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ABSTRACT 
 
 

 

BACKGROUND AND AIM: 

 

Tuberculosis (TB) is one of the most common infectious killers. The incidence of TB in 

India is as high as 27 lakhs as per 2019 Global TB Report despite the strict medical 

measures followed towards the effort to control it. Latent tuberculosis is when the 

patients is infected with mycobacterium tuberculi but have no evidence of active TB. 

These patients have no symptoms or clinical features suggestive of active tuberculosis. 

The patients with rheumatologic diseases who are harboring LTBI the risk to develop 

active tuberculosis is up to 4-fold compared with the general population. It was also 

noted that the risk of reactivation of latent tuberculosis infection was 2% - 30% per life 

year in patients on biological therapy for treatment of underlying rheumatologic diseases 

(1). Our study will help in finding out the burden of latent tuberculosis in patients with 

Rheumatoid arthritis and Ankylosing spondylitis. If the prevalence in the study 

population is found to be more than the prevalence of LTBI in general population, more 

strict screening can be ensured which will reflect in controlling the seedbed of TB. 

 

 

METHODS: 

 

Our study is a Cross sectional study of consecutive patients with Rheumatoid arthritis 

and   Ankylosing   spondylitis   who   are   treatment   naïve   with   regards   to   steroids, 

immune suppressants and  biological  drugs  attending  Rheumatology  and  Pulmonary  
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medicine OPD.  The enrollees were screened for active TB with AFB smear (if 

symptomatic) and Chest X ray and excluded from the study if active TB is detected and 

appropriate treatment will be initiated.  Those who enrolled into the study were 

tested for LTBI with QuantiFERON GOLD (QFT) and TST.  The results of TST was 

read after 48-72 hours of administration of the PPD 

 

 

RESULTS: 
 

From our study we inferred that the prevalence of latent tuberculosis infection in 

patients with rheumatoid arthritis and ankylosing spondylitis was 60.11 (95% 

Confidence interval (CI), 52.52- 67.36). This was estimated by an overall positive test 

results by TST and QFT. Prevalence of LTBI by TST only was 51.12 (95% Confidence 

interval (CI), 43.53- 58.67%) and prevalence of LTBI by QFT only was 47.75 (95% 

Confidence interval (CI), 40.23-55.35%). The Prevalence of LTBI in RA was 58.1 %    

(95% CI 49.7 – 66.1), this was from 86 LTBI positive from 148 patients with RA. 

Similarly the prevalence of LTBI in AS was 70% (95% CI 50.6 – 85.2%)), this was 

from 21 LTBI positive from 30 patients with AS. 
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CONCLUSION: 

 

 
From this study we conclude that the prevalence of latent tuberculosis among the risk 

population with rheumatologic diseases like rheumatoid arthritis and ankylosing 

spondylitis is 60.11 (95% CI, 52.52- 67.36) which is much higher than the data among 

general population as 40%. In the absence of a gold standard test to diagnose latent 

tuberculosis infection we would recommend initial testing by tuberculin skin test and if 

found negative to test with IGRA to avoid not diagnosing LTBI which have potential to 

reactivate to active TB disease in this population. 
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Introduction 
 

The burden of tuberculosis (TB) in India is the highest in the world and unrelenting in 

spite of all these years of efforts to control it(1,2). The host and pathogen specific factors 

interplay along with the environment in a complex manner to determine the outcome of 

infection with Mycobacterium Tuberculosis, resulting in one of three possible outcomes: 

cure, latency or active disease. Although much remains unknown about the 

pathophysiology of latent tuberculosis, it is defined by immunologic evidence of 

mycobacterium tuberculosis infection in a continuum between self-cure and 

asymptomatic, to active tuberculosis (TB) diseases. Strain virulence, intensity of 

exposure to the index case, size of the bacterial inoculum, and multiple host factors such 

as age and co-morbidities, each contribute to where one settles on the continuum(3). TB 

remains among the topmost cause of infectious disease related deaths.  Latent 

tuberculosis infection comprises a reservoir for new disease and ongoing Mycobacterium 

tuberculosis transmission within communities and thereby perpetuation of the disease 

cycle at a population level(3–5). The risk of patients with rheumatologic diseases who 

are harboring LTBI to develop active tuberculosis is up to 4-fold compared with the 

general population. It was also noted that the risk of reactivation of latent tuberculosis 

infection was up to 25% in patients on biological therapy for treatment of underlying 

rheumatologic diseases(6,7). Persons with latent TB infection (LTBI) are infected with 

Mycobacterium tuberculosis but are not clinically ill.  LTBI patients have no symptoms  

or  evidence  of  active  TB,  hence  are  to  be screened with TST or QFT before starting 

treatment which include steroids and other biological agents which will alter the immune 

status of the patient. 
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 The decreased immune status may render the patient more vulnerable to develop active 

tuberculosis infection(5,7,8).  

 

 

Figure 1 : Global prevalence of latent tuberculosis infection(9) 

Our study will help in finding out the burden of latent tuberculosis in patients with 

Rheumatoid arthritis and Ankylosing spondylitis. If the prevalence in the study 

population is found to be more than the prevalence of LTBI in general population, 

increasing the screening process may help. More importantly, patients who require 

steroid or immunosuppressive therapy should be offered LTBI prophylaxis, to prevent 

reactivation. Therefore, this study was designed to assess the prevalence of LTBI in 

patients with Rheumatoid Arthritis (RA) & Ankylosing Spondylitis(AS). 
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Aims and objectives 
 
 

 

 

 

 

 

Aim: 
 

 
 

The aim of this study was to find the prevalence of latent tuberculosis infection in patients 

with Rheumatoid Arthritis (RA) and Ankylosing Spondylitis (AS), who are newly 

diagnosed.  

 

 

 

 

 

Objectives: 
 

 

 

The objective of this study was to  

 

1.  Estimate   the   prevalence   of   LTBI   in   RA and AS using TST and QFT. 

2.  Identify concordance among TST and QFT. 

3.  Identify risk factors for LTBI. 
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Review of literature 
 

 

TUBERCULOSIS 

 

TB is an infectious disease caused by Mycobacterium tuberculosis. It is an obligatory 

aerobic, non-motile, alcohol and acid-fast bacilli that are non-spore forming, facultative 

intracellular bacteria. The unique features of this bacillus are attributable to its high lipid 

content. TB commonly affects the lungs (pulmonary TB) and also can affect other organs and 

is called extra-pulmonary TB(10). The disease is spread through aerosol routes, when sick 

people expel bacteria into the air, for example by coughing. Overall, a relatively small 

proportion (5–15%) of the estimated 1.7 billion people infected with M. tuberculosis 

worldwide will develop TB disease during their lifetime (11). The diagnostic tests for TB 

include Molecular tests, Sputum smear microscopy and culture-based methods. There are 

also tests for TB that is resistant to first-line and second-line anti-TB drugs. They include 

Xpert MTB/ RIF, which simultaneously tests for TB and resistance to rifampicin, the most 

effective first-line anti-TB drug. 

 

The World Health Organization (WHO) estimated that 10.0 million (range 9.0 – 11.1 million) 

new cases of TB occurred and 1.3 million (1.2 – 1.4 million) died from the disease in 2017 

despite several preventive strategies to reduce the burden and impact. Over 70% of these new 

cases occurred in developing countries, with the African region experiencing the highest rate 

of death relative to population(11). 

