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1. Introduction

ABSTRACT

Objective: To assess the role of polymerase chain reaction (PCR) in serum samples, in the
diagnosis of osteoarticular tuberculosis (OTB) in a setting where only clinical and imaging
diagnoses determine the treatment.

Methods: A total of 44 consecutive serum specimens were collected from clinically suspected
OTB patients, based on clinical and radiological [X-ray or magnetic resonance imaging/computed
tomography]| features. They were screened by in—house nested PCR. In addition, a few specimens
were examined by Gram stain, acid—fast bacilli stain, histopathology and routine bacterial
culture. A total of 39 specimens were collected from patients suffering from other bone diseases of
nontuberculous origin and included as negative controls.

Results: Of the 44 clinically suspected OTB patients, in—house nested PCR was positive in 40
(91%) cases; PCR was negative in 38 (97%) negative controls. Sensitivity and specificity of our in—
house nested PCR was 90.9% and 97.4%, respectively. The PCR report was available within 48 h. It
was possible to standardize serum PCR technique and in positive cases, a good correlation was
observed in terms of an adequate treatment response.

Conclusions: Nested PCR in serum samples is a rapid, highly sensitive and specific modality for
OTB detection. PCR should be performed in addition to clinical evaluation, imaging studies, acid—
fast bacilli staining, culture and histopathology diagnosis, if possible.

KEYWORDS
Osteoarticular tuberculosis, Molecular diagnosis, Nested polymerase chain reaction, Sensitivity,
Specificity

tends to be uncommon and accounts for about only 1%—2% of
all cases of TB and about 10%—15% of extrapulmonary TBI!1.

Osteoarticular tuberculosis (0OTB) accounts for about
10%—15% of all tuberculosis (TB) notifications in the non—
industrialised world. However, in the Western world, 0TB

Tuberculous spondylodiscitis or Pott’s disease is the most
common form of osteoarticular involvement(2l. The infection
begins in sub—chondral bone and slowly spreads to the

*Corresponding author:Unidad de Investigacion Médica en Inmunologia e
Infectologia, Hospital de Infectologia, CMNR, IMSS, Av. Jacarandas y Seris, Col. La
Raza, PC: 02990. México, D.F., México.

Tel: (+52) (55) 5724-5900, ext, 24321;

Fax: (+52) (55) 5353—0989;

E-mail: gelorriaga@webtelmex.net.mx

Foundation Project: This study was supported by FIS, IMSS (Grant No. 2009-785-011).

Article history:

Received 4 May 2014

Received in revised form 9 May, 2nd revised form 16 May, 3rd revised form 23 May, 2014
Accepted 3 Jul 2014

Available online 28 Jul 2014



582

intervertebral disk space and the adjacent vertebral bodies,
leading to signs of destruction and inflammation. Tuberculous
spondylodiscitis affects about 50% of all patients with OTB.
Tuberculous lesions often involves the intervertebral disc and
the endplates of the adjacent superior and inferior vertebral
bodies, although the posterior column is usually spared; a
kyphotic deformity is often the result of severe destructionl34l.
In most cases of tuberculous spondylodiscitis, only one
vertebral segment is affected, particularly the last dorsal
and the lumbar vertebrae. The natural history of articular
disease evolves over several years from localized synovitis to
joint destruction and the prognosis is related to the stage of
disease at presentation. Lumbar pain is the major symptom of
tuberculous spondylitis. The symptoms of tuberculous bone
and joint infections are nonspecific, and the clinical course
is often indolent, which usually lead to significant delays in
diagnosis and resultant bone or joint destructionls.

The microbiological diagnosis is a problem in some parts of
the world. TB is a multi—faceted disease, the key to diagnosing
OTB hinges on a strong clinical suspicion. Although some
typical radiological findings exist, TB may be an excellent
imitator and no single pathognomonic finding can differentiate
it from other pathologiesl6l.

