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Abstract:Nowadays, tuberculosis (TB) still remains one of the deadliest communicable 

diseases despite the medical advancements in recent years. Although many laboratory 

methods have been developed to tackle this issue, it is important to distinguish tests that 

detect active TB from latent TB. In most infected people, the disease remains clinically 

asymptomatic and microbiologically inactive. Many years after the initial infection, patients 

develop active TB through endogenous reactivation of the latent infection at some point in 

their life. Detecting patients with either form is therefore, an important component of the 

control of the disease. A good understanding of the effectiveness and limitations of each 

method will contribute to enhance the diagnosis of the disease. This review summarizes the 

performance of diagnostic tools in the detection of latent tuberculosis infection (LTBI) and 

active TB; and also discusses the way forward for future methods of the diagnosis of active 

pulmonary TB. 

Keywords :Diagnosis; latent tuberculosis infection; active tuberculosis infection. 

 

Introduction 

Tuberculosis (TB) is an infectious disease caused by the bacillus Mycobacterium tuberculosis 

(Mtb). It usually affects the lungs (pulmonary TB) but can also affect other parts of the body 
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(extrapulmonary TB). One-third of the world's population is thought to be infected with TB; but 

most infections do not have symptoms, in which case it is known as latent tuberculosis (LTB). 

About 10% of latent infections progress to active disease which, if left untreated, kills about half 

of those infected. The disease is air-borne and can be transmitted only by people who are sick 

with the active infection [1]. Tuberculosis (TB) is a major global health problem since it is 

responsible for ill-health among millions of people each year and ranks as the number one 

infectious killer; moreover, TB also represents the main cause of deaths related to antimicrobial 

resistance and the leading cause of death of people with HIV worldwide. In 2016, there were 1.7 

million TB-related mortalities and an estimated 10.4 million new cases (incidence) were reported 

to the World Health Organization (WHO) [1]. However, there are many new cases that are 

underdiagnosed and not reported; the quality of care for people in the latter category is unknown. 

This is affected by both patient and health care delay; and can be linked to poverty, rural 

residence, limited access to health care facilities and poor knowledge of TB. The factors 

associated with delayed diagnosis are coexistence of other lung diseases, the absence of 

hemoptysis, extrapulmonary tuberculosis, poor health care infrastructure, and the lack of 

appropriate diagnostic tools [2]. Host factors such as age and immunocompetence also have a 

great effect on the ability to detect TB. But it should be noted that with a timely diagnosis and 

correct treatment, most people who develop TB disease can be cured [1]. For an overview of the 

TB diagnostic tests, in this review we firstly presented the methods used to diagnose latent TB 

infection (LTBI); secondly, those used to diagnose active TB, thirdly we talked about TB 

detection’ new technologies and finally, we discussed about some other tests used to detect TB. 

 

 

https://en.wikipedia.org/wiki/Latent_tuberculosis
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DIAGNOSTIC METHODS FOR LTBI 

Individuals with LTBI are not infectious and do not exhibit any clinical, radiological or 

bacteriological evidence of the pathogen. To date, there are two types of commercially available 

tests used to identify LTBI: the Tuberculin Skin Test (TST) and the Interferon Gamma Release 

Assays (IGRAs) [3]. They both represent an indirect assessment of the presence of LTBI by 

relying on host’s immunological responses to TB antigens [4]; and neither of them accurately 

differentiates between both forms of TB infection [3]. 

 

Tuberculin Skin Test (TST) 

This test utilizes a heterogeneous mix of protein antigens present in both TB and other 

mycobacteria known as Purified Protein Derivative (PPD) to assess immune activation in the 

form of induration at the site of injection. The delayed hypersensitivity caused by T cells to the 

TST is determined 2 to 3 days after the injection by measuring the transverse diameter (in 

millimeters) of the skin induration [4]. The cut-off value used to define a positive reaction 

depends on the individual’s risk profile for TB. Usually on the one hand, a lower cut-off value of 

≥ 5mm is used for patients at higher TB risk - these are patients with organ transplants, HIV 

patients and people who have had recent contact with active TB patients. On the other hand, a 

higher cut-off value of ≥ 10mm is applied for patients at lower TB risk - this include, children 

and diabetes patients [4]. This test can produce false-positive and false-negative responses due to 

the presence of antigens from mycobacteria other than the Mtb complex and the Bacille 

Calmette-Guérin (BCG) vaccination amongst others [5]. The sensitivity and specificity of the 

TST depend on the presence or absence of active TB and on the risk factors for TB. In 

immunocompetent adults, the sensitivity is 77% and specificity is 66% [6]. In children (under 18 
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years) of the same immunological status, it is estimated that the sensitivity of the test is 88.2 % 

and its specificity is 86.3 % [7].  

