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Abstract

Tuberculosis (TB) is a highly infectious disease with high prevalence in the economically poor countries in the world with pulmonary and extrapulmonary manifestations.
Though major involvement is pulmonary but extrapulmonary tuberculosis burden is quite high & requires a very strong index of suspicion with exhaustive workup for
diagnosis. Due to delayed diagnosis and treatment, Extrapulmonary Tuberculosis (EPTB) seems to be more dangerous than Pulmonary Tuberculosis (PTB). EPTB can
manifest itself in almost all parts of the body, producing a wide range of symptoms, making its detection tough. Early detection and timely treatment are necessary to
prevent the worsening of the symptoms. Newer diagnostic tests like CBNAAT, RT-PCR, and gene sequencing have been introduced over recent years to improve the quality
of assessment of this disease. While traditional diagnostic tests like culture, microscopy, and tuberculin tests take days to months to yield results, CBNAAT gives results
in only 2 hours, thus making the prognosis better. However, their access is still limited to majorly developed and developing countries, being costlier than the traditional
methods. This review focuses on various diagnostic procedures available for the diagnosis of EPTB.

The disease manifests itself as Pulmonary TB (PTB)
affecting the lungs and Extra-Pulmonary TB (EPTB) affecting

Introduction

Tuberculosis (TB) is a transmissible disease caused by
Mycobacterium tuberculosis. It is curable with the availability
of effective antibiotics. However, timely diagnosis is essential
to prevent its dissemination to other organs or advancement
into Multidrug-resistant TB (MDR-TB) and extensively drug-
resistant TB (XDR-TB). Although a fall has been seen in the
overall cases over the recent years, the burden of Rifampicin-
resistant TB (RR-TB) and Multidrug-resistant TB (MDR-TB) is
increasing globally. There is a tremendous amount of evidence
on the increasing mortality rate in extrapulmonary TB patients
[1-3]. According to the Global Tuberculosis Report 2020, in
2019, an estimated 1.4 million cases succumbed to the infection
out of the 10 million infected [4].

various organs and tissues like the spine, heart, lymph nodes,
brain, kidney, bones, etc. EPTB accounts for 15% - 20 % of
HIV-negative TB cases, while the count increases to 40% - 50%
in HIV-TB coinfection. Lymph nodes are the most commonly
affected structures, followed by the pleura. Since EPTB
manifests itself in different regions of the body, producing
various symptoms, the diagnosis of EPTB using conventional
methods like microscopy and culture becomes tough. The
severity and mortality increase due to the delay in diagnosis
and treatment [5].

As pulmonary TB accounts for maximum cases and
mortality since ancient times, the topic has been heavily
researched in contrast to extrapulmonary TB, which has gained
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attention in the past few years due to advancements in the
medical field. The diagnosis of scattered extrapulmonary TB
lesions becomes significantly important in dealing with EPTB
cases. Although literature exists on this topic the diagnostic
procedures in EPTB, this area has scope for more exploration as
the new circulating strains can invade unexpected tissues in the
body. Through this review article, we discuss the conventional
as well as the modern techniques that can be used for the
diagnosis of EPTB. Specimen collection from various sites and
their processing have been discussed, followed by traditional
methods like microscopy and culture. We have also discussed
the CBNAAT, tuberculin skin test, tests for humoral immunity,
and in vitro gamma interferon tests for the detection of EPTB.
EPTB and HIV coinfection have also been discussed briefly in
the subsequent section.

Detection of mycobacterium Tuberculosis

The detection of mycobacteria in extrapulmonary TB
was earlier done using conventional methods, which include
microscopy and culture of the bacteria from respective tissues.
These methods are relatively cheap but time-consuming. The
tuberculin skin test is extensively used in some areas but does
not suggest active infection and is not useful in endemic areas.
With the advent of technology, methods like the Cartridge-
based Nucleic Acid Amplification Test (CBNAAT), Line Probe
Assay (LPA), and Pyrosequencing tests have developed. These
tests yield results in very little time compared to the traditional
methods.

