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Abstract

One major worldwide health concern is tuberculosis (TB). TB was the most common infectious disease in
the globe prior to the COVID-19 pandemic. The cause of tuberculosis, Mycobacterium tuberculosis, has
afflicted people for thousands of years. The Mantoux skin test and the interferon-gamma release assay are
two diagnostic methods with predictive and diagnostic limitations. Although they have increased diagnostic
accuracy, innovations like molecular nucleic acid amplification tests are still unavailable in many high-
prevalence areas. To improve TB detection even more, new diagnostic tests are being developed and put
into use. Our aim of work was to analyze the updated guidelines in the diagnosis of tuberculosis. We came
to the conclusion that diagnosing tuberculosis (TB) entails assessing symptoms, medical history, and
physical examinations before testing for TB bacteria. Chest X-rays, blood tests (IGRA) or skin tests (TST) for
infection, and sputum analysis utilizing quick molecular assays (NAAT/GeneXpert) or smear microscopy
are important tests. Treatment depends on a timely diagnosis. Additionally, more research is needed to
evaluate the revised recommendations for tuberculosis diagnosis.
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prediction, necessitating a deep comprehension of
interpretation criteria [3]. In sputum and tissue
samples, the bacterium is often sparse, slow-
growing, and challenging to identify. These
difficulties in confirming TB diagnosis have been
lessened with the advent of molecular nucleic acid
amplification tests (NAATSs) [4]. However, in many
regions of the world where tuberculosis is most
common, NAATs are not easily accessible. The
optimum time and method to put these tests into

One major worldwide health concern is
tuberculosis (TB). TB was the most common
infectious disease in the globe prior to the COVID-
19 pandemic. The cause of tuberculosis,
Mycobacterium tuberculosis, has afflicted people
for thousands of years [1]. The Mantoux skin test
and the interferon-gamma release assay are two
diagnostic methods with predictive and
diagnostic limitations. Although they have

increased diagnostic accuracy, innovations like
molecular nucleic acid amplification tests are still
unavailable in many high-prevalence areas. To
improve TB detection even more, new diagnostic
tests are being developed and put into use [2].

With a few minor adjustments to the reagents
and interpretation standards, the diagnostic
Mantoux skin test, created in 1909, is still in use
today. Another method for diagnosing
tuberculosis is the interferon-gamma release
assay (IGRA), which was created in 2014. Both
tests have limits in terms of diagnosis and

practice are still being worked out. Gradually, new
tests to improve diagnostic precision are being
developed [5].

Aim of work

To analyze the updated guidelines in the
diagnosis of tuberculosis.
Pathophysiology of TB: a challenging debate

Understanding  the  pathophysiology  of
tuberculosis is the first step towards the best
diagnosis. Airborne droplet nuclei that hang in the
air for several hours are the most typical way that
tuberculosis bacilli are transmitted from person to
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person. When TB droplet nuclei are present in a
confined location, the likelihood of transmission
rises with longer exposure times [6]. Droplet
nuclei that are inhaled may or may not cause
infection. TB bacilli can also be contracted by
consuming tainted milk; although this is a
historically significant method of infection, it is
now uncommon. Rarely, contact with droplet
nuclei or fomites with nonintact skin can result in
the acquisition of TB bacilli [7].

Droplet nuclei can enter the alveoli, where
pathophysiological processes may start, or settle
on the upper airway mucosa, where the infection
is unlikely to be formed. The bacillus may be
eliminated, remain dormant, or develop into
active tuberculosis disease, depending on
intricate and poorly understood pathogen
virulence factors in conjunction with host
immunomodulatory systems [8]. A complicated
and dynamic host-pathogen connection is
probably oversimplified by these discrete
categorization stages. Furthermore, as our
understanding of immunological processes has
advanced, some features of the long-held
conceptual pathophysiological paradigm have
come under scrutiny [9].
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Figure (1): Pathophysiology of TB [9].
History and Physical examination role in TB
diagnosis

Cough, fever, weight loss, night sweats, and

malaise are common nonspecific constitutional
symptoms of tuberculosis. TB is likely to be high
on the differential diagnosis list for medical
professionals working in regions where the disease
is highly prevalent. On the other hand, the
diagnosis could not be initially taken into
consideration by medical professionals working in
environments where tuberculosis is rare [10].
When patients have extrapulmonary tuberculosis,
the diagnosis is frequently difficult. Important
elements of the history include routine
investigation of risk factors, including a history of
tuberculosis, known contacts with exposure,
country of origin, international travel, family
history, occupational and residential exposures,
immunosuppression, and immunocompromised
state [11].