 

The current TB epidemic is being sustained and fueled by two important factors: the human  
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immunodeficiency virus (HIV) infection and its association with active TB disease and  

increasing resistance of Mycobacterium tuberculosis strains to the most effective (first-line)  

anti-TB drugs(11,12).  Other contributing factors include population expansion, poor case 

detection and cure rates in impoverished countries, active transmission in overcrowded 

hospitals, prisons, and other public places, migration of individuals from high-incidence 

countries due to wars or famine, drug abuse, social decay, and homelessness. Active disease 

patients with sputum smear positive pulmonary TB is the main source of infection in a 

community. Primary infection with M. tuberculosis leads to clinical disease in only about 

10% of individuals. In the remaining cases, the ensuing immune response arrests further 

growth of M. tuberculosis. However, the pathogen is completely eradicated in only ∼10% 

people, while the immune response in the remaining ∼90% individuals only succeeds in 

containment of infection as some bacilli escape killing by blunting the microbicidal 

mechanisms of immune cells (such as phagosome-lysosome fusion, CD1 molecules, 

production of nitric oxide, antigen presentation by MHC class I, class II, and other reactive 

nitrogen intermediates) and remain in non replicating (dormant or latent) state in old lesions. 

  

Latent tuberculosis is a condition where the person is infected but does not show symptoms. 

However, about 5 to 10 % of individuals with latent tuberculosis, later on, develop active 

disease(13). Most of the active disease cases in low TB incidence countries arise from this pool 

of latently infected individuals. 
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Figure 2 : Spectrum of TB infection(14) 
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LATENT TUBERCULOSIS 

 

The term latent tuberculosis infection was first described by Clemens von Pirquet (Wagner, 

1964)(15). He created a skin test by using a crude mixture of mycobacterial antigens and called 

it Koch’s tuberculin (TST). He proposed this definition to describe a child who had a positive 

skin reaction to tuberculin but had no symptoms of pulmonary or extrapulmonary TB. In 

contrast to patients with active TB disease, latently infected individuals are not infectious and 

have chest radiographs that do not present any abnormalities or signs of healed TB disease. 

 

The WHO defines LTBI as a state of persistent immune response to stimulation 

by mycobacterium tuberculi antigens without evidence of clinically manifested active TB(16). 

According to recent estimates, approximately one-quarter of the global population is infected 

with latent tuberculosis infection(17). The duration of latency is very variable, and even 

healthy individuals can harbor latent tuberculosis infection for a lifetime. In a small fraction 

(5%–15%), reactivation occurs, often within the first two to five years following infection  

which was contained by the immune system(18). Reactivation is the process by which a  

subclinical latent infection transitions into active tuberculosis disease. Thus, individuals with 

latent tuberculosis infection  represent a major reservoir for new active TB cases(19). The 

understanding of the aetiologies associated and underlying reasons for LTBI reactivation is 

incomplete, but it does include bacterial, host and environmental factors(20). While the 

lifetime risk for reactivation of the latent tuberculosis infection to active TB disease among 

otherwise healthy individuals with documented LTBI is quoted as approximately 5% to 15%, 

various comorbidities and risk factors are associated with increased risk and hence elevated 

rates of developing active TB. The most potent risk factor studied and known is human  
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immunodeficiency virus (HIV) infection. Those with HIV and latent TB co-infection have  

more than a 100-fold increased risk of developing active TB disease(21). Even after successful 

antiretroviral therapy, the risk remains significantly elevated(22,23). Other comorbidities and 

conditions associated with LTBI reactivation are categorized as high, moderate, slightly 

increased, low and very low risk, depending on their associated risk factors(20,24,25). In the 

high-risk category are patients with chronic renal failure requiring haemodialysis(26), 

transplant patients on immune suppressants(27) and patients with silicosis(28), among others.  

 

The moderate risk are patients treated with tumor necrosis factor-alpha (TNF-α) 

 inhibitors (used for many autoimmune and inflammatory conditions)(29) or 

glucocorticoids(29,30), those with diabetes (all types) and recently infected children under the 

age of four(31). Those who abuse alcohol, smoke cigarettes or are underweight or 

malnourished are at slightly increased risk for latent tuberculosis reactivation(32). TB 

incidence is higher among these groups than within the general population(4,11,24).  A 

commonality among the majority of these conditions leading to increased reactivation risk is 

suppressed immunity. 
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PATHOGENESIS OF LATENT TUBERCULOSIS: 

 

There is a great variability in the course of mycobacterium tuberculi infections among 

Homosapien sapiens(33).  Some people remain uninfected, which is evidenced by a negative 

tuberculin skin test (Mantoux) and Interferon-gamma Release Assay (IGRA) for LTBI, despite 

prolonged exposure to infectious TB cases(34). Infection sets in when the bacilli enter the  

alveoli and are phagocytized by the  alveolar macrophages  and  resident  dendritic  cells.  The 

dendritic cells now will carry the bacilli and antigens then travel from the distal airways to the 

major draining lymph nodes which are the mediastinal lymph nodes, where they initiate the    

T cell mediated response of the immune system. Other immune cells the lymphocytes and 

macrophages then migrate to the primary site of infection to form a granuloma. In most animal 

models of TB, bacterial growth increases logarithmically and then reaches a plateau coincident 

with T cell response initiation, when granulomas are observed histologically(35). The 

granuloma is the hallmark of TB. It is a focal collection of inflammatory cells that have a 

specific architectural structure in humans. Granulomas are thought to represent an 

immunologic and physical barrier to contain infection and prevent dissemination. A granuloma 

is a structural organisation of different types of immune cells, macrophages, T cells, B cells, 

dendritic cells, neutrophils, natural killer (NK) cells and a fibroblast which is formed in 

response to pulmonary inflammation resulting from the stimulation of host cell mediated 

immunity with mycobacterial antigens(36,37). Maintenance of the granulomas is a dynamic 

process of continual immunologic control of bacterial replication by the immune system. The 

granuloma formation is initiated by host macrophages that phagocytise the mycobacterium  

and release pro inflammatory cytokines, such as TNF-α, to recruit additional cells(38). Within  
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the formed granuloma recruited macrophages differentiate into epithelioid cells or coalesce to 

form multinucleated giant cells(39) . The above cells are surrounded by a rim of lymphocytes 

including CD4 T cells of adaptive immune response which may enhance bactericidal capacity 

of macrophages by the released IFN-gamma(38). In the later stage it is noted that a tight coat 

of fibroblasts encloses the granuloma(39).  The adapted cell-mediated immune immunity and 

proper formation of the granuloma determine the outcome of mycobacteral infection in the 

host. In about 90% of the mycobacteria tuberculi infected individuals, the host response is 

sufficient to prevent the TB disease(33,37,40). The persistence of tuberculosis bacilli in 

granuloma is accompanied by multiple changes in bacterial metabolism and in host 

metabolism that is in part driven by mycobacterium tuberculi effector proteins and 

glycolipids(41,42). In granuloma the persistent bacilli are subject to various stress conditions 

like hypoxia, nutrient deficiency, acidic pH and inhibition of respiration by nitric oxide. All 

these factors induce the expression of genes that lead to the transformation of the mycobacteria  

