectively. *p-value < 0.05; **p-value < 0.01; ***p-value < 0.001; ****p-value < 0.0001.

Abbreviations: TBS, tuberculous spondylitis; BS, brucellosis spondylitis; PS, pyogenic spondylitis; WBC, white blood cell count; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate; ns: not significant.

Image Characteristics

The three groups exhibited analogous imaging findings, which included narrowing of the intervertebral space, pointed
osteophytes, paraspinal abscesses, psoas abscesses, soft tissue swelling, and nerve root or spinal cord compression as
shown in Tables 2 and 3. The incidence of narrowed intervertebral spaces was highest in the BS group (45.65%),
followed by the TBS group (30.00%), and lowest in the PS group (20.51%). The incidence of psoas abscess in the PS
group was significantly higher than that in the TBS group (28.21% vs 7.50%, P=0.016) and the BS group (28.21% vs
6.25%, P=0.007). Thoracic spine involvement was significantly more frequent in both the TBS group (35.00% vs 6.52%;
P=0.001) and the PS group (33.33% vs 6.52%; P=0.002) than in the BS group. The frequency of lumbar involvement was
significantly greater in the BS group than in the TBS group (91.30% vs 65.00%, P=0.003). Involvement of three or more
vertebrae was significantly more common in the PS group than in the TBS group (48.72% vs 20.00%; P=0.007) and the
BS group (48.72% vs 19.57%; P=0.016).

Treatment and Prognosis

Among the 40 patients with TBS, 35.00% (14/40) received five-drug anti-TB therapy, and 9 (22.50%) received four-drug
anti-TB regimens. The mean duration of the five-drug treatment was 547.75 days, and the mean duration of the four-drug
treatment was 424.80 days. Although there was a difference in the treatment duration, it was not statistically
significant. Notably, in this study, an elderly male patient with spinal tuberculosis with paraspinal abscesses and bone
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Table | Baseline Characteristics of the Study Participants

TBS Group (n = 40) BS Group (n=46) PS Group (n=39) P Value®
Clinical characteristics, symptoms or signs
Ages, median (range) 66.50 (55.25, 73.50) 57.00 (51.75, 63.25) 62.00 (55.00, 71.00) 0.005
Male, n (%) 26 (65.00%) 30 (65.22%) 25 (64.10%) 0.994
Fever, n (%) 21 (52.50%) 33 (71.74%) 30 (76.92%) 0.049
Pain, n (%) 32 (80.00%) 43 (93.48%) 36 (92.31%) 0.100
Fever with pain, n (%) 14 (35.00%) 31 (67.39%) 27 (69.23%) 0.003
Laboratory parameters, median (range)
WBC (10°/L) 6.86 (5.53, 8.69) 6.04 (5.33,8.71) 9.56 (7.18, 13.22) 0.001
CRP (mg/L) 35.98 (13.19, 70.32) 39.67 (18.80, 57.44) 78.82 (34.18, 132.61) 0.006
ESR (mm/h) 53.00 (28.00, 73.00) 55.00 (37.25, 76.50) 77.00 (58.25, 95.00) <0.001
Risk factors, n (%)
Malignancy/immunodeficiency 4 (10.00%) 3 (6.25%) 0 0.152°
Long-term use of hormones 1 (2.50%) 0 1 (2.56%) 0.535°
Cardio-cerebrovascular diseases 16 (40.00%) 12 (26.09%) 13 (33.33%) 0.389
Diabetes mellitus 4 (10.00%) 9 (19.57%) 10 (25.64%) 0.177
Sepsis 4 (10.00%) 2 (4.35%) 27 (69.23%) <0.001
Spinal invasive procedures 8 (20.00%) 4 (8.70%) 12 (30.77%) 0.031
Course, median (range)
Days from symptom onset to admission (days) 60.00 (30.00, 90.00) 60.00 (30.00, 90.00) 20.00 (10.00, 30.00) <0.001
Treatment duration (days) 540.00 (422.50, 570.00) 136.00 (93.00, 217.50) 92.50 (68.00, 167.75) <0.001
Notes:  the difference among the 3 groups. ®: based on 10,000 Monte Carlo simulations.
Abbreviations: WBC, white blood cell count; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
Table 2 Comparison of Imaging Findings
TBS Group BS Group PS Group P Value®
(n = 40) (n=46) (n=39)
Imaging findings, n (%)
Narrowing of intervertebral space 12 (30.00%) 21 (45.65%) 8 (20.51%) 0.044
Pointed osteophytes 23 (57.50%) 35 (76.09%) 28 (71.79%) 0.159
Paraspinal abscess 13 (32.50%) 10 (21.74%) 8 (20.51%) 0.389
Psoas abscess 3 (7.50%) 3 (6.25%) 11 (28.21%) 0.009
Soft tissue swelling 14 (35.00%) 24 (52.17%) 19 (48.72%) 0.521
Nerve root/spinal cord compression 4 (10.00%) 4 (8.70%) 8 (20.51%) 0.237
Extent of spinal Involvement, n (%)
Cervical vertebrae 1 (2.50%) 2 (4.35%) 2 (5.13%) 0.866
Thoracic vertebrae 14 (35.00%) 3 (6.52%) 13 (33.33%) 0.001
Lumbar vertebrae 26 (65.00%) 42 (91.30%) 31 (79.49%) 0.011
Sacral vertebrae 3 (7.50%) 4 (8.70%) 4 (10.26%) 0.712
2 Vertebrae or less 32 (80.00%) 37 (80.43%) 20 (51.28%) 0.004
3 Vertebrae or more 8 (20.00%) 9 (19.57%) 19 (48.72%) 0.010

