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SUMMARY

Background: Mycobacterial and bacterial spondylodisci-
tis require distinct therapeutic approaches. However,
microbiological diagnosis is often delayed or unavaila-
ble in resource-limited settings. This study aimed to
validate a clinical scoring system developed in a prior
retrospective cohort study in Karnataka (India) to dif-
ferentiate these aetiologies.

Methods: We conducted a retrospective cohort study of
patients with microbiologically confirmed spondylo-
discitis admitted between January 2017 and August
2024 in a tertiary care centre in Kerala, India. Demo-
graphic, clinical, laboratory, imaging, and treatment
data were compared between the two groups, and the
scoring system’s diagnostic performance was assessed.
Results: Of 151 patients with infectious spondylodisci-
tis, 73 patients with community-acquired microbiologi-
cally confirmed infection were included. Of these, 32
(44%) had mycobacterial, and 41 (56%) had bacterial

spondylodiscitis [Staphylococcus aureus (37%), Escheri-
chia coli (11%), Klebsiella pneumoniae (11%), Streptococcus
spp (4.1%), Salmonella spp (1.4%)]. The scoring system
demonstrated good diagnostic accuracy for bacterial
aetiology (AUC: 0.78; 95% CI: 0.67-0.88). Mycobacterial
cases were younger, had longer symptom duration,
lower C-reactive protein and leukocyte counts, and
more frequent vertebral height loss on imaging. The
rate of clinical improvement was similar between
groups.

Conclusions: The validated clinical scoring system reli-
ably distinguishes mycobacterial from bacterial spon-
dylodiscitis and may guide empirical management in
settings where timely microbiological diagnosis is not
feasible.

Keywords: spondylodiscitis, mycobacterial infection,
bacterial infection, clinical scoring system.

B INTRODUCTION

I nfectious involvement of the spine is associated
Corresponding author with significant long-term neurological mor-
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tuberculosis (TB), but recent reports indicate that
bacterial infections are common as well [2]. The
incidence of brucellosis, in particular, has been
increasing in Asia [3, 4]. It is essential to differen-
tiate between mycobacterial and bacterial causes
as their treatments and prognosis are starkly dif-
ferent. Microbiological diagnosis often requires
invasive procedures, and consequently, many pa-
tients are started on empirical therapies in re-
source-limited settings [5]. Incorrect empirical
choice of drugs inevitably leads to poor outcomes
and/or promotes resistance. In such a situation,
the availability of validated scoring systems that
can guide clinical decision-making will be inval-
uable. In a previous study from Karnataka, South
India, a clinical scoring system was developed to
differentiate mycobacterial from bacterial spon-
dylitis [4]. The scoring system was originally de-
veloped in 85 patients with microbiologically con-
firmed spondylodiscitis (44 tuberculosis, 41 bac-
terial). Univariate analysis was used to identify
clinical, laboratory, and histopathological param-
eters that significantly differed between tubercu-
lar and bacterial cases. Variables with high dis-
criminatory ability were selected for inclusion in
the scoring model (Table 1). Each variable was

Table 1 - A scoring system developed in the Karnata-
ka cohort to differentiate mycobacterial and bacterial
spondylodiscitis.

Parameter Category Score
Duration of illness Less than 75 days 1
(Eam2) 75 days or more
Pulmonary Present 0
tuberculosis Absent 1
Concurrent bacterial Present 1
infection at other sites Absent 0
Diabetes mellitus Present 1

Absent 0

Lumbar vertebra L1, L2 involvement 1
involvement 13,14, L5 involvement | 2
No lumbar involvement 0

Total leucocyte Count 8750 or more 1
(it G2 s Less than 8750 0
C-Reactive protein 47.6 or more 1
(gl Less than 47.6 0

assigned a certain weightage of 1 point, an empir-
ical choice aimed at maintaining simplicity and
bedside applicability. At a cutoff score of =5, the
model demonstrated an area under the receiver
operating characteristic (ROC) curve of 0.93 (95%
CI: 0.86-1.00), with a sensitivity of 75% and spec-
ificity of 91% for differentiating bacterial from
tubercular spondylodiscitis. The authors conclud-
ed that the scoring system must be validated in
another cohort. Our study’s primary objective is
to validate this previously published scoring sys-
tem, and the secondary objective is to compare
the clinical profile, radiological profile, treatment
and outcomes of patients with mycobacterial and
bacterial spondylodiscitis.

