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ABSTRACT
Tuberculosis (TB) is a major global problem, especially with the high prevalence 
of HIV-TB co-infection. Delayed diagnosis and continual transmission contribute 
to high mortality in Indonesia, which has the third highest incidence of TB in the 
world, after China and India. Therefore, early diagnosis is needed to reduce the 
number of cases and to administer therapy to prevent the transmission of bacteria. 
The diagnosis of TB remains a challenge in clinical practice due to poor sensitivity 
and the requirement of skilled staff in microscopic tests, the slow growth 
Mycobacterium in culture, and the low number of bacilli present in extrapulmonary 
TB. Despite being the golden standard for TB diagnosis, cultures require 2–8 weeks 
to grow. Other methods for diagnosing TB include interferon-gamma release 
assays and serologic tests such as the tuberculin skin test. Recently, the World 
Health Organization recommended the GeneXpert MTB/RIF assay for diagnosing 
TB. This review presents the current state of TB epidemiology and various methods 
for TB diagnosis. In particular, the paper provides an in-depth discussion about the 
GeneXpert MTB/RIF assay that has been made available recently in selected tertiary 
hospitals in Indonesia.
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Tuberculosis (TB) imposes a significant disease 
burden on society due to its high morbidity and 
mortality. In 2017, there were about 10 million new 
cases. There were 1.3 million deaths among human 
immunodeficiency virus (HIV)-negative people and 
300,000 deaths among HIV-positive people attributed 
to TB globally. Among the global major causes of 
death in 2016, TB became the 10th greatest cause of 
death after ischemic heart disease, stroke, chronic 
obstructive pulmonary disease, lower respiratory tract 
infections, Alzheimer’s disease and other dementias, 
tracheal, bronchial and lung cancers, diabetes mellitus, 
road injuries, and diarrheal diseases.¹

Along with the growing HIV epidemic, TB affects 
all countries. Two-thirds of all TB cases are found in 

only eight countries: India (27%), China (9%), Indonesia 
(8%), Philippines (6%), Pakistan (5%), Nigeria (4%), 
Bangladesh (4%), and South Africa (3%). Indonesia 
ranks third in the world in the number of TB cases, after 
China and India. Of the 264 million people in Indonesia 
(in 2017), the total TB incidence was 842,000 and the 
total HIV-TB co-infection incidence was 36,000. The 
mortality rate for that year was 107,000 deaths among 
HIV-negative TB cases and 9,400 deaths among cases 
of HIV-TB co-infection.1 The disease poses a significant 
economic impact in the country, as 75% of TB survivors 
are from the productive age group (15–50 years old), 
who often become unable to work and also lower 
the productivity of other family members or carers.2 
A previous study showed that the economic impact 
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of TB in Indonesia is extremely high with a total of 
$6.9 billion US dollars in 2015. This was attributed 
to the loss of productivity due to premature deaths  
and illnesses, as well as medical and non-medical 
costs.³

The mortality rate of TB remains high partially 
due to delayed diagnoses and uncontrolled 
transmission. Rapid detection of TB is needed to 
start anti-TB treatment so that further transmission 
can be prevented. The commonly used methods 
for detecting Mycobacterium tuberculosis include 
microscopy and culturing. Other methods to 
diagnose TB include the tuberculin skin test (TST), 
interferon-gamma release assay (IGRA), and nucleic 
acid amplification test (NAAT).

The TST is a delayed-type hypersensitivity 
reaction that occurs in TB-infected individuals. The 
limitations of TST include antigenic cross-reactivity, 
low sensitivity, low specificity, and the potential for 
false-positive results. IGRA examines the interferon-
gamma (IFN-γ) response to TB antigens, including 
early secretory antigenic target-6 (ESAT-6), cultures 
filtered protein-10 (CFP-10), and TB7. Due to its higher 
specificity compared to TST, IGRA is particularly 
useful for diagnosing TB in immunocompromized 
persons and patients with inflammatory diseases.⁴ 
GeneXpert MTB/RIF (Cepheid, Sunnyvale USA) 
is a recommended molecular assay to detect M. 
tuberculosis that provides additional advantages 
compared to conventional methods. The assay uses 
quantitative real-time polymerase chain reaction 
(qRT-PCR) to detect both M. tuberculosis and 
rifampicin resistance within 2 hours.5–7 This review 
discusses the basic concept of TB, the different 
types of diagnostic methods, and the specimens for 
TB diagnosis.