 

Interferon Gamma Release Assays (IGRAs) 

There are two types of kit available on the market: the QuantiFERON-TB Gold In-Tube (new 

version of the QuantiFERON-TB Gold) which measures the concentration of Interferon Gamma 

(IFN-G) produced in whole blood by Enzyme - Linked ImmunoSorbent Assay (ELISA) and the 

T-SPOT.TB assay which measures the number of Mycobacterium-specific T cells secreting IFN-

G by Enzyme - Linked ImmunoSorbent Spot (ELISPOT) assay [3]. Like the TST, the sensitivity 

and specificity of the IGRAs are dependent on the heterogeneity of the population. A studydone 

by Pai et al. in 2008 with immunocompetent adults estimated the sensitivity of the 

QuantiFERON-TB Gold In-Tube to be 78% and its specificity to be 96%. For the T-SPOT.TB, 

their results revealed a sensitivity of 90% and a specificity of 93% [6]. In 2016, Laurenti et al. 

showed that in immunocompetent children under 18 years, the sensitivity of the test was 89.6% 

and its specificity 95.4%. For the T.SPOT, their results showed sensitivity and a specificity of 

88.5% and 96.8% respectively [7]. 

 

 

DIAGNOSTIC METHODS FOR ACTIVE TB 

Clinical Diagnosis 

Symptom screening 

Although many symptoms are associated with active pulmonary tuberculosis, there is no perfect 

standard symptom screen. In fact, the current WHO recommendation is to evaluate either for a 
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cough lasting more than two weeks or of any duration, fever, night sweats, hemoptysis and 

weight loss, depending on the resources available and background rate of TB [8]. In patients 

living with HIV, WHO recommends a slightly different screen for cough of any duration, fever, 

night sweats and weight loss [8]. But the utility of screening for TB symptoms is difficult due to 

its poor sensitivity. In fact, in the year 2000, among microbiologically confirmed pulmonary TB 

patients in the United States, 75% were reported to have a cough of any duration, 52% had a 

cough of more than 2 weeks, 58% had fatigue, 50% had a subjective fever, 46% reported sweats, 

43% indicated weight loss, 41% mentioned chest pain and 23% talked of hemoptysis [9]. 

Furthermore, a meta-analysis of surveys done by van’t Hoog, et  al. in low HIV and high TB 

incidence countries showed that in the case of a prolonged cough (>2 weeks), the sensitivity for 

TB was 24% and the specificity 96% [10].  

 

Chest X-ray 

This has been a part of TB diagnosis for over a century but it has a low specificity. Even when a 

patient presents an X-ray with some patterns of abnormality such as upper lobe infiltrates or 

cavitary lesions which are considered to be “typical” for TB [11], the specificity is still low. A 

survey conducted in the United States on TB suspects with typical chest x-ray changes showed a 

specificity of only 63%. By limiting suspects to those with typical infiltrates, the sensitivity 

dropped to 73% [11]. A community survey in high - TB and - HIV prevalent South Africa 

demonstrated that the specificity for any abnormal chest x-ray is 67%, and when limited to 

typical changes it is 83% [12]. Apart from its low specificity, the method has a subjective nature 

of interpretation because even amongst experienced radiologists and chest clinicians there are 

high levels of inter-observer variability [13]. 
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Microbiological Diagnosis 

Sputum smear microscopy 

This method relies on the direct visualization of acid-fast bacilli (AFB) in specimen. Sputum 

smears are prepared by spreading a portion of the sputum specimen on a glass side and applying 

a stain. Of the most common available stains, fluorescence is considered to be the most sensitive 

[14]. Steingart et al demonstrated that fluorescence was 10% more sensitive than Ziehl Neelsen 

which is the standard AFB stain; but the two stains have similar specificities. Furthermore, 

fluorescent staining also reduces reading time to 1 minute for a single smear compared to 4 

minutes for a conventional smear [15]. The overall sensitivity of the sputum smear varies from 

20% to 80%; and this high variability depends on both the abundance of Mtb in the sample and 

the operator skill [16]. Though it is time - consuming and does not differentiate between Mtb and 

other mycobacteria, smear microscopy has the advantage of being less expensive, with low 

technical requirements, and is therefore the most widely used tool for bacteriological diagnosis 

of TB in low and middle income countries in both children and adults [1].  