Latent tuberculosis patients do not exhibit any
symptoms. Additionally, patients with early active
tuberculosis frequently have no physical symptoms.
Before seeking medical attention, people may
endure the subtle development of cough, fever, night
sweats, weight loss, and hemoptysis as early active
tuberculosis advances [8]. The physical results of a
lung examination may show areas of consolidation,
inflammation of the airways, or cavities, depending
on the severity of the illness. Due to the loss of
underlying lung volume, patients with long-term,
large, damaging voids with surrounding fibrosis
may develop abnormalities of the chest wall [10-12].
Evaluation

Clinicians find it difficult to diagnose
tuberculosis. Whether the patient is being assessed
for latent, active pulmonary, or extrapulmonary
tuberculosis disease determines the method of
diagnosis. If they exist, the signs and symptoms are
vague. Prevalence within a community and the
resources available in a particular geographic area
determine the method of diagnosis. A diagnosis
should ideally be made using radiography,
microbiology, molecular techniques, biomarkers,
and the immune system's reaction to provocative
testing [13].

Pretest probability, the patient's age and
immunological status, the timing of the test,
adherence to correct test procedures, adequate
specimen collection, and the capacity to interpret
test results in light of the patient's risk factors and
immune function are some of the variables that can
greatly affect the sensitivity and specificity of
diagnostic tests [14]. Radiological imaging can show
nonspecific results that range from normal to
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noticeably aberrant. TB is presumptive and
depends on the level of clinical suspicion in
conjunction with surrogate signs of infection in
the absence of a confirmed culture or molecular
test. Depending on the epidemiological context,
both underdiagnosis and overdiagnosis can occur
[15].

Traditional Mantoux and pure protein
derivative (PPD) skin tests, IGRA, or recently
developed tuberculosis-specific-antigen skin tests
(TBSTs), which have comparable diagnostic
accuracy to IGRA, are available alternatives for
screening for latent TB [16]. Tuberculin skin tests
(TSTs) are a suitable substitute if IGRAs are not
accessible or are thought to be excessively
expensive. IGRAs are the recommended testing
modality for the detection of latent TB worldwide.
The WHO supports TSTs or IGRAs in low- and
middle-income countries (LMIC). Resources and
ease of use at the point of care determine whether
to utilize an IGRA or TST for latent tuberculosis
detection [12].

Advantages and Disadvantages of TB Screening
Tests in Low-Income Countries

Patients with weakened immunity, such as
those at the extremes of age, PLHIV, or prescribed
immunosuppressive medications, or those tested
within a few weeks of TB infection are more likely
to receive false-negative results from the standard
Mantoux and pure protein derivative TSTs [17].
Errors during intradermal injection and in the
interpretation of the skin test reaction might
potentially result in false-negative results.
Previous exposure to nontuberculous
mycobacteria, previous Bacillus Calmette-Guerin
(BCG) vaccination, or incorrect interpretation of
the skin test reaction can all result in false-
positive results. In regions of the world where
high TB prevalence has resulted in the
widespread use of BCG vaccination in children, the
latter two causes are especially problematic [18].

The IGRA test has higher specificity since it
does not cross-react with BCG or the majority of
nontuberculous mycobacteria strains. In patients
who are coinfected with HIV, IGRAs are more
sensitive than conventional TSTs [2]. However,
individuals with severe immunocompromised
conditions may see false-negative readings. False-
negative results may also arise from technical
errors in the blood sample processing. Children
under five years old and PLHIV with low CD4+ T
lymphocyte counts (<200 cells/uL) may have
more indeterminate IGRA results. It is also

possible for skin tests and IGRAs to yield
inconsistent findings. The decision to start anti-TB
therapy will ultimately rely on the degree of clinical
suspicion, and repeat tests may be taken into
consideration [15].