TB, a systemic disease, should always be kept in mind
among the differential diagnoses of any unusual radiographic
spinal abnormality, especially when other organs are involved.
Fine needle aspiration cytology may provide the correct
diagnosisl7l. Diagnostic reasoning is a process by which we
confirm or exclude a diagnosis. The traditional medical model
includes a clinical history, examination, investigation and
treatment, but reality tends to differ. What we really do is
to propose a diagnostic hypothesis which is refined through
a process of exclusion and confirmation in order to reach a
final diagnosis. Radiological assessment is often the first step
in the diagnostic workup of patients with 0TB and further
investigations are determined by the findings of radiography.
Both the radiologist and the clinician should be aware of
this diagnostic possibility. Magnetic resonance imaging
(MRI) is a very sensitive and useful ancillary technique in
the differential diagnosis of spondylodiscitis, but in order
to confirm whether it is tuberculous in origin, either the
microorganism or the typical tuberculous granulomatous
lesion need to be identifiedisl.

Extraspinal OTB favors large joints (hip and knee)9l. TB of
the hip joint accounts for about 15% of casesl10l. The knee is
affected in approximately 8% of casesi!1l. The nonspecific,
often indolent, clinical presentation of extra spinal OTB whose
low prevalence and low index of suspicion among clinicians
may result in diagnostic delay. However, prompt diagnosis and
treatment of this curable disease remains critical for initiation
of proper management and prevention of joint deformity and
permanent bone destruction. Mycobacterium tuberculosis (M.
tuberculosts) is the main causative organism and only a few
cases are attributable to Mycobacterium bovisl9l. OTB mostly
results from hematogenous dissemination of mycobacteria
or lymphatic spread from a primary or reactivated focus of
infectionl12].

Treatment of tuberculous spondylodiscitis is fundamentally
medical and should be initiated as early as possible.
Treatment consists of bed rest, placement of a corset at the
affected vertebral segment and the administration of the
usual tuberculostatic drugs used in pulmonary tuberculous
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infection: isoniazid (300 mg/d), rifampicin (600 mg/d),
pyrazinamide (1500 mg/d) and/or ethambutol (1200 mg/d), if no
resistance or hypersensitivity to these drugs is detected2.13].
There are different recommendations for treatment duration
ranging from 6 to 12 and even 15 months|13].

The diagnosis of OTB in endemic areas is based on clinical
experience and radiography. Not every patient presentthe
classical picture. OTB is a paucibacillary disease, so
bacteriological diagnosis is possible in only 10%—30% of cases.
In order to contribute our experience and better understand
this disease, we conducted a prospective study of all OTB
cases diagnosed in the Hospital de Ortopedia in about four
years (May, 2004 to February, 2008). This study was undertaken
to correlate clinical and radiological diagnoses with molecular
diagnosis in serum samples. Since most patients had
bone destruction, it was not possible to carry out invasive
procedures and obtain biological material.

2. Material and methods

Forty four consecutive serum specimens were collected
from patients diagnosed with OTB clinically and radiologically
[X-ray or MRI/computed tomography (CT)], with involvement
of the dorsal spine (n=33), hip (n=7) and knee (n=4) (Table 1).
Thirty nine specimens collected from patients suffering from
other bone diseases of nontuberculous origin were included
as negative controls. They were screened by in—house nested
polymerase chain reaction (PCR), and only a few specimens
obtained from OTB patients such as tissue/pus were examined
by Gram and acid fast bacilli (AFB) stain, histopathology and
routine bacterial culture, since most cases had associated with
bone destruction [37/44 (84%)]; therefore, it was not possible to
conduct invasive procedures and obtain biological material
in most cases. Biopsies were performed in a few cases to
confirm OTB, especially by the presence of caseation necrosis,
epithelioid cell granulomas and multinuclear giant cells.

Referred symptoms and laboratory markers included
localized pain (with or without neurologic impairment),
joint stiffness and swelling, low grade fever, sweating,
chills, weight/appetite loss, malaise, cough, breathlessness,
tenderness, effusion, restriction of movements, osseous
vertebral destruction, caseum necrosis and an elevated
erythrocyte sedimentation rate; a positive family history of
pulmonary TB, a positive history of previous TB diagnosed by
X-ray or MRI/(CT) and possible contact information were also
recorded.