The microbe and pathogenesis of TB
TB is an infectious disease caused by the 

Mycobacterium tuberculosis complex (MTBC).⁸ 
Besides M. tuberculosis, MTBC consists of other 
related species such as M. africanum, M. microti, and 
M. bovis.⁹ The Mycobacterium genus is categorized 
as acid-fast bacilli (AFB) due to its resistance to acid-
alcohol decolorization.

Based on the site infected, TB can be divided 
into pulmonary and extrapulmonary TB (EPTB). The 
infection is initiated by the aerosol inhalation of M. 
tuberculosis. After inhalation, the droplet nucleus 

is deposited into the bronchial tree which attach 
to bronchiole or alveoli.10,11 Initial TB infection is 
characterized by an innate immune response involving 
inflammatory cells. The adaptive immune response 
is characterized by the dissemination of the bacteria 
in lymph nodes where antigen presentation in the 
dendritic cells leads to T cell activation and expansion 
into the lungs. The infiltration of T cells, B cells, 
macrophages, and leucocytes triggers a formation of 
granuloma that contains the M. tuberculosis (Figure 
1).¹² The bacteria entering human lungs are mostly 
digested by alveolar macrophages, but some of the 
bacteria multiply inside the macrophages and are 
later released after the macrophages are dead. The 
living macrophages (containing M. tuberculosis) can 
spread the bacteria via the lymphatic system or via 
the bloodstream into the tissues and organs; leading 
to EPTB.¹⁰ Around 15–20% of EPTB affects the lymph 
nodes, meninges, kidneys, the spine, and bones. 
EPTB has an atypical clinical presentation that is 
often stimulated by neoplasia or inflammation.¹³

TB transmission occurs when an infected person 
spreads droplets into the air. The main symptoms of 
TB in adults and children include a persistent cough, 
low-grade fever, lethargy, loss of weight, and night 
sweats. TB transmission is determined by a number 
of factors. First, the level of infectivity or disease 
severity; which is assessed using sputum microscopy 
and chest radiology. Second, the contact history 
with TB patients and the duration of the contact; the 
more frequent and the longer the contact between 
a healthy individual and an infected person will 
increase the chance of TB infection. Third, the space 
of exposure; where small, enclosed spaces with 
inadequate ventilation are conducive to transmission. 
Fourth, the infectivity of bacterial strain; some 
strains of M. tuberculosis are more infectious than 
the others. For example, the extrapulmonary strain 
has higher infectivity than the pulmonary strain, as 
it can harm the macrophages more effectively.11,14,15

TB infection in a susceptible individual is 
indicated by a positive AFB smear or in radiographic 
results. The indicative radiology findings include hilar 
lymphadenopathy, lobar or segmental consolidation, 
pleural effusion, miliary lesions, atelectasis, infiltrate 
calcification, and tuberculoma. A major challenge 
for TB diagnosis using conventional methods is 
their poor sensitivity in detecting M. tuberculosis 
(20–80%).16–18 The diagnosis of EPTB is even more 
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challenging due to the low number of bacteria in the 
specimens taken from infected sites.¹⁹ Culturing is the 
standard reference to diagnose TB, but this requires 
2–8 weeks.20,21 Further details on TB diagnosis and 
the challenges are discussed below.

Diagnosis: methods and samples
Diagnosis appraisal of TB includes medical 

history, physical examination, and further 
examination to identify M. tuberculosis infection. 
In pulmonary TB, the etiological diagnosis is based 
on the results of microscopic tests, culturing, 
and other tests (preferably tests that provide 
rapid results). If the laboratory results come back 
negative, clinical diagnosis and further tests should 
be performed. In extrapulmonary TB, the diagnosis 
is determined through clinical examination as well as 
bacteriological and/or histopathology results from 
the affected site.²

The first and the most common diagnostic 
method for TB infection is AFB staining with carbol 
fuchsin (Ziehl Neelsen and Kinyoun–Gabbet methods) 
and fluorochrome (auramine-rhodamine stains). The 

second method is the cultivation of specimens using 
a specific medium to grow out the bacilli. The third 
method is a serological assay with TST or Mantoux 
test. The fourth method for TB detection is IGRA, and 
the last method is NAAT with GeneXpert MTB/RIF 
assay (GeneXpert).⁴