into a dormant stage(43). These dormant bacilli can minimize their metabolic and replicative 

activity as well as inhibit their growth and development. They also become resistant to the 

defense by immune attack and tactfully avoid the elimination by the immune cells(44). After 

many years or decades of dormancy tuberculosis bacilli can again change their own 

metabolism, reactivate and influence the pressure on granuloma, which leads to necrotic cell 

death(41). It has been suggested that in tuberculosis infections the formation of correct 

granuloma is crucial to limiting the mycobacterial growth as well as have an effect on tissue 

damage and dissemination, the most important two components of active TB disease(45). An 

insufficient up regulation of the adhesion molecules on circulating lymphocytes may affect the  
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localization of antigen-specific lymphocytes within the lungs. As a result, the formation of 

correct granuloma capable of inhibiting mycobacterium tuberculi growth is affected(46). The 

intensity and quality of the T cell response within granuloma depends on the complicated 

mechanisms targeting the antigen presentation. Several mycobacterial components such as 19-

kDa lipoprotein, mannose capped lipoarabinomannan (Man-LAM), trehalose dimycolate (cord 

factor) and others can modulate antigen processing and presentation of mycobacterial protein 

and glycolipid antigens by MHC class I, MHC class II and CD1 molecules(47). In this way, 

tuberculosis bacilli may suppress the presentation of antigens to T lymphocytes by 

macrophages(48,49). An insufficient activation of effector CD4+, CD8+, and gamma and delta 

T lymphocytes, CD1 restricted and cytotoxic T cells, results in defective and incomplete 

microbicidal functions of macrophages and modified activity of other immune cells including 

those implicated in inflammatory response leading to tissue damage and dissemination of 

tuberculosis(45,47–49). 

In the majority of people, a first exposure to mycobacterium tuberculi infection induces the 

development of a specific acquired cell-mediated immunity inhibiting the growth of 

mycobacteria without their eradication(50). In these individuals tuberculosis bacilli persist in 

an inactivated state. The risk of reactivation of latent tuberculosis infection  to active 

tuberculosis disease for an immune competent subject is in the order of about 10% in a 

lifetime(37,40). The cell-mediated immunity is the major component of host defence against 

tuberculosis. In resistant individuals, the control of tuberculosis infection relies on the 

development of a Th-1 immune response. This type of immune response involves the 

participation of host alveolar macrophages, dendritic cells, T lymphocytes which include  
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TCD4+, TCD8+, and Tγδ. There is also the release of pro-inflammatory cytokines, interferon-

gamma (IFN-γ), interleukin-2 (IL-2), interleukin-12(IL-12), interleukin-18(IL-18),                              

tumour necrosis factor-alpha(TNF-α) and chemokine (IL-8, monocyte chemo attractant 

protein-1 (MCP-1), macrophage inflammatory protein-1 alpha (MIP-1α)). All of the cells 

described play an important role in the recruitment of additional cells to the infection site for 

the formation of a granuloma that contains and kills tuberculosis bacilli, it also provides a long 

term niche which is needed for the development of LTBI(36,51). Multiple favourable factors 

when exist in a host it leads to the reactivation of latent infection to active disease. The known 

risk factors of latent TB reactivation to active tuberculosis include,  HIV infection, 

immunosuppressive treatment – glucocorticoids, anti-TNF therapy, anti-cancer therapies, 

malnutrition, tobacco smoking, alcoholism, malignancy, insulin dependent diabetes, renal 

failure(37,43,52).  

 

THE ROLE OF INNATE IMMUNE RESPONSE: 

 

The host resistance against mycobacterial infection always begins with the innate immune 

system activation and response involving the interaction of the bacillus with innate immune 

cells the macrophages and the dendritic cells. Toll-like receptors have been recognized as 

important pattern recognition receptors for mycobacterium tuberculosis infection. Increased 

susceptibility to mycobacterium tuberculosis in MyD88-deficient mice first indicated that Toll-

like receptors were important in the initial host response(53,54), although the knowledge about  

 

 

 



28  

 

exact Toll-like receptors involved are controversial. However, MyD88-dependent IL-1R (an 

innate immune signal transduction adaptor) expression is also critical for resistance  

to mycobacterium tuberculosis(55). In vitro and in vivo studies in murine models have  

implicated Toll like receptors-2, Toll-like receptors-4, and Toll-like receptors-9 as important in 

the response to M. tuberculosis(54,56–62) although other studies have not been able to 

supported these findings(63,64). Genetic polymorphisms of the TLR genes have been 

associated with an increased risk of mycobacterium tuberculosis infection or disease (65–67). 

In-vitro studies in humans have shown that TLR activation induces vitamin D-dependent 

production of antimicrobial peptides that have mycobactericidal activity(68,69). 
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M. tuberculosis component Immune cell process inhibited/affected 

19 kDa Lipoprotein (LpqH) MHC class II expression and antigen presentation 

Mannose capped lipoarabinomannan Phagolysosome biogenesis 

19 kDa Lipoprotein (LpqH) Phagosomal processing by MHC class I pathway 

Mannose capped lipoarabinomannan MHC class II expression and antigen presentation 

Mannose capped lipoarabinomannan IL-12 secretion of dentritic cells/macrophages 

Mannose capped lipoarabinomannan Apoptosis of macrophages 

Trehalose dimycolate (cord factor) Phagolysosome biogenesis 

Trehalose dimycolate (cord factor) MHC class II expression and antigen presentation 

6-kDa early secreted antigenic target (ESAT-6) Pathogen containment in phagolysosome/macrophage 

NADH dehydrogenase (NuoG) Apoptosis of macrophages and dendritic cells 

ESX-1 secreted proteins Macrophage proinflammatory cytokine response 

Serine/threonine protein kinase G (PknG) Phagolysosome biogenesis 

Lipid phosphatase (SapM) Phagolysosome biogenesis 

Lipoprotein LprA MHC class II expression and antigen presentation 

Lipoprotein LprG MHC class II expression and antigen presentation 

Secretion system SecA2 Apoptosis of macrophages and dendritic cells 

Superoxide dismutase (SodA) Apoptosis of macrophages and dendritic cells 

 

Table 1: Important M. tuberculosis factors that modulate the innate immune response and 

promote persistence of the pathogen leading to latent tuberculosis infection. 
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ROLE OF ADAPTIVE IMMUNE RESPONSE: 

 

The adaptive immune system cells play the most vital role in establishing and maintaining the 

latency which will eventually manifested as latent tuberculosis infection without any clinical 

signs or symptoms of active disease. The major cells involved in this process are the T cells, 

macrophages and various cytokines like interleukin 12, interleukin 23 and interferon gamma. 