All serum specimens were stored at 4 °C for PCR, and the rest
were immediately processed as follows:

(1) Smears: Bacterial smears (i.e., Gram stain, AFB) were
obtained in a few cases, and aerobic and anaerobic cultures
were processed according to standard procedures.

(2) PCR: DNA extraction. PCR: the mycobacterial strain used
as a positive control was M. tuberculosis H37Rv. DNA was
isolated with guanidine isothiocyanate and phenol, utilizing
500 pL of the TRIzol reagent (Gibco, BRL) according to the
procedure described by Chomezynskill4l. Specimens were
processed in the same way. DNA was resuspended in 50 uL
of distilled water after precipitation with 75% ethanol. This
solution was heated at 55 °C for 20 min. We determined its
absorbance at 260/280 nm and took 5 uL for gene amplification
by PCR, coding for the 32-kDa proteinl15], the MTP40 species—
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specific proteinl16l, and the 1S6110 sequence insertion(17]. The
initiator sequences employed (Accesolab, Invitrogen. Life
Technologies) to amplify the species—specific gene included
prothrombin time (PT)1 (S'CAA CGC GCC GTC GGT GG) and PT2
(5'CCC CCC ACG GCA CCG CCG GG), with a resulting fragment
of 396 bpli8l. For 1S6110 insertion—element amplification,
the specific MercatoBenzoThiazole—complex initiators were
IS5 (5'CGG AGA CGG TGC GTA AGT GG) and IS6 (5'GAT GGA CCG
CCA GGG CTT GC), with a 984—bp amplification fragment. The
specific initiators amplifying the gene coding for the a 32—
kDa antigen, present in all described mycobacteria (genus—
specific) were MT1 (5'TTC CTG ACC AGC GAG CTG CCG) and MT2
(5'CCC CAG TAC TCC CAG CTG TGC), with a 506—bp amplification
fragment(19-22]. All reactions were taken to a final volume of
50 pL containing 100 ng of purified DNA of the reference strain
as well as of each clinical specimen, reaction buffer 1x, 2.5 TU
of Taq polymerase (Promega), 0.2 mmol/L of each triphosphate
deoxynucleotide, and 20 pmol/L of each of the three pairs
of initiators. The reaction was carried out in a thermocycler
(Biometra). Controls were included in every batch. Cycles
included initial denaturation at 94 °C for 5 min, followed by 35
repeated denaturation cycles at 94 °C for 1 min, annealed at 71
°C for 2 min, and extended at 72 °C for 3 min. Subsequently, a
final extension was carried out at 72 °C for 10 min.

To increase amplification sensitivity, we conducted nested
PCR, amplifying an internal segment of the specific gene
designed by Del Portillol!8]; internal initiators in the second
PCR corresponded to nucleosides 44—65 (PT3, 5'—CAC CAC
GTT AGG GAT GCA CTG C—3") and 244-265 (PT4, 5'-CTG ATG GTC
TCC GAC ACG TTC G-3'), which amplified the 223-bp internal
region(23]. For this second step, we took 5 pL of the multiplex
PCR product and transferred it into 45 pL of the pre—mixed
solution containing the PCR reagents at the same previously
described concentrationl15l. Controls were included in every
batch. Amplification was repeated for 30 cycles with the same
time and temperature parameters as described previously,
except for annealing at 75 °C for 2 min, an extension at 72 °C
for 2 min, and a final extension at 72 °C for 7 min. After the
1/10 amplification of the PCR reaction mixture, it was analyzed
by electrophoresis in 1.5% agarose and 0.5 pg/ml ethidium
bromide and visualized with an ultraviolet transilluminator.

We began the study upon approval of the Ethics and
Research Commitiee of the Hospital de Infectologia and with
the patients” signed consent.