Notes: % difference among the 3 groups.

Table 3 Intergroup Comparison of Vertebral Involvement

TBS vs BS | TBS vs PS | BS vs PS
Thoracic vertebrae 0.001 1.0 0.002
Lumbar vertebrae 0.003 0.210 0.134
2 Vertebrae or less 0.960 0.007 0.004
3 Vertebrae or more 0.781 0.007 0.016
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destruction underwent surgical treatment, and he had the longest course of continuous antituberculosis treatment, 1095
days. There were two deaths among the 40 patients: one 95-year-old male and one 65-year-old male with multiorgan
failure. We observed 24 (60.00%) patients whose treatment regimens included linezolid, and 4 (16.66%, 4/24) experi-
enced adverse drug reactions (ADRs) after 1-2 weeks of linezolid dosing. This included 2 gastrointestinal reactions
(8.33%, 2/24) and 2 cases of myelosuppression (8.33%, 2/24). After switching to contezolid, three patients showed
significant improvement in gastrointestinal reactions and myelosuppression compared with their previous linezolid
regimen and thus were maintained on contezolid therapy. In addition, other drug-related ADRs included 2 cases of
elevated blood pressure due to rifampicin, 1 case of hyperuricemia due to pyrazinamide, and 1 case of severe
gastrointestinal reaction.

In the BS group, a combined antimicrobial regimen based on tetracyclines was used in all 46 patients. Four patients
received dual therapy, 37 underwent triple therapy, and 5 required quadruple therapy because of inadequate fever and
pain control. The treatment regimens of tetracycline plus rifampicin and second/third-generation cephalosporins were
given to 50.00% of the patients. Tetracycline treatment included minocycline in 38 patients, doxycycline in 4 patients,
and omadacycline in 4 patients. Omadacycline was used because of persistent high fever with unrelieved low back
pain in 4 patients who initially received minocycline, and the change resulted in a significant improvement in clinical
symptoms, such as pain and fever. Among the BS patients, 91.3% (42/46) received triple or more antimicrobial regimens,
with a median treatment duration of 136 days (IQR 93-217.5). In this study, two patients had a course of treatment of
more than 1 year, one 50-year-old woman with osteomyelitis and lesions involving adjacent ribs and soft tissues
recovered with a treatment duration of 416 days, the other 51-year-old man with diabetes mellitus who had lesions
involving the intervertebral discs recovered after the treatment duration of 381 days.

