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Abstract

Aims: The aim of the study was to investigate the differences in participant characteristics between positive and negative, positron 
emission tomography with 2-deoxy-2-[fluorine-18]fluoro-D-glucose integrated with computed tomography (18F-FDG PET/CT) activity 
at the spinal tuberculosis (TB) site following 12 months of the appropriate chemotherapy therapy for spinal TB. A secondary aim of the 
study was to determine whether erythrocyte sedimentation rate (ESR) levels could be used as a reliable marker of TB activity and/or 
treatment success of spinal TB, especially in a high HIV-positive population. 

Patients and methods: All patients who were treated for spinal TB and underwent an 18F-FDG PET/CT scan were considered for 
inclusion. PET/CT positive patients underwent a spinal biopsy which was sent for microscopy, Gram staining, Gene Xpert (GXP) 
polymerase chain reaction (PCR) and histology. Patients in the PET/CT positive group underwent a repeat MRI scan and biopsy at the 
completion of treatment to investigate the potential presence of resistance or ongoing active spinal TB.

Results: A total of 18 patients were included in the study: five patients were allocated to the PET/CT positive group and 13 to the  
PET/CT negative group. The PET/CT negative group was significantly older (p=0.016) and had significantly fewer TB-infected vertebrae 
(p=0.010) than the PET/CT positive group. Two patients, one in each group, were found to have drug-resistant spinal TB. At the 
12-month follow-up visit, two patients (40%) in the PET/CT positive group and three patients (30%) in the PET/CT negative group 
were still complaining of back pain. All smear microscopy results of the PET/CT positive patients who underwent a repeat biopsy 
were negative after the conclusion of treatment; culture results (n=4/4) were also negative. GXP PCR results were positive in four and 
negative in one case. Only one of four samples showed classic TB signs on histology.

Conclusion: This study is the first to report on biopsies done from a PET/CT positive site, after 12 months of anti-tubercular treatment. 
It is not unlikely that PET/CT is over-sensitive and can show metabolic activity in areas of sterile inflammation, and future studies are 
necessary to evaluate this.

Level of evidence: Level 3
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Introduction 

The diagnosis of spinal tuberculosis (TB) can be very challenging, 
with no single test being available that provides 100% sensitivity in 
detecting either lung or musculoskeletal TB.1 Due to its insidious 
onset, late presentation and late diagnosis ranging from weeks 
to years, spinal TB often results in significant levels of morbidity 
and mortality.2-4 Besides having a high index of suspicion of TB 
spine and performing a thorough clinical assessment, several 
haematological, microbiological and radiological investigations can 
be performed to confirm the diagnosis of TB spine. 

In addition to these investigations, several blood markers can be 
used to aid in the diagnosis of TB infection. A popular blood marker 
which is used for this purpose is the erythrocyte sedimentation rate 
(ESR), which is an inexpensive and simple blood test that is able to 
reflect a chronic inflammation state of the human body.5 However, 
the use of ESR as a screening test in asymptomatic persons is 
limited by its low sensitivity and specificity,5,6 and ESR levels can be 
raised in many other chronic disease processes. A good example 
of this is in patients with HIV infection, who, due also to a weaker 
immune system, have a 20-fold increased risk of contracting TB.7

Other cytological, microbiological and DNA-based tests are also 
used in the diagnosis of TB spine. To confirm the diagnosis of spinal 
TB, it is necessary to either demonstrate acid-fast bacilli (AFB) on 
microscopy, grow bacilli in culture or have histological evidence 
of granulomatous inflammation.8 Tissue is obtained from diseased 
vertebrae using a percutaneous needle biopsy or open surgery 
with the diagnosis of TB spine through histological studies being 
positive in approximately 60% of patients.9 Additional laboratory 
tests include Gene Xpert (GXP) polymerase chain reaction (PCR) 
which is utilised in the molecular testing for TB and which allows 
direct detection, identification and susceptibility testing, with a 
reduction in the diagnostic time from weeks to hours.10 Because 
this is a DNA-based test, a false-positive result may be obtained 
from a repeated biopsy from a site of previous infection. It does, 
however, confirm that the tissue collected in a repeat biopsy for 
example, was taken from an area with previously diseased bone. 
Studies have reported sensitivity of PCR ranging from 61 to 96% 
and a specificity of 80 to 98%.9,11 In addition, HIV status can affect 
this testing method by decreasing its sensitivity.11