3. Results

The mean age of the patients included in this study was 52.7
years (ranging from 28 to 77 years) (Table 1).

The clinical diagnosis was based on the presence of
rachialgia (pain in the spine) following an inflammatory
pattern, limitation of movement and imaging findings (MRI/
CT/X-ray).

As described in Table 2, of 7 clinical TB specimens, 14%
were AFB smear positive and 86% were smear negative. In
smear positive specimen, the number of bacilli per high—
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power field was less than 10, confirming the paucibacillary
nature of these samples. Histopathology was suggestive of
TB in 86% specimens and all cases had histological features
suggestive of OTB, confirmed by the presence of caseation
necrosis, epithelioid cell granulomas and Langerhans giant
cells. Tn 39% of patients of whom OTB was highly suspected
clinically, imaging studies (MRI/CT/X-ray) were suggestive
of TB.

Table 1

Characteristics of osteoarticular tuberculosis patients.
Variables Patients (n=44)
Male/female 24 (52%)/20 (48%)

Age 52.7+14.6
Affected site Spine 33 (75%)

Hip 7 (16%)

Knee 4 (9%)
Bone destruction 37 (84%)
“Mean+SD.
Table 2
Results obtained by 4 different methods.

AFB smear  Histopathology ~ X-ray/MRI/CT ~ Nested PCR
(n=7) (n=7) (n=44) (n=44)

Possitive 1 6 17 40
Negative 7 1 27 4

AFB: Acid fast bacilli; MRI: Magnetic resonance imaging; CT: Computed
tomography.

Thirty nine negative controls were negative by in-
house nested PCR. In—house nested PCR validated 91% of
all specimens as positive. Considering clinical diagnosis
as the diagnostic gold standard, overall sensitivity and
specificity of our in—house nested PCR was 90.9% and
97.4%, respectively; positive predictive value was 97.5% and
negative predictive value was 90.4% (Table 3).

Table 3

Comparison clinical diagnosis confirmation with nested PCR.

n=83 Clinical diagnosis Clinical diagnosis
Positive Negative

Nested PCR positive 40 1

Nested PCR negative 4 38
Sensitivity 90.9%

Specificity 97.4%

Positive predictive value 97.5%

Negative predictive value 90.4%

An ethidium bromide stained gel of M. tuberculosis
DNA amplified by the designed multiprimer system is
shown in Figure 1A, lane 2. As expected, three bands,
corresponding to a 396-bp fragment resulting from the
amplification of the species—specific MTP40 gene, to a
984—bp amplification fragment from the 1S6110 insertion
sequence present in all mycobacteria from the complex,
and to a 506—bp amplification fragment from the alpha
antigen gene common to all described mycobacteria, were
observed. In Figure 1B, lane 2, 3 and 4, are shown as a
band, corresponding to a 223—bp fragment resulting from
the amplification in nested PCR, amplifying an internal
segment of the specific gene MTP40.
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Figure 1. PCR electrophoresis. A. Amplification with multiprimer PCR.
Lane 1: 100 bp (Promega) marker; Lane 2: M. tuberculosis DNA (positive
control); Lane 3: Negative sample; Lane 4: Water (negative control). B.
Amplification with nested PCR. Lane 1: 100 bp marker (Promega); Lane 2: M.
tuberculosis DNA (positive control); Lanes 3 and 4: Positive samples; Lanes 5

and 6: Negative samples; Lane 7: Water (negative control).

In our series, therapy was administered following the usual
standardized guidelines for 12 months, plus ethambutol during
the first 2 months of treatment; the patients” clinical course
was good and no complications developed in 39 (89%) of cases.

4. Discussion

The mean age of the patients included in this study was 52.7
years, coinciding with that reported in other studies where the
reported average age was 5524251

Our study group had a higher percentage of spondylodiscitis
than that reported in the literaturel3.4.26. We did, however,
concur with previously reported data on the incidence of extra
spinal TBI9-11].