Treatment regimens in the PS group varied depending on the pathogens. The PS group as a whole was dominated by
single- or two-agent anti-bacteria regimens (89.74%, 35/39), with a median duration of treatment of 92.50 days (IQR
68.00—167.75). For patients with gram-positive bacterial infections, the mean treatment duration was 94.55 days, while
for those with gram-negative bacterial infections, it was 129.64 days. However, there was no statistically significant
difference in the duration of therapy between the two groups (p=0.462). The main causative agent in this group was
Staphylococcus aureus (56.41%, 22/39), and the most common treatment regimen was linezolid in combination with
rifampicin for anti-infection (31.82%, 7/22). One patient was switched to omadacycline because of intolerance of
gastrointestinal reactions to linezolid. Among the 6 patients with Klebsiella pneumoniae infection, 2 had their antibiotics
adjusted to omadacycline for persistent fever, the temperature returned to normal after 3 days of omadacycline use.
A typical case involved an elderly woman with a urinary tract infection from Haemophilus influenzae that led to
bacteremia, which then spread to cause spinal infection. After 8 days of treatment with omadacycline and levofloxacin,
she had significant relief from lumbar pain.

Discussion

In the present study, we characterized the clinical characteristics and treatment regimens of TBS, BS, and PS. Results
showed that PS is more commonly associated with sepsis, invasive manipulation, elevated inflammatory markers, psoas
abscesses, and involvement of three or more vertebral bodies compared to TBS and BS. Furthermore, treatment strategies
26729 this study found
a male-to-female ratio of 1.84:1, with an average age of 61.83 years. Unlike the study by Hajar et al,?’ the patients in the

demonstrate individualised differences across various spondylitis subtypes. As in previous studies,

TBS group in the present study were the oldest.

Spinal infectious diseases typically present with nonspecific back and neck pain as the earliest symptom.*°>? In our
study, pain was reported by almost all the patients. Fever occurred in more than half of the patients, with the PS group
exhibiting the highest prevalence. Therefore, pain in the affected area should not be ignored, regardless of the presence or
absence of fever. Notably, the incidence of symptoms of fever with pain was significantly greater in the PS and BS
groups than in the TBS group in this study. The proportion of patients with combined sepsis and invasive spinal
manipulation was significantly greater in the PS group than in the other two groups, and the time from symptom onset to
consultation was the shortest. Therefore, in the presence of susceptibility factors, combined with low back pain and fever,
physicians should promptly consider the possibility of spinal infection.
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Magnetic resonance imaging (MRI) is the preferred method for detecting spinal infection, which showed that the
lumbar spine region is the most affected area.>* In this research, more than 90% of the patients in the BS group had
involvement of the lumbar spine, which was consistent with the results of a study in Saudi Arabia.”” A recent study
revealed that the presence of a lumbar major muscle abscess is an important predictor for differentiating TBS from BS.*
However, in our cohort, psoas abscess occurred most commonly in the PS group. In contrast to reports by Turunc et al
and Waheed et al,’®>” our data demonstrated significantly elevated peripheral blood WBC, CRP, and ESR levels in the
PS group compared with those in the TBS and BS groups, which helped in making the pathogenetic diagnosis of spinal
infection.

According to relevant studies, conservative management successfully treats the infection and alleviates pain in
approximately 90% of cases.*® #° In the present study, a combination of drugs was the main treatment in all groups.
In the TBS group, most patients received a standard quadruple anti-TB regimen as baseline therapy. Notably, more than
half of the tuberculous spondylitis patients in our cohort were treated with linezolid combined with other agents.
Although linezolid is essential for the treatment of multidrug-resistant tuberculosis, it is associated with myelosuppres-
sion, gastrointestinal reactions, and peripheral neuropathy, especially when it is used for long periods of time.*' ** In our
study, linezolid caused gastrointestinal reactions and myelosuppression in two patients each. Symptoms improved after
switching to contezolid. Several recent case reports and prospective studies have indicated that contezolid can be an
effective alternative to linezolid without causing severe hematological toxicity or peripheral neuropathy, which is
consistent with our findings.***’