T Cells :  

 

To overcome acute Mycobacterium tuberculosis infection, the cell-mediated immune system is 

essential. There are CD4 and CD8 T cells, B cells, macrophages, neutrophils, fibroblasts, and 

multinucleated giant cells are seen residing within the granuloma. Murine models have shown 

that the regulation of acute and chronic infection needs CD4 T cells(70). CD4 T cells are major 

producers of IFN-gamma(Interferon-gamma) which further contribute to the production of 

TNF (tumor necrosis factor), and are important for optimal CD8 T cell function. This 

observation has been evaluated and confirmed in patients with HIV (Human 

Immunodeficiency Virus) infection in whom the risk of tuberculosis infection increases with  

decreasing CD4 T cell counts(71) and in nonhuman primates with SIV(Simian 

Immunodeficiency Virus) , in which the initial reduction in CD4 T cell levels was associated 

with time to reactivation of latent infection(72). Furthermore, it was observed that the 

prevalence of extra pulmonary TB (an indicator of severe disease) was inversely proportional 

to CD4 T cell count(73). Although it was initially deemed controversial, CD8 T cells play a 

vital role in the immune response to tuberculosis. Some murine acute infection studies have 

shown that  mice lacking functional MHC class I had higher bacterial burden compared with 

wild-type controls(74). In mice with minimal bacterial loads due to antibiotic treatment, the  
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depletion of CD8 T cells resulted in exacerbation of infection(75). CD8 T cells can also 

produce IFN-gamma (though less than CD4 T cells, at least in mice)(76) and TNF, but are best 

known for their cytotoxic capacity against infected cells. CD8 T cells can secrete perforin that 

allows the formation of pore  into the cellular membrane of infected cells and facilitate the 

delivery of granule-associated proteins, such as granzymes, resulting in apoptosis. Perforin 

from CD8 T cells has been shown to play an important protective role during acute infection in 

mice (77). Human CD8 T cells also are known to produce granulysin, which has direct anti 

mycobacterial activity(78) , are cytolytic, and produce IFN-gamma(79), but their role in 

human tuberculosis infection remains unclear till date. In rhesus macaques, CD8 depletion 

resulted in impaired Bacillus Calmette-Guérin–induced immune response during acute M. 

tuberculosis infection(80), suggesting that CD8 T cells play an important role in the protective 

response towards mycobacterium tuberculosis. 

CYTOKINES: 

 

Cytokines play a critical role in the primary and latent infection. Interleukin - 12 is important 

in the Th1 response, and mice deficient in IL-12 has noted to have poor survival and increased 

bacterial burden compared with controls who have a normal response by IL-12(81). From 

previous studies in humans, genetic defects in the IL-12/IL-23/IFN-gamma axis are known to 

be associated with severe disseminated mycobacterial disease(82). Murine studies have shown 

that IFN-gamma produced by T cells is very critical for early protection and essential for 

inducing NOS2(83,84). Humans also produce IFN-gamma in response to mycobacterial 

antigens, which is the basis for the diagnostic test - Interferon Gamma Release Assay(IGRA). 

In humans, IFN-gamma also stimulates autophagy(85) as a mechanism of decreasing  
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mycobacterial burden. Genetic defects in IFN-gamma R increase the susceptibility to 

tuberculosis as well as other non-tuberculous mycobacteria (NTM)(86). The lack of functional 

tumor necrosis factor (TNF) was long recognized as being important in controlling acute and 

chronic murine infection, presumably from the very poor formation of granuloma observed in 

that model as well as deficient macrophage activation(84,87). Recently, zebrafish and 

nonhuman primate models have shown that although TNF is important for overcoming acute 

infection and protecting from reactivation, granuloma formation overall is normal in the 

absence of TNF(88,89). It is known that in humans beings, genetic heterogeneity of the TNF 

Receptor(TNFR) has been associated with increased susceptibility to active TB in the African 

continent(90). The high incidence of tuberculosis among patients treated with anti-TNF agents 

for inflammatory diseases underscores the importance of TNF. Although most of these cases  

were thought to be from reactivation of tuberculosis, there is justified concern over the risk of 

fulminant acute TB as these drugs have become available in high TB endemic areas, like in 

India. TNF affects the expression of adhesion molecules and chemokines (91)and some of 

which were found to play vital roles in early infection. TNF is also a mediator of apoptosis and 

is believed to be detrimental to the survival of mycobacteria within macrophages. In human 

alveolar macrophages, MTB-induced TNF production will lead to apoptosis as a mechanism of 

reducing intracellular bacterial burden(92),  more virulent strains appear to induce less TNF 

expression. An attenuated Mycobacterium tuberculosis strain that increases apoptosis induced 

stronger CD8 T cell responses and provided increased protection against virulent challenge in 

animal models, this indicates that apoptosis is associated with a better outcome of 

infection(93). 
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MACROPHAGE ACTIVATION 

 

Macrophage activation is the key to mycobacterial killing. IFN-gamma (primarily from T 

cells) seems to be an essential cytokine for macrophage activation. In mice, the generation of 

reactive nitrogen intermediates by nitric oxide synthase 2 (NOS2) is important during the early 

and chronic infection(94,95) and macrophage activation is synonymous with the production of 

NOS2 in this model. Although NOS2 expression and function has been noted in human 

samples(96), its role in human tuberculosis warrants further investigation. In humans, change 

in the NOS2A gene have been associated with increased susceptibility to TB(66). 

 

THE INFLUENCE OF BACILLI AND VARIOUS STRAINS ON LATENCY: 

 

There has been a major increase in knowledge and our understanding of the virulence factors 

associated with M. tuberculosis, and most of these virulence factors appear to interfere and 

modulate host responses.  For many years, it was believed that M. tuberculosis was relatively 

stable in its genomic composition. However, the recent evidence demonstrates that the genome 

of M. tuberculosis has much more plasticity than previously appreciated and that there are 

major differences among strains and isolates that may contribute to virulence and outcome of 

infection. There are also data that certain clades of M. tuberculosis are associated with 

populations from specific geographic regions and appear to have coevolved with those 

populations(97).  The Beijing strain has emerged in the past decade as a major cause of TB and 

accounts for ~50% of strains from East Asia(98). There are data that Beijing strains are more 

drug-resistant, and some, but not all, studies have demonstrated that more severe disease is 

associated with Beijing strain infections. In studies done on guinea pigs, some Beijing strains  
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were found to be more virulent than non-Beijing strains, but this was not true universally(99). 

A small study in the Gambia indicated that contacts infected with Mycobacterium africanum, a 

member of the M. tuberculosis complex, were less likely to progress to active TB that means 

more likely to develop latency than those infected with M. tuberculosis strains, including the 

Beijing strain. In one other study, strains of a Euro-American lineage were more likely to 

cause pulmonary disease rather than meningeal TB compared with other strains. In this same 

study, it was also noted that the Beijing strains were associated with individuals with 

polymorphisms in the TLR2 gene, which was previously shown to be involved in susceptibility 

to tuberculosis infection. Thus, it's important to note that the infecting strain of bacilli has a  

role in influencing the course of infection and the outcome(100). However, the final outcome 

is likely to depend on contributions from both host and bacillus. 