TSTs and IGRAs are unable to differentiate
between latent and active tuberculosis or forecast
who would progress from latent infection to active
illness. When choosing to start medication for latent
TB, the clinician must rule out active TB; failing to do
so can encourage the establishment of resistant
organisms and lead to subpar treatment results
[10]. Patients with a distant history of untreated
latent TB may have a false negative test; those who
have successfully eliminated their TB infection may
continue to test positive by TST and IGRA. Excellent
evaluations examine specific suggestions for latent
tuberculosis testing methods in various at-risk
groups [17].

Based on TST and IGRA data, a user-friendly,
interactive web-based application known as the
Online TST/IGRA Interpreter may calculate the risk
of TB infection. The algorithm determines a positive
predictive value by taking into account each
individual parameter. Confirmation by culture is the
gold standard for diagnosing active tuberculosis [3].
However, the sluggish growth of the organism, the
practical challenges of getting sufficient sputum,
fluid, and tissue specimens, and the recurrent
scarcity of organisms make confirmation difficult.
Based on pretest parameters and corroborating
data from imaging, molecular assays, and
biomarkers, the diagnosis is frequently assumed
[18].

Imaging

Imaging methods are best evaluated in relation to
the stage of tuberculosis. This straightforward
method is complicated by the numerous possible
combinations of imaging findings and dynamic
pathological processes that produce overlapping
clinical and radiologic characteristics throughout
illness stages [5]. The first method used for
screening and diagnosis is still a traditional chest x-
ray. When defining anatomic involvement with
active TB disease, computed tomography (CT),
magnetic resonance imaging (MRI), and positron
emission tomography-computed tomography (PET-
CT) are utilized. TB's nonspecific imaging
characteristics can resemble those of other illnesses.
Imaging methods for the assessment of
extrapulmonary tuberculosis are described in
excellent reviews [8].

The majority of individuals with primary TB have
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resolved parenchymal lesions on X-rays; on rare
occasions, a Ranke complex is the only remaining
indication of a distant TB diagnosis. A normal
chest x-ray may be seen in people with active
tuberculosis. When analyzing chest x-rays with
pathologic alterations, it is usually difficult to
distinguish between active and passive disease [1,
6]. No conclusive results can rule out active
disease, even though indicators such cavity wall
thickness, the presence or absence of
consolidation, fibrosis, pleural effusion, and
calcifications may be present. When it comes to
diagnosing tuberculosis, CT pictures are typically
much more sensitive than X-rays.
Fludeoxyglucose F18 (FDG) PET-CT may be
helpful for evaluating treatment response,
according to a few investigations [13].
Microscopy, Culture, and Molecular Analysis

A clinical suspicion of active TB requires
microbiological investigation. The traditional and
most widely used methods for diagnosing
tuberculosis are sputum culture and acid-fast
bacilli smear. Until recently, the only confirmatory
diagnostic techniques available were staining and
culture of sputum, fluid, or tissue samples.
Biomarker probes and automated real-time
NAATSs are crucial to the diagnosis procedure [18].
Acid-fast bacilli smear microscopy

Due to TB's frequently paucibacillary nature
and certain patients' incapacity to provide a
sufficient deep expectorated sputum sample, the
sensitivity of smears ranges from 34% to 80%.
Stain sensitivity can be increased by using
fluorochrome stains, specimen concentration
methods, and larger sputum samples (25 mL).
Both stomach lavage and respiratory specimens
acquired by bronchoscopy or sputum induction
increase sensitivity [19]. There is disagreement
over the usefulness of gathering expectorated
sputum samples on three different days in order
to increase sensitivity, especially in environments
with limited resources where this procedure is
time-consuming.  Significant differences in
practice patterns are probably caused by a lack of
uniformity in the application and interpretation of
staining techniques [3]. Pretest probability
determines sensitivity, which is higher in areas
where tuberculosis is more common. When the
clinical suspicion is intermediate or high, NAAT
should be carried out on all acid-fast bacilli smear-
positive and smear-negative specimens. A
negative NAAT does not rule out a TB diagnosis in
the latter scenario [20].