H METHODOLOGY

This retrospective validation cohort study was
conducted at a tertiary care hospital in Thiruva-
nanthapuram, Kerala, India. This centre is located
south of Manipal, Karnataka, where the scoring
system had been previously developed. The re-
cords of all patients diagnosed with infectious
spondylodiscitis admitted between January 2017
and August 2024 were screened. Those with a
community-acquired infection with a microbio-
logical confirmation were finally included. Patients
with healthcare-associated infections were not in-
cluded as they are less likely to be confused clini-
cally with tubercular spondylodiscitis. Hospi-
tal-acquired spondylodiscitis was defined as a
spinal infection in which symptoms developed
=48 hours after hospital admission or were tempo-
rally and anatomically related to an inpatient spi-
nal procedure (e.g., spinal surgery, epidural in-
strumentation) performed during the same admis-
sion. Patients with incomplete clinical or radiolog-
ical investigations were also excluded.

The sample size of the validation study was calcu-
lated based on the primary objective of validating
the clinical scoring system. Using a prevalence es-
timate of bacterial infections as the aetiology of
infectious spondylodiscitis at 51% from a previous
study in Kerala, with a precision of 15% and a 95%
confidence level, a chance of missing data of 10%,
the required sample size was determined to be 70
cases of spondylodiscitis [6]. The sensitivity (75%)
and specificity (91%) of the original scoring sys-
tem were used for the calculation [4].

The study defined mycobacterial infection as in-
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fectious spondylodiscitis, which was confirmed by
either a positive cartridge-based molecular test or
culture positivity for TB from tissue or pus sam-
ples obtained from the affected site. Bacterial infec-
tions were confirmed through monobacterial cul-
ture positivity in blood or tissue (or pus) samples
for bacterial organisms (identified by the VITEK®
2 system) in patients with spondylodiscitis.

The clinical scoring system was evaluated for its
ability to diagnose confirmed bacterial infections
as a group. Data relevant to the scoring system,
microbiological diagnoses, test details, and patient
outcomes were collected and recorded in a prede-
fined case record form. Magnetic Resonance Imag-
ing (MRI) images of the included patients were
independently reviewed by an experienced radi-
ologist, blinded to the aetiological diagnosis. A
predefined set of objective MRI findings was sys-
tematically documented for each case. The evalu-
ation included the presence of paravertebral soft
tissue enhancement, epidural abscesses, spinal
deformity (kyphosis or scoliosis), posterior ele-
ment involvement (pedicle or spinous process),
and neurological complications such as nerve root
or spinal cord compression. A reduction in verte-
bral body height greater than 25% was defined as
a significant loss of height, while disc destruction
was considered significant when more than 50%
of the disc was involved.

Data Analysis

Continuous variables were summarised using
mean * standard deviation or median (interquar-
tile range), as appropriate. Categorical variables
were presented as frequencies and percentages.
Demography, clinical features, MRI features and
outcomes were compared between mycobacterial
and bacterial infections using the independent
samples t-test or Mann-Whitney U test for contin-
uous variables and the chi-square or Fisher’s ex-
act test for categorical variables. The diagnostic
accuracy of the clinical scoring system was as-
sessed using microbiological diagnosis as the gold
standard. A receiver operating characteristic
(ROC) curve was generated to evaluate the per-
formance of the scoring system (including its
components), and the area under the curve (AUC)
was calculated to measure its overall diagnostic
ability to identify the group of bacterial spondyl-
odiscitis. Sensitivity and specificity were comput-
ed at different score thresholds. Sensitivity, speci-

ficity, positive and negative likelihood ratios of
the individual components of the scoring system
were also calculated. Statistical significance was
evaluated at a 95% confidence level, and all anal-
yses were performed using appropriate statistical
software (IBM SPSS Statistics for Windows, Version
26.0, IBM Corp). A p-value of <0.05 was consid-
ered significant.