 

THE SPECTRUM OF LATENT INFECTION: 

 

The classic teaching of tuberculosis is that it exists strictly as active disease or latent infection 

without overlap. There is now growing evidence that, like active TB (which can manifest on a 

continuum of severity), there is likely a spectrum of latent infection. A simple review of the 

interferon gamma release assays (IGRA) results shows that although the overall mean of IFN-

gamma production is greater in the active disease than among latent patients, there is a 

tremendous degree of variability within the latent as well as active groups, impairing the 

predictive value of the assay itself(101). A review article published by Barry et al(14) states 

that the paradigm of latent infection is changing. The diagnosis of latent infection is made on 

the basis of a positive tuberculin skin test (TST/Mantoux) or blood test by interferon-gamma  
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release assays (IGRA) without symptoms and signs (x-ray) of disease, with no further workup 

required, which limits the ability to detect subclinical disease. In a study of 601 cases of 

culture-positive TB cases, 9% had normal chest x-rays, and many were asymptomatic. Five 

percent of these subclinical cases were non-HIV infected, and 22% were HIV infected which is 

a known risk factor for atypical chest x-ray findings(73,102). These data is suggestive that 

subclinical disease occurs but at a relatively low prevalence. However, subclinical disease 

(sputum positive despite normal chest x-ray and lack of signs or symptoms of disease with 

positive TST or blood test) is dramatically higher in HIV+ patients who live in a high TB  

endemic area(52). This has resulted in sputum as a standard screening practice for tuberculosis 

in areas with high endemic rates of both HIV and tuberculosis. A thorough and systematic 

investigation of the subclinical cases and rates of tuberculosis among immune competent 

individuals has not been performed. Recent advances in medical imaging have anecdotally 

noted that the metabolically active lesions in humans with latent infection, suggesting that 

latency can be considered as  a dynamic process(103,104). 

It stands to reason that where a person lies on the spectrum of latent infection predicts their 

relative risk of reactivation. For example, some people with unrecognized subclinical 

tuberculosis would otherwise be called latently infected and likely have a high rate of 

reactivation, whereas patients without subclinical disease are likely to have a lower risk for 

reactivation. Conversely, some subjects are unlikely to ever reactivate despite immune 

suppression; this may be attributed to actual clearance of the infection or to bacilli existing in a 

truly dormant inactive state, and distinguishing these states is impossible in humans given 

current technologies. Biomarkers that can discriminate the position on the spectrum of latency  
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are urgently needed to identify those infected individuals for whom immune interventions 

(such as anti-TNF therapy) may be most risky and those for whom prophylaxis and antibiotic 

therapy is most beneficial. 

 

 

Figure 3 : This figure depicts the spectrum of M. tuberculosis infection outcome. The clinical 

outcomes of active (red line) and latent (blue line) infection are subdivided to reflect the 

variability of infection in those categories. Bacterial burden, shown by the dashed orange line, 

is expected to increase up the spectrum of infection. The seesaws reflect the balance of pro- (P) 

and anti-inflammatory (A) factors in the granuloma. At the lower end of the latency spectrum,  

these two factors are well balanced, controlling bacterial growth with minimal pathology. As 

one advances up the spectrum, the balance can shift with either too much pro-inflammatory or 

too much anti-inflammatory activity, which can lead to poor control of bacteria and increased 

pathology. The purple line reflects the risk of reactivation in the latent spectrum. 
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RISK FACTORS FOR REACTIVATION OF LATENT INFECTION: 

 

It has been shown that mycobacterium tuberculosis can persist for years within a human host 

and therefore it is logical to think of latent infection as a dynamic process consisting of 

bacterial persistence and immunologic control. Based on various epidemiologic studies, the 

known risk factors for reactivation of latent infection include HIV, malnutrition, tobacco 

smoke, indoor air pollution, alcoholism, silicosis, insulin-dependent diabetes, renal failure, 

malignancy, and immune suppressive treatment, such as glucocorticoids(105,106). HIV 

infection and treatment with TNF inhibitors are the most well-described and studied risk 

factors for reactivation. TNF inhibitors were introduced for more than a decade ago for the 

treatment of various inflammatory diseases and autoimmune diseases. An increased incidence 

of TB (presumed to be reactivation of latent infection) was noted among patients on TNF 

inhibitors(107). Reactivation was also thought to be induced by TNF neutralization in 

nonhuman primates with true latent infection; unlike seen in the murine model, granuloma 

structure was completely normal, as confirmed in the literature on human studies(89). Studies 

in humans treated with TNF inhibitors showed that cells in blood had reduced T cell 

activation, IFN-gamma production, and proliferation, and decreased CD8 memory T cells 

with reduced granulysin, though these data did not correlate to reactivation cases(108).  

However, in non-human primate studies (monkeys), It was found appropriate levels of IFN-

gamma within mediastinal lymph nodes, which suggested that immunologic factors in the 

blood may not necessarily correlate with regional disease. TNF neutralization impaired 

cellular recruitment (i.e., T cells) to disease sites, altered chemokine receptor expression, and  

resulted in a disproportionate degree of extra pulmonary disease (89). More importantly,  
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although a high rate of reactivation (65%) was noted in latently infected monkeys, not all 

monkeys reactivated following short-term anti-TNF treatment (89), indicating that TNF is an 

important but not always a critical factor in maintaining latent infection and that the spectrum 

of latent infection likely plays an important role in the overall risk of reactivation. HIV 

remains the most common risk of reactivation tuberculosis disease. The immune suppression 

by HIV has been an overwhelming factor in the resurgence of tuberculosis as a global health 

threat. The risk of reactivation among HIV patients is almost 10-fold higher than non-HIV 

patients(109). Before the HIV epidemic, 85% of cases of tuberculosis were limited to only 

pulmonary involvement. In contrast, a disproportionately high rate of disseminated, extra 

pulmonary disease was observed in advanced HIV-infected patients with tuberculosis . The 

greatest risk of tuberculosis was associated with CD4 T cell counts <200 cells/ml regardless 

of antiretroviral therapy (71) suggesting that CD4 T cells are critical to maintaining latent 

infection. Even under optimal conditions when CD4 T cell counts improve, the risk of 

tuberculosis is still increased(110,111), indicating that HIV infection induces additional 

immune deficiencies independent of CD4 count. When latently infected monkeys were 

infected with SIV, and all monkeys develop reactivation TB early or late after SIV 

infection(112).  Early reactivation was associated with more severe T cell depletion soon  

after SIV infection with poor recovery of T cells thereafter, which agrees with human data. 

The immunologic interactions reported between HIV and M. tuberculosis from various 

studies include: HIV-induced loss of mycobacterial specific CD4 T cells, M. tuberculosis-

induced increases in HIV load in serum and macrophages, shift from Th1 to Th2 response via  

alterations in IL-10, regulatory T cells, IL-12, IL-4, and TNF, loss of granuloma integrity,  
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and alterations in apoptotic mechanisms (113). 

 

RHEUMATOLOGICAL DISEASES AND LTBI REACTIVATION: 

 

Rheumatoid arthritis (RA) is one of the most frequently encountered autoimmune arthritis 

with a global prevalence of  approximately 1%(114), and Indian prevalence 

ranging between 0.50% and 0.75%(115,116). The treatment options available for these 

inflammatory rheumatologic diseases are targeted at decreasing the pain, inflammation and 

progression of disease. Common treatments include non-steroidal anti-inflammatory drugs, 

steroids, and disease-modifying anti-rheumatic drugs (DMARDs). In patients with disease 

refractory to conventional synthetic (csDMARDs), biologics that target disease-specific 

inflammatory pathways have revolutionized the treatment of RDs. Monoclonal antibodies 

targeted at inflammatory cytokines (e.g., tumor necrosis factor [TNF] inhibitors like 

adalimumab, etanercept, infliximab, certolizumab, golimumab; interleukin-6 receptor 

inhibitor tocilizumab; B-cell inhibitor rituximab, and T-cell costimulation inhibitor abatacept) 

are all examples of biologic DMARDs (bDMARDs)(117).  Anti-TNF biologics have 

demonstrated efficacy in treating conditions like RA, psoriatic arthritis, ankylosing 

spondylitis (AS) and psoriasis. The anti-TNF biologics approved in India for 

treatment of RDs include adalimumab, etanercept, infliximab and golimumab(Table:2) 

Although, biological agents are a significant advancement towards the management of 

rheumatologic diseases, the risk of TB reactivation is of increasing concern(118–120). 