Sputum culture 

Solid media culture 

This is usually done on the Lowenstein-Jensen medium, which contains a mixture of 

antimicrobial agents that allows only the growth of Mtb, making it therefore possible to 

distinguish between Mtb and other mycobacteria. Although this method is more sensitive than 

smear microscopy and has the added advantage that it also permits drug sensitivity to be carried 

out [14], it takes 4 to 6 weeks to yield results and relies on sophisticated laboratory facilities and 

skilled technicians, all of which contribute to limiting its utility [13]. 
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Liquid media culture 

Mtb’s detection time can be shortened by the use of liquid culture systems which include the 

MycobacT system and the BACTEC MGIT 960. Unlike the initial culture media which were 

based on radioactive growth indicators, these new systems measure changes in carbon dioxide 

production or oxygen consumption fluorimetrically or colorimetrically and allow continuous 

monitoring of cultures. They have an increased sensitivity of 10% over solid media culture [17].  

 

Nucleic acid amplification tests (NAATs) 

These are molecular systems which are able to rapidly (in some hours) detect small amounts of 

genetic material from Mtb by repeatedly amplifying target sequences. Their ability to detect TB 

shows a high degree of heterogeneity which may be explained by the use of different sample 

collection and preparation protocols [18].  

Isothermal – based amplification techniques 

One of the approved kits by the United States Food and Drug Administration (FDA) is the 

Enhanced Amplified Mycobacterium tuberculosis Direct Test ([E-MTD] Gen-Probe, San Diego, 

CA) which is based on a combination of an isothermal transcription-mediated amplification of a 

portion of the 16S rRNA with a detection method that uses a hybridization probe specific 

for Mtb complex bacteria. In TB suspects, this test displays a sensitivity of >95% for detecting 

Mtb bacteria in respiratory specimens from AFB smear-positive suspects and 75% to 90% in 

respiratory specimens from AFB smear-negative ones [19]. 

 

Polymerase Chain Reaction (PCR) – based amplification techniques 
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This is the most common of the amplification methods. It exists in many commercially available 

kits. One of them is the Amplicor Mycobacterium tuberculosis Test ([Amplicor] Roche 

Diagnostics, Basel, Switzerland) which is approved to detect Mtb complex bacteria onlyin AFB 

smear-positive samples from TB suspects. The test uses PCR to amplify a portion of the 16S 

rRNA gene containing a sequence that hybridizes with an oligonucleotide probe specific for the 

bacteria. It displays a sensitivity of >95% for detecting Mtb bacteria in respiratory specimens 

from AFB smear – positive and a sensitivity of 60% to 70% in those from AFB smear – negative 

suspects [19]. 

 

The Line Probes Assay (LPA) is another class of diagnostic PCR – based techniques. It is mainly 

used in identifying and detecting drug resistant TB simultaneously either directly from AFB 

smear – positive sputum or indirectly from culture of patient samples in about 12 hours. On the 

market, the test is present in two varieties: the INNO-LiPA and the GenoType MTBDRplus, 

which both have probes for the rpoB gene to predict phenotypic resistance to rifampin. They 

have a sensitivity of about 95% for rifampin resistance and a specificity of 98% compared to 

phenotypic drug susceptibility testing (DST) [20]. The last set of probes used by this system are 

probes for embB, which encodes for a portion ofarabinosyltransferase that is the target of 

ethambutol. The performance forsecond line DST is not as good as for rifampin, with the system 

only capable of identifying85% of fluoroquinolone resistance and ranging from 66% to 87% for 

the injectables(amikacin, capreomycin and kanamycin). But its specificity is still good, being 

greater than 95% [21]; and thus far they represent the only rapid molecular tests recommended 

by the WHO to detect whether patients with confirmed multidrug-resistant (MDR) or rifampicin-

resistant TB have XDR-TB [22]. In spite of their value as rapid and accurate diagnostic tools, 
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LPAs are used only in developed countries because of their high cost and the assumption that 

such sophisticated tests cannot be implemented in low-resource settings [1]. 