In terms of radiological assessments, plain film radiographs 
are the initial investigation for patients suspected of having TB 
spine. Compared to plain film X-rays, computer tomography 
(CT) is superior in showing the pathological bony changes12 
while magnetic resonance imaging (MRI) is regarded as the gold 
standard imaging modality for spinal infections, with a sensitivity 
of 96% and specificity of 94%.5 Abscess collections, together 
with granulation tissue adjacent to the vertebral body, are highly 
suggestive of spinal TB,9 but there is no pathognomonic finding on 
MRI that reliably distinguishes TB from other spinal infections or 
from a possible neoplasm.9 In addition to this, walled-off sterile fluid 
collections can persist in previously diseased bone, following on 
completion of anti-tuberculous therapy. Apart from minimal oedema 
and reaction in the adjacent bone, it is very difficult to distinguish 
from active disease and is not necessarily indicative of on-going 
TB infection.13 Finally, 18-fluorodeoxyglucose positron emission 
tomography/computer tomography (18F-FDG PET/CT) scan has 
emerged as a significant molecular imaging technique in clinical 
oncology and cancer research.14 Further, recent literature suggests 
that the 18F-FDG PET/CT scan can be used as a functional imaging 
technique to evaluate the extent of spinal TB, and can also be used 
to assess response to treatment.7,15 Zinn et al.7 concluded in their 
work that 18F-FDG PET/CT appears to be a very promising imaging 
modality in spinal TB, especially for identifying the most appropriate 
biopsy site, evaluating the disease extent, predicting possible multi-
drug resistance and monitoring the response to treatment.

Current standard operating procedures prescribe a 12–18 
month treatment regimen for spinal TB, which should be monitored 
through a serial investigation with radiographs and changes in 
ESR levels and subjective clinical parameters.16 In the setting of 
an HIV pandemic, we are often faced with patients still showing 
a persisting raised ESR near completion of treatment, posing 
the question of persisting/resistant spinal TB, HIV co-infection 
contributing to elevated ESR levels or an alternate diagnosis. 
Therefore, the aim of the study was to investigate the differences in 
participant characteristics between positive and negative 18F-FDG 
PET/CT activity at the spinal TB site following 12 months of the 
appropriate chemotherapy therapy for spinal TB. A secondary aim 
of the study was to determine whether ESR levels could be used as 
a reliable marker of TB activity and/or treatment success of spinal 
TB, especially in a high HIV-positive population. 

Patients and methods

General characteristics

All patients who were treated for spinal TB at the Orthopaedic 
Spinal Unit at Tygerberg Hospital and underwent an 18F-FDG 
PET/CT scan between January 2012 and December 2014 were 
considered for inclusion in this retrospective study. Patient records 
were reviewed and all patients who were a) older than 18 years 
with spinal TB; b) HIV negative or HIV positive with a CD4 count 
>200; and had c) confirmed spinal TB by means of tissue biopsy 
were included in this study. Patients with incomplete data sets or 
who were lost to follow-up were excluded. Patient records were 
reviewed, and general and clinical characteristics were recorded 
for each patient. 

Clinical characteristics

Clinical characteristics from each patient’s first presentation to the 
unit were recorded and all patients underwent an 18F-FDG PET/CT 
scan. Results were recorded as being PET/CT positive if the scan 
showed increased metabolic activity at the site of previous spinal 
TB, considered suggestive of ongoing active spinal TB. Scans that 
showed no activity were recorded as PET/CT negative. All patients 
with a PET/CT positive result underwent a repeat MRI scan done to 
plan the repeat spinal biopsy. Biopsies were sent for microscopy, 
Gram staining, GXP PCR and histology. 