B RESULTS

During the period considered for recruitment,
there were 151 cases of suspected infectious spon-
dylodiscitis. Out of these, 83 had a microbiologi-
cally proven infectious spondylodiscitis. Ten cases
were excluded because they were hospital-ac-
quired infections. A total of 73 patients with spon-
dylodiscitis were included, comprising 41/73
(56.2%) culture-confirmed bacterial cases (Staphy-
lococcus aureus - 27/73 [37.0%], Escherichia coli -
8/73 [11.0%], Klebsiella pneumoniae - 8/73 [11.0%],
Streptococcus spp - 3/73 [4.1%], Salmonella spp —
1/73 [1.4%]) and 32/73 (43.8%) spondylodiscitis
cases due to Mycobacterium tuberculosis. The mean
age of patients was 54.8+19.11 years, and 45/73
(61.6%) were male. A total of 26/73 (35.6%) pa-
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Figure 1 - Receiver operating characteristic curve to
predict bacterial spondylodiscitis.



306 | V.K.M. Niyas, R. Ananthanarayanan, M.P. Zunimol, et al.

tients had diabetes mellitus (DM). The median
duration of illness at presentation was 55 (IQR:
47-70) days for all participants. Thoracic involve-
ment was present in 33/73 (45.2%) patients, and
lumbar involvement was present in 43 /73 (58.9%).
At presentation, the mean total leukocyte count
was 12.646.1/mm3, and the median CRP was 53
(IQR: 22.25-89.8) mg /dL. A total of 61/73 (83.6%)

patients completed treatment and were declared
cured, while 12/73 (16.4%) were lost to follow-up.
When the scoring system was applied to the study
cohort, a cutoff>5 predicted pyogenic spondylo-
discitis with a sensitivity of 63.4% and specificity
of 75% (AUC 0.78; 95% CI: 0.67-0.88; p<0.001)
(Figure 1). Increasing the threshold to =6 im-
proved specificity to 94%, but sensitivity declined

Figure 2
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Table 2 - Diagnostic accuracy of the individual parameters used in the scoring system to predict a diagnosis of

bacterial spondylodiscitis.

Asymptotic 95%
Area Confidence Interval
Test Result Variable(s) Sensitivity Specificity LR+ LR- Under p-value

Coae Lower Upper

Bound Bound
Duration of illness (<75 days) 0.85 0.57 1.99 0.26 706 581 .831 .003
Absence of PTB 0.97 0.05 1.02 0.62 531 .396 .667 650
Concurrent bacteremia 0.24 0.81 1.24 0.94 Bl .378 .647 .856
DM 0.44 0.81 2.32 0.69 628 499 .758 .063
Lumbar involvement 0.56 0.48 1.07 0.93 545 410 .679 518
TLC (>8750/mcl) 0.91 0.29 1.28 0.31 .609 476 .743 LS
CRP (>47.6 mg/dl) 0.62 0.81 3.24 0.47 734 615 .854 .001

Abbreviations: AUC represents area under the curve; PTB is pulmonary tuberculosis; DM stands for diabetes mellitus; TLC refers to total leukocyte

count; CRP indicates C-reactive protein.
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to 32%. Lowering the cutoff to >4 raised sensitiv-
ity to 85%, though specificity decreased to 53%.
The individual performance of the components of
the scoring system has been summarised in Fig-
ure 2 and Table 2. CRP (AUC 0.734, p=0.001) and
duration of illness (AUC 0.706, p=0.003) were the
strongest individual predictors of pyogenic spon-
dylodiscitis.