Culture

Specificity is roughly 93%, while culture
sensitivity varies from 80% to 93%. While solid
media may take up to eight weeks to show growth,
broth media can show growth in as little as two
weeks. Rapid drug susceptibility testing (DST) and
deoxyribonucleic acid probe techniques can be used
to identify tuberculosis cultured in broth media.
Conventional phenotypic DST techniques, on the
other hand, require a lot of time and resources [21].
Molecular detection methods

The methods for diagnosing tuberculosis and
identifying treatment resistance have significantly
changed during the last 20 years. Rapid results from
molecular techniques utilizing NAATs and lateral
flow biomarker identification have an immediate
influence on public health and patient care [17]. A
few of these tests can identify medication resistance
and detect tuberculosis at the same time. The ideal
times, locations, and methods for using these tests
depend on a number of factors that are constantly
changing [4]. The tests are separated into three
categories: follow-up testing for drug-resistance
detection following TB confirmation, first diagnostic
testing of TB with drug-resistance testing, and initial
diagnostic testing of TB without drug-resistance
testing. The WHO's guidelines regarding molecular
detection techniques will become more robust as
more proof of their usefulness in various contexts is
produced [7].

Initial diagnostic testing of TB with drug-
resistance testing:

The automated, cartridge-based NAATs Xpert®
MTB/RIF (Xpert®) and Xpert® MTB/RIF Ultra
(Xpert Ultra®) (Cepheid, Sunnyvale, CA, USA) have
become popular. They are a surrogate marker for
multidrug resistance and can identify rifampin
resistance variants directly from specimens in less
than two hours. Because it can be challenging to
collect sufficient sputum samples from children, the
sensitivity of Xpert and Xpert Ultra assays in
identifying pulmonary tuberculosis in children is
lower than in adults [22]. When it comes to
identifying tuberculosis from samples taken from
extrapulmonary locations, such as cerebrospinal
fluid and lymph node aspirates, both Xpert and
Xpert Ultra assays are useful. The test's sensitivity
and specificity for different extrapulmonary
specimens are described in depth in the WHO 2021
update publication [5]. When adults and children,
including PLHIV, exhibit signs and symptoms of
pulmonary tuberculosis, the WHO advises utilizing
Xpert or Xpert Ultra assays as initial diagnostics. The
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tests can examine a range of specimens, such as
infant stool specimens and aspirates from the
stomach or nasopharynx. Additionally, the WHO
advises using them as a preliminary diagnostic
test for adults and children who may have
extrapulmonary tuberculosis. The WHO advises
utilizing the Xpert and Xpert Ultra assays on blood
for PLHIV suspected of having disseminated
tuberculosis [17].

Classes of Techmologies and Associated Products

Products
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Figure (2): Classes of Technologies and

Associated Products to Diagnose Tuberculosis
[1].

The WHO approved the quick, automated
TrueNat® MTB Plus assay (Molbio Diagnostics,
India) in 2020. The accuracy of Xpert and Xpert
Ultra tests is comparable to that of TrueNat. The
TrueNat MTB Plus assay has a benefit as a point-
of-use device since it is battery-operated and
portable [16]. Nevertheless, compared to Xpert
technologies, this platform is more recent and has
less thorough testing and experience. Rapid,
accurate, and high test volume detection of
tuberculosis and resistance to isoniazid and
rifampicin is possible with the new family of
moderate-complexity NAAT technologies, such as
Becton Dickinson's BD MAXTM MDR-TB. Given its
speed and relative ease of use in comparison to
traditional culture-based drug susceptibility
testing, the WHO recommends the tests for first
identification of pulmonary tuberculosis and
resistance [22].

Initial diagnostic testing of TB without drug-
resistance testing

A TB loop-mediated isothermal amplification
(TB-LAMP) test is the LoopampTM MTB detection
assay (Eiken Chemical Company, Tokyo, Japan). The
test can identify tuberculosis without the need for
complex equipment and is quick and easy. In adults
with suspected tuberculosis, the WHO recommends
TB-LAMP as a follow-up test for sputum-smear-
negative specimens and as an alternative to sputum-
smear microscopy. In PLHIV, the assay does not
seem to improve the accuracy of sputum-smear
microscopy [9].