Granulomas the hallmark of tuberculosis, is composed of immune cells and Mycobacterium 

tuberculosis bacteria. The maintenance of the granuloma structure is very critical for the  
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containment of the bacteria. TNF and interferon (IFN)-c signaling is important in host 

defenses against mycobacterial infections. TNF is involved in multiple processes such as 

macrophage activation and cell recruitment to the sites of infection (natural killer cells, 

granulocytes, fibroblasts and T cells), which leads to granuloma formation, contains and kills 

the pathogen. In patients with latent tuberculosis infection, TNF helps in the maintenance of 

the granuloma. Anti-TNF therapy interrupts this physiological TNF-mediated immune-

inflammatory responses, causing disruption of well-formed granulomas, which causes release 

of viable mycobacteria, leading to reactivation of TB(121). In a Cochrane review and 

network meta-analysis of nine commonly used biological DMARDs also reported higher risk 

of TB reactivation (odds ratio [OR] 4.68, 95% CI 1.18–18.60; P = 0.028) (122). Furthermore, 

the risk of tuberculosis increases by about 56-fold in patients using biological agents as 

compared with the general population (123,124) . Physicians are thus concerned about the 

reactivation of tuberculosis with anti-TNF therapy and its association with increased 

morbidity and quality of life. Hence it is highly recommended that this high-risk population 

needs to be screened and administered appropriate prophylaxis therapy to reduce the risk of 

TB flare before starting biologic DMARD therapy. The rheumatology guidelines from 

various international societies, namely: (i) American College of Rheumatology (ACR)  

2015; (ii) Asia Pacific League of Associations for Rheumatology (APLAR) 2015 for RA; (iii) 

British Society for Rheumatology (BSR) guidelines for AS; (iv) British Society for 

Rheumatology and British Health Professionals in Rheumatology (BSR-BHPR) guidelines  

for psoriatic arthritis; and (v) the Australian Rheumatology Association, all recommend and 

emphasize the need to strictly screen patients for TB and other infections before biologic 

DMARDs are initiated. 
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Biologics approved in 

India 

Mechanism of Action Related conditions 

 

 

Adalimumab TNF inhibitor, human IgG1 

monoclonal antibody 

Ankylosing spondylitis, plaque 

psoriasis, psoriatic arthritis, 

rheumatoid arthritis, ulcerative 

colitis 

 

Etanercept TNF inhibitor, TNF-

receptor fusion protein 

Ankylosing spondylitis, 

psoriasis, juvenile rheumatoid 

arthritis, rheumatoid arthritis, 

psoriatic arthritis 

 

Infliximab TNF inhibitor, chimeric 

anti-TNF antibody 

Ankylosing spondylitis, Crohn’s 

disease, psoriasis, psoriatic 

arthritis, rheumatoid arthritis, 

ulcerative colitis 

 

Rituximab B-cell inhibitor, monoclonal 

anti-CD20 antibody 

 

Rheumatoid arthritis 

Golimumab Human anti-TNF IgG 

monoclonal antibody 

 

Ankylosing spondylitis, psoriatic 

arthritis, rheumatoid arthritis 

Tocilizumab IL-6R inhibitor Rheumatoid arthritis 

 

Abatacept Fusion protein (Fc region of 

IgG1 fused with 

extracellular domain of 

CTLA-4)-inhibitor 

of T cell activation 

Juvenile idiopathic arthritis, 

rheumatoid arthritis 

IL- interleukin; R - receptor; TNF- tumor necrosis factor; IgG- immunoglobulin G. 

 

Table 2 : Biological intervention for rheumatologic diseases approved in India(125) 

 



42  

 

 

ROLE OF SCREENING FOR LTBI IN RHEUMATOLOGIC DISEASES – INDIAN 

RHEUMATOLOGY ASSOCIATION RECOMMENDATION: 

 

Now with the wide usage of biologic agents like anti-TNF therapy and steroids for the 

treatment of rheumatologic diseases, reactivation of latent tuberculosis to active disease is  

becoming an increasing threat to public health(126). The Indian Rheumatology Association 

has proposed guidelines for potential adverse effects related to anti-TNF therapy which 

includes screening for tuberculosis before starting the therapy(126–128). It recommends that 

the patient who is planned for a biologics therapy should be screened for tuberculosis with a 

detailed history of prior TB, anti-tuberculosis therapy received, if any, and compliance to the 

therapy. It also states that it should be supplemented with thorough physical examination and 

chest x ray. A TST and QFT may be done and prophylaxis be given to appropriate patients. 

Active TB needs to be adequately treated for 9 months before anti TNF therapy can be started. 

All patients with TST positive and past history of TB should be offered anti-TB prophylaxis. 

Patients on anti-TNF therapy who develops symptoms suggestive of TB should receive full 

anti TB chemotherapy and discontinuation of anti-TNF therapy. All patients commenced on 

anti- TNF therapies need to be closely monitored for TB. This needs to be continued for 6 

months after discontinuing the biological agent particularly in treatment with infliximab due to 

the prolonged elimination phase of infliximab. 
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DIAGNOSTIC METHODS FOR LATENT TUBERCULOSIS INFECTION: 

 

There is no gold standard test for the diagnosis of latent tuberculosis infection. The available 

tests are measure of immunological response to exposure to mycobacterium tuberculosis  

antigen and delayed type hypersensitivity response to a complex mixture of mycobacterium 

tuberculosis antigen called the PPD (purified protein derivative). There are two methods 

currently approved for the evaluation of LTBI. They are TST (tuberculin skin testing) and 

IGRA(interferon gamma release assays). 

 

TUBERCULIN SKIN TEST: 

 

Tuberculin skin test was first described by Robert Koch in 1890, the Mantoux test 

(Tuberculin sensitivity test, Pirquet test, or PPD test for Purified Protein Derivative) is 

named after Charles Mantoux, a French physician who created his test in 1907(129). 

Tuberculin is a glycerol extract of the bacillus while PPD introduced in 1934 is its 

standardized version. In 1939, PPD-S was produced by Seibert and Glenn which remains 

the international standard. Tuberculin skin testing is one of the investigations dating from 

the 19 th century that are still widely used as an important test for diagnosing latent 

tuberculosis infection. Though very commonly used by physicians worldwide its 

interpretation always remains difficult and controversial. Various factors like age, 

immunological status, co-existing illness etc influence its outcomes hence also its 

interpretation(130). 
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Basis of immunological reaction in TST:  The reaction to intra dermally injected tuberculin 

is the classical example of delayed (cellular) hypersensitivity reaction. The T-cells that are  

Sensitized by prior infection are recruited to the skin site where they release lymphokines. These 

lymphokines induce induration through local vasodilation, edema, fibrin deposition and 

recruitment of other inflammatory cells to the site of reaction. Features of the reaction include, 

1. Its delayed course. The reaction reaches its peak more than 24 hours after injection of the 

antigen. 