The biopsy method used, and results from smear microscopy, 
culture, GXP PCR and histology were recorded. Patients in the 
PET/CT positive group underwent a repeat MRI scan and biopsy at 
the completion of treatment to investigate the potential presence of 
resistance or ongoing active spinal TB.

Treatment

All patients were treated with a four-drug anti-tubercular 
chemotherapy regimen for the complete remainder of the course, 
without de-escalating after two months. Dose was given as per body 
weight, and patients were referred to their local clinics to continue 
their treatment. Data collection from each three-monthly follow-up 
visit to our spinal clinic included: presence of pain, neurological 
function score (Frankel grade) and ESR level (using the Westergren 
method). 

Statistical analysis 

The data was analysed using Statistica version 12.0 (StatSoft Inc, 
Tulsa, OK, USA). The Kolmogorov-Smirnov test was used to test 
the distribution of the data. Due to the small sample size, data is 
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expressed as medians with interquartile ranges for continuous data 
while categorical data is expressed as frequencies with the number 
of participants indicated. Differences between PET/CT positive and 
PET/CT negative patients were analysed with a Mann-Whitney U 
test for any statistical significance (p<0.05 was considered to be 
significant).

Results

General characteristics

A total of 18 patients were included in the study, with five patients 
allocated to the PET/CT positive group and 13 to the PET/CT 
negative group. The PET/CT negative group was significantly 
older (p=0.016) and had significantly fewer TB-infected vertebrae 
(p=0.010) than the PET/CT positive group (Table I). Eight patients 
(44%) had previous pulmonary tuberculosis (PTB), of which three 
patients were in the PET/CT positive group and five patients 
in the PET/CT negative group. Of those with previous PTB, five 
(63%) were on anti-tubercular treatment when the spinal TB was 
diagnosed, with an average treatment duration of three months. 

A difference in the neurological function between the two 
groups at the time of spinal TB diagnosis was observed: all  
PET/CT positive patients were ambulatory, with four of five (80%) 
having no neurological fallout (Frankel grade E) compared to 
four out of 12 (31%) of PET/CT negative patients who presented 
ambulatory (Frankel grade D/E), with the rest (69%) presenting with 
neurological fallout that prevented mobilisation. 

Pre-treatment outcomes

All patients underwent an initial biopsy to confirm spinal TB, and 
biopsy test results from smear microscopy, culture and GXP PCR 
are described in Table II. Two patients, one in each group, were 
found to have drug-resistant spinal TB. 

Treatment outcomes 

At the 12-month follow-up visit, two patients (40%) in the PET/CT 
positive group and three patients (30%) in the PET/CT negative 
group were still complaining of back pain. ESR values decreased 
from onset of treatment until completion of treatment but no 
correlation between the two groups was observed (Figure 1).

All patients in the PET/CT positive group were neurologically 
intact both at 12 months and at completion of treatment (mean 
duration of 24 [range 23–28] months). In the PET/CT negative 
group, 92% of patients (n=12/13) could ambulate at both 12 months 
and completion of treatment (mean duration of 15 [range 12–18] 
months). Only one patient was non-ambulatory at completion of 
treatment (Frankel grade C). 

All smear microscopy results of the PET/CT positive patients who 
underwent a repeat biopsy were negative after the conclusion of 
treatment and all culture results (n=4/4) were also negative. GXP 

Table I: General characteristics of patients in the PET/CT positive and PET/CT negative groups

Variable PET/CT positive (n=5) PET/CT negative (n=13)

Age (years) 29 (26–37)* 49 (40–54)*

Sex (male / female) 2 (40%) / 3 (60%) 2 (15%) / 11 (85%)

HIV status (positive / negative) 4 (80%) / 1 (20%) 8 (62%) / 5 (38%)

CD4 count (HIV+ patients) 491 (316–561) 249 (155–491)