Types of specimens

Depending on the history and clinical presentation of the
case, the specimen is collected from the site of suspected
TB and screened for the presence of tuberculous bacteria. In
cases of Lymph Node TB, the specimen is obtained from the
orthostatic drainage of intra-articular fluid by Fine Needle
Aspiration Cytology (FNAC) or biopsy. In cases of Pleural TB,
pleural fluid is collected. However, induced sputum and pleural
biopsy yield better results. In cases of CNS TB, a CSF sample
is obtained by lumbar puncture. For suspected cases of Bone
and Joint TB, a biopsy is done, and a fine needle aspirate of the
lesions is obtained. In cases of Genitourinary TB, three early
morning urine samples are obtained, while for GI and peritoneal
TB, peritoneal fluid, and endoscopic mucosal biopsies are the
specimens of choice [6] (Table 1).

Specimen processing

The direct (unconcentrated) specimen is widely used for
the detection of MTB by smear microscopy in developed and
underdeveloped countries. Smear microscopy of unconcentrated
specimens is easy, less time-consuming, and not very costly,
besides being highly specific for the tuberculous bacteria.
However, the unconcentrated samples obtained from various
body parts may contain a very low bacterial load, thus resulting
in its low sensitivity and low accuracy. Therefore, processing
of the specimens is recommended to obtain more accurate
results, especially in cases of CNS TB and peritoneal TB [8].
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Direct smears prepared from the specimens are subjected
to the standard NALC-NaOH digestion-decontamination
method (Modified Petroff’s method), in which 2% NaOH
and 1.45% sodium citrate contain 0.5% NALC are adequately
mixed with the specimen. Phosphate buffer saline (pH 6.8) is
added, and the mixture is centrifuged at 3000x for 15 minutes.
The supernatant is removed, the remaining portion is re-
suspended in 1.5 ml phosphate buffer saline, and the finally
obtained suspension is used to prepare smears for microscopy
and culture [9]. Specimen processing is required for LPA, Gene
Sequencing & AFB Culture but not for AFB microscopy.

Acid-fast bacilli microscopy

Mycobacteria are acid-fast in nature. Pleural fluid, CSF,
pus, urine sediments, and other specimens collected for the
screening of EPTB are stained using Ziehl Neelsen Stain after
concentration and decontamination. The smears are examined
for the presence of pink-colored acid-fast mycobacteria under
the oil emersion objective lens. The smears are graded as
negative, scanty, +1, +2, and +3 according to the International
Union against Tuberculosis and Lung Disease Scale [10,11]
(Table 2).

Acid-fast bacilli culture

Acid-fast culture is the gold standard method for the
detection of MTB. It can detect as low as ten bacilli/ml of the
specimen. The specimens are inoculated on Lowenstein Jensen
(LJ) Medium and incubated aerobically at 37 C for 2 - 8 weeks).
Nowadays, BACTECT MGIT 960 is preferred over Lowenstein
Jensen (L]J) and this can be attributed to the fact that it
offers susceptibility testing of various drugs. The bacteria on
the culture medium are confirmed as MTB using standard
biochemical tests like niacin production, nitrate reduction, and
catalase.

Methods to detect drug susceptibility for M.TB

There are two types of methods for drug susceptibility
testing for mycobacterium tuberculosis.

Phenotypic method and Molecular method. The phenotypic
method is a conventional one. It includes Lowenstein Jensen

Table 1: Comparison of pooled sensitivity and specificity of induced sputum versus
bronchoscopy [7].

Pooled Sensitivity (95% CI)
0.72 (0.66 - 0.77)
0.70 (0.64-0.75)

Pooled Specificity (95% CI)
1.00 (0.99 - 1.00)
1.00 (0.99 - 1.00)

Sputum Induction

Bronchoscopy

Table 2: Comparison of pooled sensitivity and specificity of induced sputum versus
bronchoscopy [12].

Gene Xpert/Xpert MTB/RIF Xpert Ultra

Pooled Pooled Pooled Pooled

Sensitivity Specificity Sensitivity  Specificity
CSF 71% 97% 89% 91%
Pleural fluid 50% 99% 75% 87%
Lymph Node Fluid 82% 96% 70% 100%
RIF Resistance 97% 99% 100% 100%
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Medium (solid culture), BACTEC 460TB (liquid culture), and
MGIT 960 (liquid culture). Molecular methods involve Line
Probe Assay, Xpert MTB/RIF, and MTBDRplus assay.

Median time to M. tuberculosis detection was substantially
less with both the MTBDR plus (5 days) and Xpert (2 days)
assays as compared to solid culture (33 days) and liquid culture
(9 days).