2. Its indurated character 

3. Its occasional vesiculation and ulceration. 

A standard dose of five tuberculin unit (TU) (0.1ml) is injected intra-dermally and read after 48  

to 72 hours. PPD RT 23 with tween 80 strength of 1 TU and 2 TU are the standard tuberculin 

available in India supplied by Bacillus Chalmette Guerin (BCG) vaccine laboratory, Guindy, 

Chennai. Tween 80 is a detergent added to the tuberculin to prevent its adsorption to glass or 

plastic surface. A person who has been exposed to bacteria is expected to mount an immune 

response in the skin containing the bacterial protein. For the sake of standardization of reading 

and interpretation of the results 5 TU of tuberculin PPD RT 23 is almost always used 

universally. The Mantoux should be read 48 to 72 hours after administration. For the purpose of 

standardization the diameter of the induration should be measures transversely to the long axis 

of forearm and recorded in millimeters. Although rare there have been reports of anaphylaxis 

and foreign body reaction at the site of Mantoux test. There is only very slight risk of having a 

severe reaction to the test including swelling and redness of the arm particularly in people who 

have had tuberculosis and BCG vaccine. Allergic reaction is very rare. Live Bacteria are not  
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used in the test so there is no chance of developing TB from the test. Local reactions such as 

regional lymphangitis and lymphadenitis may occur on rare occasions(128,131,132). 

Mantoux testing is not recommended in the following conditions  

1) Past Mantoux reaction more than 15 mm. In this case repeating the test will not 

provide any new diagnostic information and will create discomfort. 

2) Previous TB disease.  

3) Infants under 12 weeks old. A positive reaction is very important but a negative 

reaction may indicate that the child is too young to mount a response and the test will 

need to be repeated if exposure had occurred. 

4) Pre vaccination Mantoux testing before 12 weeks of age is not recommended and not 

necessary unless the baby has been exposed to TB.  

The person infected with mycobacterium tuberculosis may be identified by tuberculin skin 

testing six to eight weeks after exposure to bacilli. 

 

SITUATION WHERE MANTOUX TESTING IS NOT RECOMMENDED: 

 

Mantoux testing is not recommended in the following situations: 

 Past Mantoux reactions ≥ 15 mm: repeating the test will provide no new diagnostic 

information and will create discomfort 

 Previous TB disease: no useful diagnostic information will be gained and significant 

discomfort is likely 
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 Infants under 12 weeks old: a positive reaction is very important, but a negative 

reaction may indicate that the child is too young to mount a response, and the test will 

need to be repeated if exposure has occurred. Pre-vaccination Mantoux testing before 

12 weeks of age is not necessary unless the baby has been exposed to TB. 

 

RECENT ADVANCES IN MANTOUX TEST: 

 

The Mantoux test is technically difficult to administer and read, so false readings may occur if 

the tester has insufficient skill. It may require four visits by the patient if a two-step test is 

performed, and compliance with this is sometimes difficult. A test that can be done on a single 

patient visit, such as a blood test, would be easier. 

The Food and drug administration FDA approved a novel diagnostic test (QuantiFERON-TB 

GOLD, made by Cellestis, Inc.) for TB. The blood test detects the presence of Mycobacterium 

tuberculosis (TB) infection by measuring interferon-gamma (IFN-G) harvested in plasma from 

whole blood incubated with the M. tuberculosis-specific antigens, ESAT-6(QFT-RD1) and 

CFP-10. This new immunodiagnostic test has been launched as an aid in the diagnosis of 

LTBI. The combination of ESAT-6 and CFP10 was found to be highly sensitive and specific 

for both in vivo and in vitro diagnosis. In humans, the combination had a high sensitivity 

(73%) and a much higher specificity (93%) than PPD (7%). QFT-RD1 test is sensitive for 

diagnosis of TB, especially in patients with negative microscopy and culture. Despite the fact 

that antigens such as ESAT-6 and CFP10 are not restricted to M. tuberculosis, they hold  
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promise for the specific detection of M. tuberculosis infection and, could be a very useful 

supplementary tool for the diagnosis of TB. 

MANTOUX CONVERSION : 

Boosting is a recall of the hypersensitivity response in the absence of new Infection, 

conversion is the development of new or enhanced hypersensitivity due to infection with 

tuberculous or non-tuberculous mycobacteria, including BCG vaccination. 

Mantoux conversion is defined as a change (within a two-year period) of Mantoux reactivity 

which meets either of the following criteria: 

 a change from a negative to a positive reaction 

 an increase of ≥ 10 mm. 

 Conversion has been associated with an annual incidence of TB disease of 4% in 

adolescents or 6% in contacts of smear-positive cases. 

There is debate about the time required for the immunological changes that produce 

Mantoux conversion following infection. After inadvertent vaccination with M. 

tuberculosis (the Lubeck disaster), children developed positive reactions in three to seven 

weeks. Other studies have shown clinical illness, with a positive tuberculin test, from 19 to 

57 days after exposure, with a mean of 37 days. 

Therefore, when testing TB contacts for conversion, the second tuberculin test is done eight  
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weeks after the date of last contact with the source case. (In the past, the traditional window 

period, or interval, of 12 weeks was used.) 

 

Guidelines for the use of the QuantiFERON test were released by the [Center For Disease 

control] in December 2005. At present the position of QuantiFERON-TB in the diagnosis of 

LTBI is not clear. It may be possible in future to replace the skin test with this, or an 

alternative in vitro assay. 

 

 

IGRA – INTERFERON GAMMA RELEASE ASSAY: 

 

Interferon-gamma release assays (IGRAs) are diagnostic tools for latent tuberculosis infection 

(LTBI). They are surrogate markers of Mycobacterium tuberculosis infection and indicate a 

cellular immune response to M. tuberculosis. IGRAs cannot distinguish between latent 

infection and active tuberculosis (TB) disease. IGRAs are useful for evaluation of LTBI in 

BCG-vaccinated individuals, particularly in settings where BCG vaccination is administered 

after infancy or multiple (booster) BCG vaccinations are given. In most individuals infected 

with M. tuberculosis, white blood cells release interferon-gamma when stimulated with  

antigens derived from M. tuberculosis. To perform an IGRA test, a blood sample is incubated  

with antigens and controls. The antigens, testing methods, and interpretation criteria differ 

among IGRA assays. Two NTM that affect humans, Mycobacterium marinum and  
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Mycobacterium kansasii, contain gene sequences that encode for ESAT- 6 or CFP-10, antigens 

used in the new IGRAs. Infection with either of these NTM has been shown to produce 

positive results in IGRAs using these antigens. IGRA results can be available in 24 to 48 

hours. 

 

 

QUANTIFERON - TB GOLD (QFT G): 

 

QFT G was approved by the FDA in 2005, QFT-G is an enzyme-linked immune sorbent 

assay (ELISA) based whole blood test in which blood samples are incubated with the 

mycobacterial antigens (ESAT-6 and CFP-10) for 16 to 24 h. If the patient is infected  

with Mycobacterium tuberculosis, their white blood cells will release interferon-gamma in 

response to contact with the TB antigens which is quantified. 