The results of the AFB staining are interpreted in 
accordance with the classification criteria established 
by the World Health Organization (WHO). This 
diagnostic method is inexpensive and rapid. However, 
it has poor sensitivity (~70%) and is dependent on the 
skill of the personnel performing the test.7,10 If the 
result of the AFB staining is negative but the clinical 
suspicion is high, culturing should be performed to 
test for M. tuberculosis.4,22

Culturing is a golden standard in the diagnosis 
of M. tuberculosis infection.4,11 The specimens used 
to grow the bacteria is taken from the site or organ 
with suspected TB infection, such as sputum, urine, 
cerebrospinal fluid (CSF), pleural fluid, pus, and 
tissue biopsy. Sputum is collected in various ways. 
For example, by spontaneous coughing, coughing 
induction using saline inhalation, bronchoscopy, and 

Figure 1. Pathogenesis of tuberculosis
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gastric aspiration.¹⁰ The culturing of bacteria is an 
important test of TB as it can also be used to analyze 
drug susceptibility and increase the detection of 
smear-negative AFB. It can be performed in solid 
media such as Lowenstein Jensen (LJ), Ogawa, 
Middlebrook 7H10 and 7H11 or liquid media such 
as  Bactec™ mycobacteria growth indicator tube 
(MGIT™) 960 System, Bactec™ 9000MB, etc.¹⁷

The specimens intended for culturing is 
processed through digestion and decontamination 
with N-acetyl-L-cysteine and sodium hydroxide 
(NALC/NaOH) and centrifugation of 3,500g for 15 
min. Then, the specimen is resuspended in 1 ml 
of sterile buffer phosphate (pH 6.8) before being 
placed into a solid medium (such as LJ medium) with 
a specimen volume of 0.2 ml or liquid media such as 
MB/BacT (bioMérieux, Marcy l’Etoile, France) and 
Bactec™ MGIT™ 960 with a specimen volume of 0.5 
ml. Lastly, the specimen is incubated at 37°C for 6 
weeks.17,23 Culturing of M. tuberculosis is effective at 
10–102 CFU/ml and has a higher sensitivity than AFB 
staining. However, the growth of M. tuberculosis in 
culture is very slow. Thus, the culture may require 
up to 8 weeks of incubation to grow.²⁴ In addition, 
appropriate laboratory infrastructure and skilled 
staff are needed.18,22,25

TST uses tuberculin is a purified protein derivate 
that can induce a delayed-type hypersensitivity after 
intradermal injection. A positive reaction is indicated 
by a 5 mm induration in immunocompromized 
patients, a 10 mm induration in immunocompetent 
children and in adults who have never received 
any vaccination, and 15 mm in those who have 
been vaccinated. The sensitivity and specificity of 
the tuberculin skin test among these groups are: 
100% and 90.3%, 97.2% and 91.9%, 86.1% and 94.2%, 
respectively. There is a possibility of cross-reaction 
with other antigens from the Bacilli Calmette-Guérin 
(BCG) vaccine and environmental mycobacteria.4,11 It 
has been reported that the test can generate false-
positive results in 86.1% of individuals who have been 
previously vaccinated with BCG.²⁶ If the TST result 
is positive in BCG-vaccinated individuals, further 
confirmatory tests should be performed.

IGRA is a diagnostic method that involves 
measuring the immune response of IFN-γ to TB 
antigens, including ESAT-6, CFP-10, and TB7.7. Those 
antigens were encoded by the gene in a region of 
difference 1 of the M. tuberculosis complex. Because 

this method detects the immune response to TB 
antigens located in specific regions of the bacterial 
gene, it has higher sensitivity and specificity than 
TST.4,11

The IGRA method is based on the enzyme-linked 
immunosorbent assay (ELISA) and the enzyme-
linked immunospot (ELISpot) assay. An example of 
the ELISA-based kit is QuantiFERON®-TB Gold In-
Tube (Cellestis Ltd., Carnegie, Australia) whereas 
the T-SPOT®.TBTM test (Oxford Immunotec Inc., 
Abingdon, UK) is based on the ELISpot assay.²⁷ The 
specificity of IGRA is higher than TST, thus IGRA is very 
useful for the screening of TB, TB-HIV co-infection, 
and TB in immunocompromized patients. A limitation 
of IGRA is the presence of the mononucleated cells in 
peripheral blood that can generate both false-positive 
or negative results.⁴