Significant differences between bacterial and tu-
bercular spondylodiscitis were observed in diabe-
tes mellitus (DM), age, duration of symptoms,
TLC, and CRP levels (Table 3). Differences in sex
distribution, pulmonary TB, concurrent bacter-
emia, and vertebral involvement were not statisti-
cally significant (Table 3). Among the 54 patients
with MRI available, loss of vertebral height was
the only feature that differed significantly between
groups, being more common in mycobacterial

spondylodiscitis (47.6% vs 9.1%; p=0.001). Disc de-
struction, paravertebral soft tissue involvement
and epidural abscesses were also more common in
mycobacterial infections, though not statistically
significant. Posterior element involvement, spinal
deformity, and neurological complications were
seen across both groups, with no significant differ-
ences.

All patients with mycobacterial spondylodiscitis
were treated with a combination of isoniazid, ri-
fampicin, pyrazinamide and ethambutol. The pa-
tients with bacterial spondylodiscitis were treated
with varying durations of intravenous followed
by oral antibiotics. The duration of therapy until
the last follow-up was significantly longer in the
tubercular group (p<0.001). The treatment out-
comes were not significantly different, and there
were good outcomes in both groups (p=0.268).

Table 3 - Comparison of Clinical, Laboratory, and Treatment Parameters in mycobacterial versus bacterial spon-

dylodiscitis.

Variable TB (n=32) Bacterial (n=41) p-value
Age (years) 45.91+22.71 61.80+12.01 <0.001
Duration of Illness (days)* 90.0 (29.5-195) 21.0 (10.045.0) <0.001
Male gender 16/32 (50.0%) 29/41 (70.7%) 0.071
Pulmonary TB 2/32 (6.3%) 0/41 (0%) 0.105
Concurrent bacterial infection 0/32 (0%) 1/41 (2.4%) 0.374
Diabetes mellitus 7/32 (21.9%) 19/40 (47.5%) 0.024
Thoracic Involvement 15/32 (46.9%) 18/41 (43.9%) 0.800
L1-L2 Involvement 10/32 (31.3%) 12/41 (29.3%) 0.855
Isolated L3-L5 Involvement 9/32 (28.1%) 13/41 (31.7%) 0.741
Total Leukocyte Count (X10°/mcL) 10.6+4.3 14.2+6.8 0.011
C-Reactive protein (mg/dL)* 25.7 (10.1-50.8) 73.8 (46.2-103.5) <0.001
Disc destruction 13/21 (61.9%) 16/33 (48.5%) 0.335
Posterior element involvement 9/21 (42.9%) 12/33 (36.4%) 0.686
Spine deformity 4/21 (19.0%) 2/33 (6.1%) 0.139
Paravertebral soft tissue 18/21 (85.7%) 21/33 (63.6%) 0.077
Epidural abscess 12/21 (57.1%) 16/33 (48.5%) 0.535
Loss of vertebral height 10/21 (47.6%) 3/33 (9.1%) 0.001
Neurological complications 6/21 (28.6%) 11/33 (33.3%) 0.713
Duration of Therapy (weeks) 49.44+16.85 10.32+6.54 <0.001
Outcome (Improved) 25/32 (78.1%) 36/41 (87.8%) 0.268

Continuous variables are expressed as mean + standard deviation and compared using the independent samples t-test (equal variance assumed).
Categorical variables are presented as number/total (percentage) and compared using the chi-square test. P <0.05 was considered statistically signif-
icant. Abbreviations: TB — Tuberculosis; CRP — C-reactive protein; TLC — Total leukocyte count.