Molecular methods (Line Probe Assay, Xpert MTB/RIF,
and GenoType MTBDRplus assays) perform well in detecting
TB and rifampin resistance and have substantially shorter
turnaround time as compared to culture [13].

In comparison to the BACTEC 460TB, the MGIT 960 system
is a more accurate alternative method for M. tuberculosis DST
against INH and streptomycin. However, liquid culture-based
methods, particularly the MGIT 960 system, are incapable
of detecting low-level but clinically significant rifampicin
resistance. Thus to detect RIF resistance, molecular methods of
testing should be employed for all polydrug-resistant strains
or when the suspicion for resistance is high [14]. Also for
ethambutol, molecular methods may be more accurate than
MGIT 960 as there is a high possibility of false susceptibility
with it [14]. Resistance to RIF is a critical determinant of
treatment failure. When testing for drug resistance in TB, the
most frequent scenarios for discrepancies between phenotypic
and genotypic methods are the presence of silent mutations and
heteroresistance. Specific mutations k/a disputed mutations
are detected genotypically but give a RIF-sensitive result in
phenotypic tests, especially in liquid media. These mutations
affect the “fitness” of MTB, causing it to grow slowly in the
drug’s presence during the phenotypic DST, which results in it
not being detected, mainly by MGIT 960. These mutations are
associated with therapeutic failure when RIF resistance is not
detected, so the MGIT system should be reconsidered as the
gold standard for detecting resistance to this drug to reduce the
frequency of disagreements between the results of phenotypic
and genotypic diagnostic methods [15]. However, to reach a
final interpretation of drug resistance, both molecular testing
and phenotypic DST results must be considered collectively
[16].

CBNAAT/RT-PCR

Cartridge-based Nucleic Acid Amplification Test (CBNAAT)
is the most advanced and the only self-contained cartridge-
based, fully automated DNA testing platform for the detection
of EPTB/PTB that can also detect Resistance to Rifampicin (RIF
TB) in less than two hours. It is highly specific as it uses three
specific primers and some unique molecular probes for the
diagnosis.

Samples like CSF, Pus Aspirate, Bronchoalveolar Lavage,
and induced sputum, can be used for CBNAAT. A blood sample
cannot be used for CBNAAT.

One part of the sputum sample from a suspected individual
is mixed with two parts of NaOH and isopropanol. This
mixture is maintained at room temperature with intermittent
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shaking for 15 min and then transferred to a cartridge placed
in the GeneXpert/ CBNAAT machine. Then the sample is
automatically filtered and washed. Organisms in the sample
undergo ultrasonic lysis to release DNA. DNA molecules are
then mixed with dry PCR reagents. A semi-nested real-time
amplification and detection occur in an integrated reaction
tube and a printable test result is obtained [17].

If M. tuberculosis is detected, the results also show if the
person is sensitive to RIF or resistant to RIF. If this is unclear,
the test is repeated [18].

This is an excellent technique as it gives more accurate
results in a shorter time duration than all other tests that
nearly take weeks. It hence allows diagnosed TB patients to
get effective treatment sooner. Besides, it also saves the cost
of unnecessary hospitalization and treatment by giving quick
results in negative patients. Also, being primarily automated, it
requires minimal training [18].

However, CBNAAT does not eliminate the need for other
diagnostic tests. It is recommended to use them in combination
with them, thus ensuring the availability of mycobacterial
culture isolates for drug susceptibility testing and genotyping
for further investigation.

Detection of the host response to M. Tuberculosis

Tuberculin skin test: Tuberculin Skin Test (TST) or
Mantoux Test is the traditional test and denotes past infection
with tubercle baciili.

It involves intradermal administration of tuberculin on the
forearm, which is a Purified Protein Derivative (PPD-S) derived
from M. Bovis by a method given by Siebert. In India, the use of
PPD-RT (Research Tuberculin) 23 in combination with Tween
80 has been standardized [19].

The test yields results 48 - 72 h after the administration
of a standard dose of 10 Tuberculin Units (TU) (0.1 ml). A
positive test is indicated by the appearance of an induration
(in mm) at the site of administration as a result of a delayed
hypersensitivity reaction. Lymphokines released by the T cells
sensitized by prior infection lead to induration formation by
recruiting inflammatory cells and causing local vasodilation,
edema, and fibrin deposition [19].