The DetermineTM TB LAM lateral flow test (Alere
DetermineTM TB LAM Ag Alere, MA, USA) uses a
straightforward urine lateral flow assay to identify
lipoarabinomannan (LAM), a cell wall component of
tuberculosis that is excreted in the urine of
individuals with active TB. In actuality, the
sensitivity of the LAM assay is quite low in the
general population but improves in PLHIV as
immunosuppression rises [16]. For adults and
children with HIV who have signs and symptoms of
pulmonary or extrapulmonary TB and CD4+ T
lymphocyte counts of fewer than 200 cells/pL, the
WHO recommends using Determine TB LAM.
Furthermore, regardless of TB symptoms, the tests
can be employed for PLHIV with CD4+ levels of less
than 100 cells/uL. Pooled sensitivity and specificity
statistics based on CD4+ count can be found in a
comprehensive tabulation [3].

Follow-on testing for detection of drug
resistance after TB confirmation

In situations when multidrug-resistant TB is
present, a series of low-complexity NAATs for
identifying resistance to isoniazid and second-line
anti-TB medicines are employed as follow-up tests
[2]. The NAATS are faster and more automated than
traditional culture-based phenotypic DSTs. At the
moment, they are unable to identify resistance to
several novel and repurposed antimicrobial
medicines, like linezolid and bedaquiline. Sputum or
extrapulmonary specimens are used in the
experiments [23].

Rapid molecular diagnostic tests called line probe
assays (LPAs) can identify tuberculosis and
resistance to a number of first- and second-line anti-
TB medications. In regional and reference
laboratory contexts, LPAs need equipment and
technical know-how. LPAs detect resistance
genotypes to additional anti-TB medicines as reflex
tests when rifampin resistance is found [9]. The
LPAs yield results in a matter of hours as opposed to
the traditional phenotypic culture-based DST, which
takes take several weeks to complete. Sputum
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samples or culture isolates are used by LPAs. LPAs
offer preliminary DST results that necessitate
traditional phenotypic  culture-based DST
confirmation rather than a definitive diagnosis of
MDR-TB [22].

Diagnosing tuberculous pleural effusions is
difficult. The diagnosis is supported by the
discovery of adenosine deaminase (ADA) in
pleural fluid, which has a pooled sensitivity and
specificity of roughly 92% and 90%, respectively
[1]. ADA detection is quick, easy, and reasonably
priced. The pooled sensitivity and specificity of
detecting ADA in cerebral spinal fluid for the
diagnosis of TB meningitis are between 85% and
90%, respectively. A few studies' findings have
indicated the significance of peritoneal and
pericardial fluid ADA levels for suspected
tuberculosis at these locations [1, 16].
Conclusion and recommendations:

We came to the conclusion that diagnosing
tuberculosis (TB) entails assessing symptoms,
medical history, and physical examinations before
testing for TB bacteria. Chest X-rays, blood tests
(IGRA) or skin tests (TST) for infection, and
sputum analysis utilizing quick molecular assays
(NAAT/GeneXpert) or smear microscopy are
important tests. Treatment depends on a timely
diagnosis. Additionally, more research is needed
to evaluate the revised recommendations for
tuberculosis diagnosis.

REFERENCES
1. Tobin, E. H, & Tristram, D. (2024). Tuberculosis overview. In
StatPearls publishing.

2. Gill, C. M,, Dolan, L., Piggott, L. M., & McLaughlin, A. M. (2022).
New developments in tuberculosis diagnosis and treatment.
Breathe, 18(1).

3. Kontsevaya, I, Cabibbe, A. M., Cirillo, D. M., DiNardo, A. R,,
Frahm, N,, Gillespie, S. H,, ... & Goletti, D. (2024). Update on the
diagnosis of tuberculosis. Clinical Microbiology and Infection, 30(9),
1115-1122.

4, Huang, Y., Aj, L., Wang, X,, Sun, Z., & Wang, F. (2022). Review and
updates on the diagnosis of tuberculosis. Journal of clinical medicine,
11(19), 5826.

5.  Acharya, B, Acharya, A., Gautam, S., Ghimire, S. P., Mishra, G.,
Parajuli, N.,, & Sapkota, B. (2020). Advances in diagnosis of
Tuberculosis: an update into molecular diagnosis of Mycobacterium
tuberculosis. Molecular biology reports, 47(5), 4065-4075.