*Represented as Median with Inter-quartile range. The Mann-Whitney U test was used to compare these.
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B DISCUSSION

In this retrospective cohort of 73 patients used to
validate a previously developed scoring system,
56.2% had culture-confirmed bacterial spondylo-
discitis, and 43.8% had a mycobacterial infection.
Significant differences between the two groups
were observed in age, duration of symptoms, TLC,
CRP levels, and the prevalence of DM, as was ob-
served in the derivation cohort. Mycobacterial
spondylodiscitis was associated with a longer
illness duration, lower inflammatory markers, and
a higher frequency of vertebral height loss on MRL
The clinical scoring system demonstrated good
diagnostic performance, with an area under the
curve (AUC) of 0.78 (95% CI: 0.67-0.88). No previ-
ously published scoring system has been devel-
oped specifically to differentiate between bacterial
and tubercular spondylodiscitis at initial presenta-
tion. Existing literature has focused primarily on
imaging patterns or clinical series but lacks stand-
ardised, validated diagnostic tools for early strat-
ification. Our scoring system aims to address this
gap by combining key clinical, laboratory, and
radiological features into a simple, point-based
model. Regarding the optimal cutoff, while a
threshold of =5 demonstrated the best balance be-
tween sensitivity (75%) and specificity (91%) in the
derivation cohort, clinicians may prefer to priori-
tise sensitivity in acute settings. Given that bacte-
rial spondylodiscitis can progress rapidly and car-
ries a higher risk of bacteremia and systemic com-
plications, an empiric treatment approach is often
justified [7]. In such scenarios, using a lower cutoff
(e.g., >4) may improve sensitivity and help identi-
fy high-risk patients who may benefit from prompt
initiation of antibiotics, even in the absence of con-
firmatory microbiological results. This approach
aligns with clinical reasoning, where empiric bac-
terial coverage is typically preferred over empiric
anti-tubercular therapy due to the latter’s pro-
longed duration, toxicity, and monitoring require-
ments.

Although the original scoring system assigns
somewhat equal weightage to each parameter, we
recognise that individual variables differ in their
diagnostic performance. To explore this further,
we conducted a detailed analysis of the diagnostic
accuracy of each component. Among the compo-
nents, CRP >47.6 mg/ dL and duration of illness
<75 days emerged as the strongest individual pre-

dictors of bacterial spondylodiscitis, with AUCs of
0.734 and 0.706, respectively. Notably, CRP had a
positive likelihood ratio of 3.24, indicating a mod-
erate increase in the probability of bacterial infec-
tion when elevated. In contrast, other variables,
such as the absence of pulmonary tuberculosis
and lumbar involvement, showed lower AUCs
and minimal diagnostic impact, suggesting limit-
ed standalone utility.

Although non-tubercular mycobacteria have been
known to cause spondylodiscitis, all the cases of
mycobacterial spondylodiscitis in this series were
due to Mycobacterium tuberculosis [8, 9]. In our
study, among the microbiologically confirmed cas-
es of bacterial spondylodiscitis, Staphylococcus
spp. was the most frequently isolated pathogen
(65.8% of bacterial cases), followed by Escherichia
coli and Klebsiella pneumoniae. This finding aligns
with previous studies, where Staphylococcus aureus
has consistently emerged as the predominant
causative organism in hematogenous vertebral in-
fections [10-13]. In some regions (including South
Asia), gram-negative enteric bacilli, including E.
coli and K. pneumoniae, contribute significantly to
spondylodiscitis’s aetiological spectrum [11, 14].
Interestingly, although Brucella spp. was a signifi-
cant pathogen in the derivation cohort of the scor-
ing system (23/85, 27%), it was not identified in
any patient within the current validation cohort
[4]. This discrepancy likely reflects regional epide-
miological differences, as our cohort was derived
from a tertiary care centre serving a predominant-
ly urban population with limited exposure to bru-
cellosis risk factors. The derivation cohort served
patients from rural backgrounds with a high risk
of acquiring brucellosis. Despite this shift in aeti-
ology, the scoring system maintained its discrimi-
native performance, underscoring its robustness
and applicability across diverse clinical settings.
Patients with tubercular spondylodiscitis were
significantly younger and had a more prolonged
duration of symptoms before diagnosis, consistent
with the indolent and insidious nature of most
mycobacterial infections. Notably, the duration of
illness demonstrated a high AUC on ROC analy-
sis. In contrast, similar to previous studies, bacte-
rial cases tended to present acutely, with signifi-
cantly higher inflammatory markers, including
TLC and CRP [11]. Incidentally, a longer duration
of illness at presentation in bacterial infections has
been associated with poor outcomes in previous
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studies [12, 13]. DM was also significantly more
prevalent among patients with bacterial infec-
tions, consistent with its known role as a risk fac-
tor [14]. Although male predominance was more
frequently observed in bacterial infections, this
difference was not statistically significant [12, 14].
In our study, thoracic involvement was seen in
47% of TB cases and was not significantly different
from bacterial cases. In contrast, in the derivation
cohort for the scoring system, thoracic vertebral
involvement was observed in 59% of TB patients,
which was significantly more common than in
bacterial infections, consistent with the well-estab-
lished thoracic predilection in spinal TB [4, 11].
Notably, the proportion of patients with concur-
rent pulmonary TB was also lower in the valida-
tion cohort (6% vs. 20%). This may have reduced
the likelihood of thoracic seeding and contributed
to the lack of statistical significance [4, 15]. It should
be noted that the thoracic vertebrae predilection in
mycobacterial infections is also associated with
the presence of oxygen-rich red marrow that pro-
vides a favourable environment for mycobacterial
survival [15]. In contrast, lumbar vertebrae are
more prone to mechanical stress and microtrauma,
predisposing them to bacterial seeding [15]. In the
original derivation cohort, isolated lower lumbar
vertebrae involvement was more common in bac-
terial infections. However, this was not observed
in this study.