Among the patients in whom we obtained biopsy material/
pus, 6/7 samples were positive by imaging studies,
histopathology and PCR. AFB smear was also positive in this
group. Our results, in terms of AFB staining and histology
results, also concur with previous reports in the literaturel27].

In—house nested PCR was positive in 91% of clinically
suspected OTB but 4 suspicious cases had a negative PCR.
There was no PCR inhibition, as internal control was amplified
in each specimen. False PCR negativity could be attributed
therefore, to a low bacterial load or sampling error.

Unfortunately, extra spinal OTB has no pathognomonic
imaging features and in advanced stages, it may mimic other
disease processes. Therefore, appropriate laboratory tests are
mandatory in order to confirm the diagnosis. Infections with
low numbers of bacilli are frequently seen in OTB, a clinical
situation where an early and sensitive diagnosis is of utmost
importance. Nested PCR has great potential in improving the
clinicians” ability to clinically diagnose suspected TB in a
timely manner. This, in turn, ensures early treatment.

The advantages of PCR include: (1) Tt is a highly efficient
and rapid method for disease diagnosis @8 h). (2) A PCR result
is of great value in early diagnosis, particularly in infections
of certain body systems where disease progression is rapid
and detection by culture method is time—consuming. (3)
Since PCR is a very sensitive technique and can detect as
few as one to two mycobacteria in the specimen, treatment
may be initiated based on this result, if there are associated
clinical signs of the disease. @) It can differentiate typical and
atypical mycobacteria. (5) PCR requires a very small specimen,
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even microliters obtained by fine needle aspirate can be
tested. PCR can also detect very low levels AFB in clinical
specimens and results are available within two days. However,
misleading results can occur, such as the smallest amount of
contaminating DNA can be amplified. A PCR—positive result
does not always correlate with culture results and PCR is not a
substitute for culture; it is an ancillary study complementing
the routine battery of laboratory tests conducted for the rapid
and definitive diagnosis of TB.

Its disadvantages include an inability to differentiate live
from dead organisms, since it does not depend on bacterial
replication and it provides no information on disease activity.
Hence, a rational approach favors a combination of the
patients” clinical presentation and PCR in order to solve the
diagnostic dilemma of OTB.

In our study, although PCR increased the number of definite
diagnoses and provided highly specific and sensitive results
within 48 h, it is expensive and not routinely available in TB
endemic countries. Minimally, if possible, AFB smear and
histopathology of tissue specimens can be carried out at a
much lower cost and can increase the number of definite
diagnoses. Nested PCR has great potential in improving the
clinicians” ability to rapidly diagnose clinically suspected TB,
which will ensure early patient treatment(28].

In conclusion, PCR is a quick, highly sensitive and specific
modality for OTB diagnosis. In cases associated with severe
bone destruction, as in our patient population, its performance
in serum samples is most useful.
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Comments

Background

This is a good work and very informative for evaluation
diagnosis of OTB patients using serum samples by nested
PCR. Authors have developed a technique for diagnosis of
OTB in serum samples and correlates nested PCR to clinical,
radiological and molecular diagnosis, which is good for
diagnosis and treatment of OTB patients.

Research frontiers

Several techniques have been used for diagnosis of OTB
patients, and in this study, serum samples are used to
determine the patients suffering with OTB disease. This study
has been focused on developing new early stage diagnosis
technique for TB disease.

Related reports
There are very limited reports on this type of diagnosis study
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for TB disease and it is very sensitive technique for diagnosis
and start treatment in early stage.

Innovations and breakthroughs

In the present study, authors have evaluated a sensitive and
less time consuming technique for diagnosis of TB disease
using serum samples.

Applications

There are many time—consuming diagnosis techniques
used to diagnose TB patients. This technique is very useful
for detection of early stage TB and provides good treatment
for patients.

Peer review

This is a very useful study, in which authors have evaluated
the diagnosis techniques for detection of TB patients. The
results obtained in this work clearly suggested that diagnosis
technique has been designed to detect early stage TB
patients.
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