 

NEW TECHNOLOGY FOR TB DIAGNOSTIC 

In 2011, the WHO endorsed the GeneXpert (Xpert
®
 MTB/Rifassay) for the diagnosis of TB. The 

system contains a Xpert probe for the rpoB gene of the Mtb which encodes for the majority of 

rifampin resistance. This resistance is a strong indicator of concurrent isoniazid drug and then 

multi-drug resistant (MDR) TB [23]. All these make it to simultaneously detect Mtb and 

rifampin resistance-related mutations utilizing a DNA PCR technique. The cartridge is easy to 

use and has high diagnostic accuracy for pulmonary TB [24]; moreover, it has a pooled 

sensitivity in sputum samples of 89% compared to culture and a specificity of 99% [25]. 

Steingart et al, showed that the GeneXpert had a sensitivity of 95% and a specificity of 98% for 

rifampin resistance compared to these standards and DST [25]. Nonetheless, the GeneXpert is 

unable to provide additional DST and therefore cannot be used to establish the optimal 

therapeutic regimen. In addition to that, the system has decreased specificity in recently treated 

active TB patients, because its positivity does not distinguish viable from nonviable Mtb and 

cannot be recommended for treatment monitoring [26].  Recently, the next-generation Xpert® 

MTB/RIF Ultra cartridge has been found to have significantly better performance in terms of 

sensitivity than the Xpert MTB/RIF cartridge. After evaluation, WHO recommended it for use as 

the initial diagnostic test for all adults and children with signs and symptoms of TB, and for the 

testing of selected extrapulmonary specimens (cerebrospinal fluid, lymph nodes and tissue 

specimens) [1].  
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Either the Xpert® MTB/RIF cartridges or the next-generation Xpert MTB/RIF Ultra cartridges 

can be used in GeneXpert Omni® (Omni). Omni is described by the manufacturer as a small, 

light and durable instrument designed for simultaneous testing for TB and rifampicin resistant 

TB using. Fields evaluation of this technology is not yet available [1].  

Currently, there are several new Xpert-based technologies that are emerging from the 

development pipelines (Table 1). 

Table 1: New TB diagnostic pipeline 

Tests Description 

Gendrive MTB/RIF ID, 

Epistem, UK 

Portable RT-PCR for MTB and 

RIF resistance; 

Lower sensitivity than smear 

Xpert XDR-TB cartridge, 

Cepheid, USA 

Next-generation cartridge-based detection of MTB;   

nucleic-acid amplification test 

TruArray MDR-TB, Akkoni, 

USA 

Microarray-based nucleic-acid amplification test; 

Highly accurate and reliable assay; 

 portable, bench-top assay;  

detects mycobacterial susceptibility to rifampin and 

isoniazid, using a single, integrated-workflow approach; 

Delivers results in a few hours. 

INFINITIMTB Assay, 

AutoGenomics, USA 

Multiplex PCR amplification/microarray detection assay 

to detect MTB, common rifampicin (RIF) and isoniazid 

(INH) resistance mutations  
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FluoroType XDR-TB assay, 

Hain Lifescience, Germany 

Semi-automated direct MTB detection;  

PCR in a closed system;  

Results in 3 hours 

Loopamp TB Detection, 

FIND, Switzerland/Eiken, 

Japan 

Loop-mediated isothermal amplification (LAMP) for TB 

NATeasy TB Diagnostic Kit, 

Ustar Biotechnologies, China 

Isothermal nucleic acid amplification and lateral flow 

detection cartridge 

Truelab/Truenat MTB, 

Molbio/bigtec Diagnostics, 

India 

Chip-based Nucleic Acid Amplification Test for MTB; 

runs on a portable battery-operated device 

TB Rapid Screen, Global 

BioDiagnostics, United States, 

with support from FIND, 

Switzerland 

Reporter Enzyme Fluorescence (REF) to detect β-

lactamase produced by live bacteria in sputum samples 

(1st generation substrate) 

TBDx, Signature Mapping 

Medical Sciences, United 

States 

Automated slide-loading and -reading system for smear 

microscopy 
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OTHER DIAGNOSTIC METHODS 