The most recent method used for TB detection is 
molecular assay. The molecular method has a rapid  
turn-around time so it is preferable over culturing. 
A novel and advanced technique for TB molecular 
detection is the GeneXpert MTB/RIF assay. The assay 
is a qRT-PCR based molecular test that detects the 
presence of M. tuberculosis within less than 2 hours.4,25 
This rapid assay was recommended by WHO in 2010 
as the diagnostic test to detect TB and rifampicin 
resistance.1,28

GeneXpert MTB/RIF is an automatic cartridge-
based assay that has many benefits. First, the 
closed amplification system can reduce the potency 
of cross-reactions.⁵ Second, the GeneXpert assay 
can yield information about rifampicin resistance 
coded in the rpoB gene.²⁹ The rpoB gene is 
responsible for 96% of rifampicin resistance cases in 
M. tuberculosis infection. Rifampicin resistance is a 
key predictor for multidrug-resistant TB (MDR-TB), 
as most of the bacteria resistant to rifampicin are 
also resistant to isoniazid.⁵ Third, it can be used as a 
substitute for the microscopic test as it can detect 
the presence of the bacteria in both negative and 
positive smears. Fourth, the GeneXpert assay is able 
to recognize the presence of M. tuberculosis taken 
from different specimens. Lastly, the WHO asserted 
that the GeneXpert can be utilized as a preliminary 
test in suspected pulmonary TB patients.²⁹

The GeneXpert MTB/RIF platform processes the 
specimens and analyzes them automatically. The 
platform consists of two components. That is, (i) a 
cartridge that contains sample reagent, PCR buffer, 
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and qRT-PCR lipophilic reagent; and (ii) a GeneXpert 
instrument that controls the liquid inside the cartridge 
and performs a qRT-PCR analysis. The GeneXpert 
instrument amplifies the sequence of the rpoB gene 
that is specific to the genome of M. tuberculosis. The 
primer sequence of M. tuberculosis and rpoB-specific 
molecular beacons are modified to run a hemi-nested 
PCR reaction so that it does not report the non-
tuberculous mycobacteria. It can also optimize the 
detection of rpoB mutations as the predictor of MDR-
TB.5,25 In this platform, M. tuberculosis is detected using 
five overlapping molecular probes (A–E) in the 81 bp 
region of the rpoB gene. The bacterium is identified if 
at least two of the five probes show positive signals 
with a cycle threshold (Ct) of 38 cycles or less. A Ct is 
the number of cycles needed to obtain a positive result. 
The Ct values are classified into high (<16), medium (16–
22), low (22–28), and very low (>28) categories.⁶

During the assay, the GeneXpert’s sample 
reagent containing NaOH and isopropanol (3:1) is 
added to 0.5 ml of sample.18,20 The addition of these 
reagents was aimed to dilute the sample, to reduce 
the infectiousness of the sample, and to inactivate 
the PCR inhibitors.¹⁷ The container consisting of 
the specimen is agitated twice within 15 min and 
incubated at room temperature.22,28 Then, 2 ml of the 
mixture is inserted into the cartridge and the PCR 
is run automatically to detect M. tuberculosis and 

rifampicin resistance.17 In pulmonary TB, the assay 
can be performed using either raw sputum or pellet 
sputum.5,18

The GeneXpert assay may also produce false-
positive or false-negative results. False-positive 
results are often caused by false amplification target 
whereas false-negative results are often related to 
the problems with the sample, reagent, or the extent 
of PCR inhibitors.⁵ Error in sample processing can be 
minimized using Bacillus globigii spores as an internal 
control. The spores are inserted into the cartridge 
to ensure the lysis of M. tuberculosis and to detect 
PCR inhibitors.²⁸ The GeneXpert instrument requires 
stable electricity, an appropriate temperature 
(<30°C), and routine calibration of the cartridge 
module.16,18 Various diagnostic methods to detect 
M. tuberculosis and their availability in Indonesia are 
presented in Table 1.