Taking into consideration multiple factors like age,
co-morbid conditions, immunological status, prior BCG
vaccination, etc., the induration’s size, which is interpreted as
positive, varies from 5 mm, 10 mm, and 15 mm, respectively.
Though the tuberculin test has epidemiological significance
and is used to diagnose latent TB infection, its specificity and
sensitivity are still objectionable. A follow-up is necessary,
and the interpretation has to be made with the utmost
care by an expert to minimize errors. A false-positive test
seen in low-risk individuals may be due to nontuberculous
mycobacterial infection or inefficient TST administration.
Prior administration of BCG vaccine to children has also been
found to give false-positive TST for up to 4 years, and even
ten years in some cases. False-negative tests are also obtained
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due to various reasons, including very recent or very old TB
infections. Some individuals may rarely develop anaphylactic
reactions, foreign body reactions, redness, local lymphangitis,
and adenitis post-PPD administration as adverse effects [19].

Testsforhumoralimmunity: Thetests forhumoralimmunity
include the detection of antibodies like Lipoarabinomannan
(LAM), which is a component of the mycobacterial cell wall.
A60, 38 Kd, and 16 Kd are the other antibodies screened for
their presence in cases of EPTB. However, these tests are
not very reliable and hence are generally not the diagnostic
preference in hospitals [8,20].

The immune-chromatographic TB LAM Ag rapid assay
(Alere Inc.) detects LAM antibodies in the Urine. Though the
test is simple and economical, it may show false positives due
to the contamination of the urine specimen with dust or feces.
A negative result doesn’t rule out the possibility either. It can
also be helpful in detecting EPTB in HIV-positive patients
[20,21].

In vitro gamma-interferon tests: In vitro, gamma-
interferon assay (IGRA) /QuantiFERON-TB Gold (QFT-G) is a
new approach approved by the FDA to detect TB infection. It is
principally based on the detection of IFN-y produced by T cells
of individuals sensitized with TB antigens on re-encounter
with TB antigens introduced into the blood of suspected
individuals [22]. Earlier, the antigens used were obtained
from Purified Protein Derivatives (PPD). However, they are
now being replaced by synthetic antigens that are peptides
that represent two mycobacterial proteins, viz. early secretory
antigenic target-6 (ESAT-6) and culture filtrate protein-10
(CFP-10). These synthetic peptide antigens give more specific
and accurate results than the tests involving PPD [22].

The process involves two steps- [1] Introduction of synthetic
antigens and mitogen into the blood and incubating it overnight.
(M avium is introduced for T lymphocyte stimulation) [2]
Quantification of IFN-y from plasma supernatant using ELISA.

ESAT-6 and CFP-10 are not present in any BCG vaccines
around the globe; hence, false-positive tests are not expected
due to vaccination, unlike in other tests like TST. Besides, these
antigens are also quite specific to M tuberculosis and are not
shared by the majority of nontuberculous bacteria. Hence are
less likely to show cross-reactions or false-positive results.
This test is more specific and equivalently/more sensitive than
TST and is expected to entirely replace it in the coming years
in the settings of diagnosis of latent TB, and screening prior to
administration of biologicals. IGRAs are very well used in latent
TB but are unreliable in diagnosing active TB as they cannot
distinguish between the two.

Diagnosis of TB in HIV-infected patients: TB infection being
the leading cause of death in HIV co-infected individuals is hard
to diagnose due to its extrapulmonary manifestations and low
sensitivity of the standard diagnostic tests. The cheaper and
most extensively used methods include (A) Smear microscopy-
Smears prepared from infection samples are stained with Ziehl
Neelsen stain and viewed under a fluorescent microscope. (B)

https://www.peertechzpublications.org/journals/archives-of-pulmonology-and-respiratory-care 8