Urine Lateral Flow Lipoarabinomann (LF-LAM) assay  

Over the years, many TB diagnostic methods based on antibody detection have been developed 

using a variety of antigens [11]. Among these antigens, there is lipoarabinomann (LAM) which 

is a heat-stable 17.5 KDa glycolipid found in the cell wall of Mtb. It acts as a potential biomarker 

for active TB [27]. The sensitivity of the test is higher in HIV-positive than HIV-negative 

patients; and it is highest with advanced immunosuppression [28]. Furthermore, WHO recently 

recommended its use to help in the diagnosis of TB on the one hand in hospitalized HIV patients 

with symptoms of TB and who have a CD4 cell count equal to or less than 100 cells/µL; and on 

the other hand, in HIV patients who are seriously ill with danger signs [1]. The test has the 

advantage of using noninvasive, convenient patient specimen, and does not require a 

sophisticated laboratory. It is available on the market as the Clear view TMTB ELISA (Alere 

Inc. [formerly, Inverness Medical Innovations Inc.], Waltham, MA, USA) [29].  

Mass spectrometry  

Matrix-Assisted Laser Desorption/Ionization Time-Of-Flight Mass Spectrometry (MALDI-TOF 

MS) is a new technology for rapid and reliable identification of microorganisms by the analysis 

of protein profiles from either disrupted or intact bacterial cells [30]. The test has the potential to 

be a rapid and reproducible platform not only for the identification and typing of Mycobacterium 

species but also for the detection of antibiotic resistance. Combined with weak cationic exchange 

magnetic beads, MALDI-TOF MS could serve as a diagnostic tool for active TB. In fact, Deng et 

al. demonstrated that this model can discriminate patients with active TB from those with non-

TB with a sensitivity of 98.3% and a specificity of 84.4%. But the test set is used to verify the 
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performance which demonstrates good sensitivity and specificity of 85.7% and 83.3% 

respectively [31].  

 

The “-Omics” based technology 

Proteomics 

In2006 Agranoff et al. demonstrated that serum proteome can distinguish between active 

pulmonary TB from both non-TB disease and healthy controls. This landmark study identified 

four protein biomarkers (serum amyloid A, transthyretin, neopterin and C reactive protein) which 

diagnose active pulmonary TB with a sensitivity of 88%and a specificity of 74% when measured 

by ELISA. The authors hypothesized that using immunoassays that can target a specific protein 

rather than the four at once, could improve the diagnostic accuracy [32]. Despite this finding, 

protein biomarkers cannot yet be used in a diagnostic test because of the lack of a universal 

protein biomarker candidate [33].  

Metabolomics 

There are only a few studies that compare metabolic biomarkers in confirmed active TB with 

healthy, LTBI or symptomatic disease controls. In 2012, Weiner et al. showed that 20 serum 

metabolites were enough to differentiate between active pulmonary TB and health controls (with 

or without LTBI) with an accuracy of 97% [34]. In urine, 42 compounds were needed to identify 

active TB cases amongst TB suspects with an Area Under the Curve (AUC) of 0.85 [35], while 

in breadth, Mtb-derived volatile organic compounds predicted active TB patients amongst TB 

suspects with an AUC of 0.93 [36]. However, none of these studies included independent test 

sets. In the metabolome of active TB patients, numerous alterations have been detected such as 
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differences in the abundance of specific host-derived metabolites but also the presence of 

compounds derived from Mtb itself (e.g. cell wall lipids) [37].  

 

Conclusion 

Improvement in the performance of TB diagnostic tests can have a big effect on global health. 

To this regard, it has been shown that a test with 85% sensitivity and 97% specificity in the 

identification of TB patients could prevent 392,000 deaths per year (22% of global TB deaths) 

[38]. Therefore, filling the gap of undiagnosed TB patients will take both strengthening of health 

care systems as well as new diagnostic technologies. While the new molecular-based diagnostics, 

allow for rapid detection of Mtb and have improved on the diagnosis of TB, the ideal diagnostic 

test will 1) be point-of-care, providing immediate diagnosis of TB in the presence of the patient, 

and 2) provide rapid drug susceptibility testing to immediately identify drug resistance, so that 

patients can initiate appropriate care without delay. 

Abbreviations:  

TB: tuberculosis; LTBI: latent tuberculosis infection; TST:  Tuberculin Skin Test; Mtb: 

mycobacterium. 
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