Samples for GeneXpert assay
Sputum samples are required for diagnosing 

pulmonary TB, while for the diagnosis of EPTB the 
specimens can be obtained from pleural fluid, aspirate 
or tissues from lymph node, or CSF.³⁰ For either 
pulmonary TB or EPTB, there are some specimens that 
can be subjected to GeneXpert assay. It is important 
to note, however, that specimens that are not of the 
respiratory system contain a low number of bacilli. 

TB=tuberculosis; NAAT=nucleic acid amplification test; AFB=acid-fast bacilli; HPLC=high-performance liquid chromatography
*Adapted from the diagnosis of TB in adults and children, Infectious Diseases Society of America guideline11 

Test* Sensitivity (%) Specificity (%) Availability in 
Indonesia

NAAT-TB detection 85 97 Limited to some labs

NAAT-resistance markers (NAAT-R), for example, GeneXpert MTB/RIF 
assay >92 >99 Limited to some 

tertiary hospitals

AFB microscopy 70 ≥90 Widely available

Growth detection

   Liquid 90 99 Limited to referral 
hospitals or some labs   Solid 88 99

Identification of Mycobacterium tuberculosis complex by DNA probe/
HPLC 99 100 Limited to research labs 

only

First-line drug susceptibility testing (liquid medium) ≥97 ≥97 Limited to referral 
hospitals or some labs

Second-line and novel compound drug susceptibility testing

   Liquid (broth-based) medium ≥92 ≥97 Limited to referral 
hospitals or some labs   Solid (agar/egg-based) medium 82–99 92–100

Table 1. Various laboratory procedures used to detect M. tuberculosis
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The specimens for microbiology diagnostics should be 
collected from sterile locations. The sample reagent is 
added to the sample with the ratio of 2:1, except for 
CSF (ratio 3:1). The collected sample is then incubated 
at room temperature for 15 min. Following incubation, 
the sample is inserted into the cartridge and tested 
using the GeneXpert instrument.¹³

Lymphadenitis TB is the most frequent form of 
EPTB. The sample can be obtained from the tissue 
or aspirated using fine needle biopsy from the lymph 
node. The use of fresh samples will yield a higher 
sensitivity than frozen samples.³⁰ In pleural TB, 
the sample is taken from the pleural fluid whereas 
meningitis TB can be diagnosed using a CSF sample. 
The use of the GeneXpert assay has a high sensitivity to 
lymphadenitis TB, medium sensitivity to meningitis TB, 
and low sensitivity to pleural TB.¹⁹

It was also reported that there were different 
sensitivities of the GeneXpert assay that depend on 
the type of samples used.¹⁹ The sensitivities of the 
assay using tissue biopsy, fine needle aspirate, gastric 
aspirate, pus, CSF, and urine are 75%, 88.3%, 78.7%, 
87.3%, 85.7%, and 87.5%, respectively. Sensitivity values 
are lower using samples from pleural fluid (44.4%), and 
other body fluids such as pericardium, peritoneum, and 
synovial fluid (50%).

Sputum is the most frequently used sample for 
the diagnosis of pulmonary TB. Either raw sputum or 
pellet sputum can be used in the GeneXpert assay. 
The pellet sputum is raw sputum that is processed 
by liquefaction, decontamination using NALC/
NaOH, and centrifugation.¹⁷ The raw sputum can be 
obtained by either spontaneous expectoration by 
the patient or after sputum induction. The types of 
sputum have different requirements for storage and 
transport. Pellet sputum can be stored at 2–8°C for 
up to 7 days, while raw sputum can be stored at a 
maximum of 35°C for 3 days and then moved to 2–8°C 
over the next 7 days. Previous studies reported that 
the sensitivities of GeneXpert using raw or pellet 
sputum are similar.17,23 Gastric aspirates can be 
subjected to the assay if the patient is old and cannot 
expel sputum effectively.