Mycobacterial Culture- Traditional method that uses solid agar
or liquid culture and allows Drug Susceptibility Testing (DST),
besides tracking transmission during outbreaks. One particular
example of a liquid culture system is MGIT. It was created
in the United States by a company named Becton Dickinson
(BD). It consists of a tiny tube filled with a solution that the
so-called “medium” can grow TB bacteria in. The medium is
an oxygen-containing special solution. After that, a TB drug
is introduced. The TB bacteria are then added (for instance,
from a sample of sputum), and the mixture is left in the tube
for a few days. The time given for the bacterium to grow is
known as the “incubation period” by investigators. When the
oxygen in the tube is reduced, a special substance at the bottom
of the tube begins to glow (scientists refer to this phenomenon
as fluorescence). The oxygen is consumed by the TB bacteria
as they multiply and “breathe.” The tube is observed using a
special light to determine whether or not the oxygen has been
consumed and fluorescence is visible at the tube’s bottom. If
the bacteria in the tube are susceptible to the TB medication,
the medication will suppress their growth. Because there are
no bacteria to consume the oxygen, the tube won’t fluoresce.
If so, this medication can be used to treat the patient. The TB
drug in the tube won’t work if the TB bacterium is resistant
to it, so it will grow instead. After a few days, the tube will
begin to fluoresce as a result of the bacteria’s growth depleting
the oxygen. This medication should not be used to treat the
patient in this situation because it will have no effect. For up
to 42 days, a tube is watched to see if it contains developing TB
bacteria and begins to fluoresce.

The newly developed molecular methods like NAATS,
including Xpert MTB/RIF and Loop-mediated isothermal
Amplification test assay (LAMP), are more accurate in detecting
paucibacillary bacteria. Although these tests are more sensitive
than the traditional methods and give results in less time, they
are not used very frequently as they require expensive setups
and high-level maintenance. Another method that detects
antigens from the Urine of HIV-TB co-infected patients using
the Lipoarabinomannan Lateral Flow Assay (LAM) method can
be preferably used in high-burden countries. LAM is being
approved by WHO for CD4 count <100/mm3.

However, constant research is being done to develop
diagnostic methods for rapid testing on a large scale with
maximum sensitivity [23].

Discussion

Almost 10 million people were infected with Tuberculosis
in the past year, with a higher incidence among HIV-
positive patients. Nearly one-fourth of these cases had
extrapulmonary manifestations. Mycobacterium tuberculosis
can infect any part of our body except nails, hair, and teeth.
Lymph nodes are almost involved in nearly half of the cases
of Extra-Pulmonary TB. The clinical presentation of EPTB is
insidious and varies according to the organ affected with or
without lung involvement. This article addresses the major
challenges involved in the diagnostic delay of extra pulmonary
Tuberculosis.
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Early Diagnosis and treatment can significantly improve
survival in addition to decreasing the morbidity and mortality
associated with it. Imaging modalities like CT and MRI play
a significant role in diagnosing Tuberculoma, gastrointestinal
TB, and renal Tuberculosis, but the findings may be highly
nonspecific. Tuberculin skin test and Interferon-Gamma
Release Assay (IGRA) are not useful in diagnosing EPTB. The
traditional Acid-fast staining and culture method has a low
sensitivity making it a less reliable method in establishing a
diagnosis.

Cytologic examination of serosal fluids based on the organ
involved is also widely used nowadays. Adenosine Deaminase
levels are elevated in EPTB patients making it one of the tools
in diagnosis, yet the specificity of this method is still a concern.
Interferon-gamma level measurement in the case of pericardial
and pleural Tuberculosis has proven to be an efficient modality
of diagnosis but is quite expensive and hence not widely used.

Nucleic Acid Amplification tests are an expeditious
technique being used these days. Xpert MTB assay is a variant
of NAAT which is now being recommended by the World Health
Organization. Xpert MTB is considered a higher caliber test
compared to the previously used diagnostic modalities, with
a sensitivity rate of around eighty percent in diagnosing TB
Lymphadenitis and Meningitis [24].

WHO recommends Isoniazid, Rifampin, Ethambutol, and
Pyrazinamide for two months, followed by Isoniazid and
Rifampin for the next four months. Any interruption during
the treatment period may lead to the development of Drug-
resistant Tuberculosis.WHO recommends a twelve-month
regimen for treatment for TB Meningitis, two months of
Intensive Regimen followed by a continued phase for the next
ten months along with corticosteroids [25].

Conclusion

The gold standard method for the detection of Extra
pulmonary TB remains the bacterial culture. As it is time-
consuming, methods like CBNAAT using GeneXpert can be
used in an emergency for early detection. The limitation of the
availability of modern techniques in underdeveloped countries
leads to late detection and thus increased severity of the
disease. It can also detect resistance against Rifampicin, thus
helping in delivering proper treatment. Antibody detection is
also a good method to test the presence of MTB, but it does not
show very promising results in systematic reviews and meta-
analyses.
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