Complaints of back pain before the diagnosis (months) 4 (3–6) 4 (3–6)

Number of infected vertebra with TB 6 (4–7)** 2 (2–3)**

Location of infection (thoracic / lumbar) 2 (40%) / 3 (60%) 5 (38%) / 8 (62%)

Data is presented as median (interquartile ranges) or frequency with the number of participants in parentheses; *p=0.016; **p=0.010

Table II: Biopsy results of PET/CT positive and PET/CT negative patients

Variable PET/CT positive (n=5) PET/CT negative (n=13)

Positive Negative Positive Negative

Smear microscopy 2 (40%) 3 (60%) 3 (23%) 10 (77%)

Culture 4 (80%) 1 (20%) 9 (69%) 4 (31%)

Gene Xpert PCR 5 (100%) 0 (0%) 10 (100%)* 0 (0%)*

Sensitive Resistant Sensitive Resistant

DST 1 4 (80%) 1 (20%) 9 (90%)* 1 (10%)*

*Only performed in 10 of the 13 patients
PCR: polymerase chain reaction; DST 1: drug susceptibility testing

Figure 1. Change in ESR values from admission (ESR – 0), at 12 months 
(ESR – 12 months) and at completion of treatment (ESR – completion) 
between PET/CT positive (light bars) and PET/CT negative (dark bars) 
groups. The shaded area represents the range of normal ESR values. 
Dotted line: 29 mm/hr 
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PCR results were positive in four cases and negative in one. Finally, 
only one of four samples showed classic TB signs on histology 
(Table III). 

Discussion

The primary aim of this study was to investigate differences in 
participant characteristics between patients with a positive and 
negative 18F-FDG PET/CT scan at the spinal TB site following 
12 months of appropriate chemotherapy. Eighteen patients who 
underwent an 18F-FDG PET/CT scan between January 2012 and 
December 2014 were included in this study. 

The main finding of this study was that participants with a positive 
PET/CT scan were significantly younger, and had significantly 
more TB-infected vertebrae than those with a negative result. The 
latter finding is in agreement with the literature which reports that 
increased FDG uptake is recorded in active TB in various anatomical 
locations.17 It has further been reported that patients with three or 
more vertebral lesions affected demonstrated intense FDG uptake, 
almost three times more that of a single spinal lesion.7 Additionally, 
in the present study, most participants (80%) in the positive PET/CT 
scan group were HIV positive, with the majority (60%) having had 
a history of previous PTB. The relationship between HIV and TB 
is well known and often described as a co-epidemic, and in 2014 
the WHO estimated the risk of contracting TB to be 26 to 31 times 
greater in HIV-positive individuals.18 

Early diagnosis of spinal TB and appropriate treatment, as 
per drug sensitivity testing, are the fundamentals in preventing 
complications. The diagnosis of spinal TB is, however, frequently 
missed due to insidious onset of the disease and slow development 
of clinical features. The delay in making the diagnosis spans 
several months, but can take from several weeks up to years from 
the onset of symptoms.19,20 Spinal TB has been called the great 
mimicker due to its ability to mimic neoplasms and other atypical 
infections, especially in HIV-exposed patients.21,22 For this reason, 
microbiological and/or histological confirmation is mandatory 
for the final diagnosis. The international figures of a positive  
M. tuberculosis culture yield through a percutaneous core needle 
biopsy is between 50 and 83%, with an average time period of four 
weeks to obtain the results.23,24 Held et al., using the new, rapid 
molecular diagnostic test (GXP), reported a sensitivity of 95.6% 
and specificity of 96.2%, with these results available in 48 hours.23 
Biopsy results in the present study showed a culture yield in line with 
international figures while the GXP test was 100% sensitive in our 
study, with 10% of PET/CT negative participants having a positive 
GXP result. All PET/CT positive patients underwent a repeat spinal 
biopsy at the site dictated by an MRI scan, to exclude possible new, 
resistant or on-going infection. None of these showed any TB on 
microscopy or culture; however, GXP was positive in four of five 
cases. Considering that GXP is a DNA-based test, it is important 
to keep in mind that it can lead to false positives, indicating either 

ongoing active or previous disease. The only way of diagnosing 
ongoing disease would be through histology showing necrotising 
granulomatous formation. In the present study, histology of only 
one repeat biopsy revealed classic necrotising granulomatous 
inflammation while three cases were suggestive of TB, showing 
non-necrotising granulomatous inflammation, typically seen in HIV-
positive patients. 