Another type of sample that can be used is fecal 
specimen. The required volume of the fecal specimen 
is 2 cm³. Ten milliliters of distilled water is required 
during the homogenization of the specimen using 
a vortex.³¹ The mixture of the fecal specimen and 
distilled water is incubated at room temperature for 

15 min and then centrifuged 3,000g for 20 min. The 
sediment is then decontaminated using 10 ml of 3% 
NALC/NaOH for 15 min at room temperature. The 
sample is then mixed with 40 ml of phosphate buffer 
(pH 6.8) and then centrifuged 3,000g for 20 min. The 
sediment is then resuspended in 3 ml of phosphate 
buffer and then inoculated into Ogawa medium and 
MGIT™. The remaining sample can be stored at −80°C 
for 1 to 3 months.³¹

Diagnosis of TB in Indonesia
In Indonesia, the diagnosis of TB is based on 

clinical signs and symptoms, laboratory findings, and 
supporting examinations. The most common laboratory 
tests include direct microscopic examination, culturing 
using a solid medium (LJ) or liquid medium (MGIT™), 
and a rapid molecular test. The rapid molecular test 
can be performed by using GeneXpert MTB/RIF assay 
to diagnose TB, but not for treatment evaluation. 
The supporting examinations include radiology and 
histopathology.32–34

The Indonesian Ministry of Health developed 
a workflow for diagnosing TB. It is described as 
follows: First, a thorough clinical examination should 
be performed on adult patients with a productive 
cough of 2 weeks or more. The sputum should be 
taken three times for the microscopic evaluation 
of AFB. If any of the results in the microscopic test 
is positive, the patient is treated as TB positive. If 
the results of the microscopic test are negative but 
there is a strong clinical suspicion, the patient should 
be referred to a more advanced health service 
provider for chest X-ray examination and/or other 
tests, such as rapid test or culturing. A suggestive 
X-ray result justifies TB treatment even when the 
results of the microscopic test are negative. In a 
situation where the patient cannot be referred, the 
patient can be treated with antibiotics and then re-
evaluated. Should there be a clinical improvement 
after antibiotics treatment; the patient would be 
considered as non-TB. If there is no improvement, 
the clinical assessment and sputum microscopic 
tests should be repeated. Drug susceptibility testing 
can be performed if the culture is identified as M. 
tuberculosis. In cases where the bacteria are resistant 
to rifampicin, the patient should be referred to 
health facilities that are able to treat MDR-TB.²

The diagnosis of TB in children is based on 
the history of contact, clinical examination, and 
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supportive tests. AFB may be detected from 
microscopic testing of sputum samples or tissue 
biopsy. Culturing may also be performed but 
serological testing is not recommended by WHO. 
The use of GeneXpert MTB/RIF in children is limited 
because its sensitivity (48%) is lower than that of 
culturing and clinical examination. In addition, a 
negative result of GeneXpert assay does not always 
mean that the child does not have TB. Other tests 
that may be helpful in diagnosing TB in children 
include radiology and TST. The Indonesian Ministry 
of Health developed a scoring system to diagnose 
TB in children. The scoring system is based on the 
history of TB contact, TST results, the presence of an 
undifferentiated fever for 2 weeks or more, a chronic 
cough for 3 weeks or more, cervical/axillary/inguinal 
lymphadenopathy, enlargement of bone or joint in 
waist/knee/finger, and the chest X-ray result.³⁴

Despite the available diagnostic methods in 
Indonesia, there are still a high number of TB cases 
that are currently unreported. To overcome this, 
a compulsory policy on notification and intense 
engagement with the public and private hospitals 
wherever many TB patients were being treated is 
recommended. In addition, the use of GeneXpert 
in a national TB prevalence survey could increase 
the detection of TB cases. Previously, the survey 
only consisted of using a cough of 2 weeks or more 
for screening and microscopy for diagnosis. After 
2013–2014, more sensitive methods were used for 
the survey, there are screening using symptoms and 
X-ray results; and diagnosis by smear and culturing 
with the GeneXpert assay to confirm smear-positive 
specimens. As a result of active, intensive case 
finding and mandatory notification, TB detection has 
increased significantly since 2016.

TB, as one of the major global problems, can be 
diagnosed using several methods such as culturing, 
microscopic examination, TST, IGRAs, and NAAT. At 
present, WHO recommends the use of GeneXpert, 
as the assay works rapidly and automatically thus TB 
detection can be increased. In Indonesia, the standard 
TB diagnosis method employs clinical examination 
and sputum microscopy that is supported by chest 
radiology. If the results of the sputum microscopy 
are negative, other tests can be performed such as 
culturing and NAAT.
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