6. Liu, Y, Wu, Y. H, Ban, Y, Wang, H., & Cheng, M. M. (2020).
Rethinking computer-aided tuberculosis diagnosis. In Proceedings
of the IEEE/CVF conference on computer vision and pattern
recognition (pp. 2646-2655).

7. MacLean, E., Kohli, M., Weber, S. F., Suresh, A., Schumacher, S. G.,
Denkinger, C. M., & Pai, M. (2020). Advances in molecular
diagnosis of tuberculosis. Journal of clinical microbiology, 58(10),
10-1128.

8. Gong, W, & Wu, X. (2021). Differential diagnosis of latent
tuberculosis infection and active tuberculosis: a key to a successful
tuberculosis control strategy. Frontiers in microbiology, 12, 745592.

9. Sinigaglia, A. Peta, E. Riccetti, S., Venkateswaran, S,
Manganelli, R, & Barzon, L. (2020). Tuberculosis-associated

microRNAs: from pathogenesis to disease biomarkers. Cells, 9(10),
2160

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Zellweger, J. P., Sotgiu, G., Corradi, M., & Durando, P. (2020). The
diagnosis of latent tuberculosis infection (LTBI): currently available
tests, future developments, and perspectives to eliminate tuberculosis
(TB). La Medicina del lavoro, 111(3), 170.

Bagcchi, S. (2023). WHO's global tuberculosis report 2022. The Lancet
Microbe, 4(1), e20.

Thomas, ., Balseiro, A., Gortazar, C., & Risalde, M. A. (2021).
Diagnosis of tuberculosis in wildlife: a systematic review. Veterinary
Research, 52(1), 31.

Natarajan, A., Beena, P. M., Devnikar, A. V., & Mali, S. (2020). A
systemic review on tuberculosis. Indian Journal of Tuberculosis, 67(3),
295-311.

Carranza, C., Pedraza-Sanchez, S., de Oyarzabal-Mendez, E. &
Torres, M. (2020). Diagnosis for latent tuberculosis infection: new
alternatives. Frontiers in immunology, 11, 2006.

Jang, J. G., & Chung, J. H. (2020). Diagnosis and treatment of multidrug-
resistant tuberculosis. Yeungnam University journal of medicine, 37(4),
277-285.

World Health Organization. (2024). WHO consolidated guidelines on
tuberculosis. Module 3: diagnosis-rapid diagnostics for tuberculosis
detection. World Health Organization.

Goletti, D., Delogu, G., Matteelli, A., & Migliori, G. B. (2022). The role
of IGRA in the diagnosis of tuberculosis infection, differentiating from
active tuberculosis, and decision making for initiating treatment or
preventive therapy of tuberculosis infection. International Journal of
Infectious Diseases, 124, S12-S19.

Noviyani, A., Nopsopon, T., & Pongpirul, K. (2021). Variation of
tuberculosis prevalence across diagnostic approaches and geographical
areas of Indonesia. PLoS One, 16(10), e€0258809.

Liebenberg, D., Gordhan, B. G., & Kana, B. D. (2022). Drug resistant
tuberculosis: Implications for transmission, diagnosis, and disease
management. Frontiers in cellular and infection microbiology, 12,
943545.

Suarez, I, Fiinger, S. M., Kroger, S., Rademacher, J., Fitkenheuer, G.,
& RybniKer, J. (2019). The diagnosis and treatment of tuberculosis.
Deutsches Aerzteblatt International, 116(43).

Gopalaswamy, R,, Shanmugam, S., Mondal, R,, & Subbian, S. (2020).
Of tuberculosis and non-tuberculous mycobacterial infections-a
comparative analysis of epidemiology, diagnosis and treatment. Journal
of biomedical science, 27(1), 74.

Zhuang, L., Yang, L., Li, L., Ye, Z., & Gong, W. (2024). Mycobacterium
tuberculosis: immune response, biomarkers, and therapeutic
intervention. MedComm, 5(1), e419.

Chakaya, J., Khan, M., Ntoumi, F., AKlillu, E., Fatima, R., Mwaba, P., ...
& Zumla, A. (2021). Global Tuberculosis Report 2020-Reflections on
the Global TB burden, treatment and prevention efforts. International
journal of infectious diseases, 113, S7-S12.

elSSN 1303-5150

www.neuroquantology.com

401


http://www.neuroquantology.com/