We further report multi-drug resistant TB (MDR-TB) in both  
PET/CT groups that gives an overall resistance rate of 13% for 
this study compared to other Cape Town-based studies published 
by Held et al.23 and Watt et al.24 which reported MDR-TB in 5.8% 
and 12% of patients, respectively. Though overall ESR levels 
in the present study decreased from diagnosis to 12 months 
and eventually to completion of treatment, they were still on 
average above 40 mm/hr at the final measurement. A prospective 
observational study performed in India between 2009 and 201325 
reported no significant correlation between the ESR levels over 
time, as measured at presentation and then again at 6, 12 and 18 
months, and concluded that ESR does not provide any objective 
evidence of response to treatment. This is in agreement with the 
findings of the current study, which highlights that this blood marker 
is unreliable when used as a response monitoring tool, especially in 
patients with HIV co-infection. 

Neurological complications in spinal TB have a prevalence of 
between 10 and 42%.26 The spinal cord and cauda equina are more 
tolerable to compression as encountered in TB infection, especially 
if it happens gradually, and up to 76% of canal compromise can 
be tolerated without any neurological compromise. However, 
paraplegia can develop at lesser canal compromise if mechanical 
instability or vascular ischaemia is present.27 We report half of all 
the patients being non-ambulatory before the start of treatment. 
Interestingly these non-ambulatory patients were all in the  
PET/CT negative group. At the completion of treatment, 92% of all 
participants were able to mobilise, without crutches. This finding is 
echoed in the literature: an average improvement in neurological 
function by two Frankel grading scores was reported after 
completion of anti-tubercular treatment.28

The duration of treatment was considerably long in both groups, 
which is concerning considering the risk of drug resistance, patient 
compliance and drug-related side-effects. The most common 
reported side-effects are nausea/vomiting, abdominal pain and 
gastric upset, which disappear after prolonged drug use; however, 
we saw two cases of optic neuritis due to ethambutol treatment 
which only partially recovered after changing the drug regimen. 
Logistical reasons, mainly long waiting periods for appointments for 
PET/CT scans and follow-up consultations, are likely to blame for 
the prolonged treatment in the PET/CT negative group. 

The main limitation of the study is the retrospective study 
design. Poor data collection during patient follow-up led to 
incomplete datasets for several patients, who had to be excluded, 
subsequently leading to a small sample size. In addition, patients 
were not all screened for hypo-albuminaemia or anaemia, which 
could potentially have an effect on the ESR levels.

Conclusion

This study is the first to report on biopsies done from a PET/CT 
positive site, after 12 months of anti-tubercular treatment. It might 
well be that PET/CT is over-sensitive and can show metabolic 
activity in areas of sterile inflammation, and future studies are 
necessary to evaluate this.

Ethics statement
The author/s declare that this submission is in accordance with the principles laid down 
by the Responsible Research Publication Position Statements as developed at the 2nd 
World Conference on Research Integrity in Singapore, 2010. Prior to commencement 

Table III: Repeat biopsy results of initial PET/CT positive patients

Variable
PET/CT  (n=5)

Positive Negative

Smear microscopy 0 (0%) 5 (100%)

Culture* 0 (0%) 4 (80%)

Gene Xpert PCR 4 (80%) 1 (20%)

Classic TB signs Suggestive of TB

Histology** 1 (20%) 3 (60%)

Data is presented as count with frequency indicated in parentheses
*one sample not sent for culture; **one sample not sent for histology
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