In our study, more than 90% patients in the BS group received >3 combinations of drugs. While the WHO guidelines
recommend doxycycline plus aminoglycosides or doxycycline plus rifampicin,*® relevant studies have shown an
infection recurrence rate of 59.3% in patients treated with the doxycycline-rifampicin regimen.*’ In a large multicenter
retrospective comparative study of 293 patients with BS, five treatment regimens consisting of three triple anti-BS
therapies and two double anti-BS therapies were used for at least 12 weeks, and the outcomes were compared.”®
Consistent with the results of the present study, there were no significant differences in outcomes among these five
antibiotic groups. Nevertheless, recent studies have suggested that many clinicians favor the use of triple anti-BS
therapy,”® which was consistent with the choice of our treatment protocol.

In our PS group cohort, 69.23% (27/39) of patients received two-drug antimicrobial therapy. With respect to the
predominant S. aureus infections, over 30% were treated with rifampicin combined with linezolid. Although rifampicin is
commonly used to treat tuberculosis, its efficacy in treating orthopedic staphylococcal infections has also been
confirmed.’'>* Notably, the rifampicin—fluoroquinolone combination constitutes an established oral regimen for staphy-
lococcal bone infections in Europe.'”> In the present study, omadacycline, a new and highly publicized agent, was used
to treat both BS and PS. Omadacycline has a broad spectrum of antimicrobial activity against a wide range of clinical
pathogens, including gram-positive, gram-negative, and atypical pathogens and multidrug-resistant isolates, as well as
overcoming resistance to tetracycline.’® Notably, a study has demonstrated 80.0% treatment success rates for bone/joint
infections with omadacycline.”” The combination of omadacycline with rifampicin has emerged as a promising alter-
native for treating patients with MRSA osteomyelitis.”*>® The results of the present study also confirm that oral
omadacycline can be used to treat these conditions with a low incidence of adverse effects.

The optimal duration of antibiotic therapy for treating spinal infections is highly controversial.”® Recommendations
for the treatment of spinal infections endorsed by international guidelines include minimum durations of 6 weeks,
12 weeks, and 9 months for PS, BS, and TBS, respectively.12’60 However, real-world studies have shown that the treat-
ment course often exceeds these guidelines. One study from southern Tunisia reported a median treatment duration for
BS of 24 weeks, with a range of 3—13 months, and the duration varied considerably according to the clinical response and
complications.®' In our study, the median treatment duration for BS was 19 weeks, with a range of 1.5 to 13 months.
With respect to TBS, 145 patients received medication for 18 months in a study that included 863 patients, which is
consistent with the results of our study.®* Patients in the PS group appeared to require shorter treatment durations than
those in the TBS and BS groups did. The median duration of treatment in the PS group in this study was only 13 weeks,
which is shorter than the 17 weeks reported in Saudi Arabia. We concluded that patients’ final treatment duration needs to
be individualized according to their clinical response and complications.
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This study has several limitations. First, the sample size for spinal infections is relatively small. Second, because of
the long overall course of spinal infections, some patients were lost to follow-up, making it difficult to systematically
assess the efficacy of different treatment regimens and perform between-group difference analyses. Therefore, prospec-
tive studies with larger sample sizes should be conducted in the future to dynamically monitor the clinical outcomes of
patients and further explore treatment options for patients with spinal infections.

Conclusion

Clinicians must thoroughly understand the distinct clinical presentations and epidemiological profiles of spinal infections
caused by different pathogens. Our findings emphasize that treatment typically requires individualized regimens, making
timely and accurate etiological diagnosis fundamental for therapeutic optimization. The selection of effective and
adequate anti-infective regimens based on pathogens and patients, as well as the strengthening of follow-up management,
are essential to significantly improve patient prognosis and reduce the risk of recurrence. Future studies with larger
samples are needed to overcome current limitations and further validate optimal treatment strategies.
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