In our cohort, loss of vertebral height emerged as
the only MRI feature significantly common in my-
cobacterial infections. This finding aligns with ear-
lier reports, where vertebral collapse has been
identified as a strong predictor of TB spondylitis
[7, 16, 17]. The increased frequency of collapse in
TB is likely due to anterior vertebral body involve-
ment, which predisposes to kyphotic deformity, a
recognised late complication of spinal TB [18]. In
addition to vertebral collapse, involvement of
multiple vertebral bodies, and anterior element
destruction was identified to be more common in
TB than in pyogenic spondylodiscitis in a recent
study [7]. Although other findings like disc de-
struction, paravertebral soft tissue involvement,
and epidural abscesses were also more frequent in
TB, these did not reach statistical significance in
our subgroup, likely because the study was under-
powered for these comparisons. Nonetheless, disc
destruction and large paravertebral abscesses have
been commonly seen in TB cases [19, 20]. While

posterior element involvement and spinal deform-
ity were seen in both groups in our analysis, prior
studies have identified these features as independ-
ent predictors of TB spondylodiscitis [17].

This study has several limitations. The data for the
validation cohort, like those of the derivation co-
hort, were collected retrospectively from clinical
records, introducing potential biases such as in-
complete documentation and variability in diag-
nostic work-up. The absence of Brucella spp. in the
validation cohort also precluded evaluating the
scoring system’s performance in distinguishing
brucellosis, a key aetiology in the original deriva-
tion cohort. As such, the applicability and diag-
nostic accuracy of the score in brucellosis-endem-
ic settings remains uncertain and will require fur-
ther external validation in regions where Brucella
is a common cause of spondylodiscitis. MRI imag-
es were unavailable for all patients, and some pa-
tients were lost to follow-up before the outcomes
could be assessed. The small sample size and sin-
gle-centre design are also significant limitations.
Despite epidemiological differences between the
derivation and validation cohorts, the scoring sys-
tem accurately distinguished mycobacterial from
bacterial spondylodiscitis. In resource-limited set-
tings where timely microbiological confirmation
may not be feasible, this tool could assist clinicians
in initiating targeted empirical therapy, potential-
ly improving patient outcomes and reducing inap-
propriate antibiotic use. Future studies should
focus on external prospective multicentric valida-
tion, incorporating radiological data, and evaluat-
ing its impact on clinical decision-making and
outcomes.
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