 

QUANTIFERON TB GOLD In-Tube TEST (QFT-IT): 

 

This test was approved by the FDA in Oct 2007, this ELISA-based assay for quantification 

of interferon-gamma uses heparinized whole blood sample drawn directly into specialized 

three blood collection tubes with antigens (ESAT-6, CFP-10, and TB7.7 proteins) dried onto 

their walls and transferred to an incubator within 16 h of collection. The manufacturers 

claims to have specificity of  more than 99% in low risk individuals and sensitivity of 92% in 

individuals with active disease. 
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TST AND QFT DISCORDANCE: 

 

The absence of a gold standard for Mycobacterium tuberculosis latent infection makes the 

interpretation of tests to detect LTBI dependent on the pre-test probability of infection. 

Knowledge of exposure, therefore, is critical in assessing individuals for LTBI. Despite the 

CDC recommendation and acknowledgment that TST and IGRAs identify overlapping but not 

identical populations, discordance may create uncertainty regarding the diagnosis of LTBI. In  

cases where TST and IGRA are in disagreement, subjects are usually considered MTB-

infected unless there is strong suspicion of a false positive (as in repeated BCG vaccination, 

Booster dose or nontuberculous (NTM) sensitization likely affecting TST reactivity). Age and 

degree of recent exposure to TB might influence test agreement since discordant results are 

more likely to occur in persons of younger age(133) and less exposure (134). 

In a study from Brazil done by Rodrigo et al in 2014 discordance of Tuberculin skin test and  

interferon gamma release assay in recently exposed house hold contacts of pulmonary 

tuberculosis noted that the concordance of IGRA and TST was poor to identify tuberculosis 

infection among the house hold contacts of pulmonary TB. They inferred that either of the test 

positivity or both test positive should be considered as possible infection and further measures 

needs to be taken towards planning treatment keeping in mind the clinical scenario and co-

existing risk factors or diseases(135).   
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TST QFT 

Technique In-vivo skin test ELISA 

Result reported in mm of induration INF-gamma units 

Influenced by NTM Yes  No 

Influenced by prior BCG 

vaccination 
Yes No 

Booster effect if repeated Possible No 

False Positive Possible No evidence 

False Negative Possible Possible 

Correlation with 

Exposure intensity 
Partial Yes 

Antigens used PPD RT23 ESAT-6, CFP-10 

Lab infrastructure 

required 
No Yes 

Adverse reaction Rare None 

Patient visit to compete 

testing 
Two One 

 

Table 3: Differences between tuberculin skin test (TST) and T-cell interferon-gamma 

release assays (QFT)(136) 
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TREATMENT FOR LATENT TUBERCULOSIS: 

 

From the available data from the very well conducted three systematic reviews which aimed 

to determine the at-risk population groups that would be prioritized for latent tuberculosis 

infection testing and treatment among 24 pre-defined population groups, found that there is 

evidence on increased prevalence of LTBI, risk of progression from LTBI to active TB 

disease and increased incidence of active tuberculosis was available for the following 15 risk 

groups(137): 

(i) Adult and child TB contacts 

(ii) Health-care workers and students 

(iii) People living with HIV 

(iv) Patients receiving dialysis 

(v) Immigrants from high TB burden countries  

(vi) Patients initiating anti-tumor necrosis factor (TNF) therapy 

(vii)  Illicit drug users 

(viii) Prisoners  

(ix) Homeless people  

(x) Patients receiving organ and hematologic transplantation  

(xi) Patients with silicosis  

(xii) Patients with diabetes  

(xiii) People with harmful alcohol use 

(xiv) Tobacco smokers 

(xv) Underweight people. 
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Identification and treatment with preventive therapy or prophylaxis of LTBI can 

substantially decrease the risk of development of active tuberculosis disease (by as 

much as 60%), and also it is an important TB control strategy in low-TB incidence 

settings where reactivation disease usually accounts for the majority of non-imported 

tuberculosis disease. For high tuberculosis burden countries such as India, what should 

be the preferred approach toward the management of latent tuberculosis infection? 

This question was answered  by World Health Organization (WHO) in 2015 when they   

published its first comprehensive guideline on management of latent tuberculosis  

infection(138) by giving the following comprehensive algorithm. 

Figure 4: World Health Organization algorithm for latent tuberculosis infection 

management. Source: Adapted from WHO, Geneva(138). 

TREATMENT OPTIONS AVAILABLE FOR LTBI: 
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The four treatment regimens for latent TB infection (LTBI) use isoniazid (INH), 

Rifapentine (RPT), or Rifampin (RIF). It has been noted that all regimens are effective. It is 

advised that healthcare providers should prescribe the more convenient shorter regimens, 

when possible as patients are more likely to be compliant and complete shorter treatment 

regimens(139). 

Drug 

Regimen 

Dose per Kg body 

weight 

Maximum 

Dose 

Isoniazid alone, daily 

for 6 or 9 months 

Adults, 5 mg 

Children, 10 mg 

(range, 7–15 mg) 

300 mg 

Daily rifampicin 

alone for 3–4 

months 

Adults, 10 mg 

Children, 15 mg 

(range, 10–20 mg) 

600 mg 

Daily isoniazid 

plus rifampicin 

for 

3–4 months 

Isoniazid: 

Adults, 5 mg 

Children, 10 mg 

(range, 7–15 mg) 

Rifampicin 

Adults, 10 mg 

Children, 15 mg 

(range, 10–20 mg) 

Isoniazid, 

300 mg 

Rifampicin, 

600 mg 

Weekly 

Rifapentine plus 

isoniazid for 

3 months (12 

doses) 

Individuals aged ≥ 12 years: 

Isoniazid: 15 mg 

Individuals aged 2–11 years: 

isoniazid: 25 mg 

Rifapentine: 

10.0–14.0 kg = 300 mg 

14.1–25.0 kg = 450 mg 

25.1–32.0 kg = 600 mg 

32.1–50.0 kg = 750 mg 

> 50 kg = 900 mg 

Isoniazid, 

900 mg 

Rifapentine, 

900 mg 

Table 4: WHO recommendation for the treatment of LTBI. Source- Latent TB – 

Updated and consolidated guidelines for programmatic management. 
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EFFECT OF STEROIDS ON MANTOUX AND QUANTIFERON: 

 

There are multiple studies stated in the literature trying to answer the ever doubtful question 

that if treatment with steroids and biologics alter the sensitivity and specificity of available 

tests for latent tuberculosis infection. The answer to this question will be YES, steroids 

reduce the accuracy of TST and IGRA. A prospective cross sectional study of 300 patients 

with rheumatoid arthritis and irritable bowel disease who was on treatment with steroids and 

planned for therapy with biological agent done by S Agarwal etal from Lucknow India 

inferred that treatment with steroids specifically who was on steroid dose more than 20 mg 

and within the last 3 months had significantly reduced TST positivity(140). They concluded 

that steroids reduce the prevalence of TST positivity in LTBI. Another prospective 

multicenter study from Copenhagen university Denmark by Belard etal concluded that oral 

steroids significantly suppressed QFT and TST performance where as methotrexate, long 

acting steroids and azathioprine did not show such detrimental effect on these tests(141). The 

manufacturers of commercial IGRA claims to have higher sensitivity over TST in this 

situation of steroid exposure by pointing out that there is internal negative and positive 

controls to increase the sensitivity of the test(142).  

 
RHEUMATOID ARTHRITIS: 

Rheumatoid arthritis is the most commonly diagnosed systemic inflammatory arthritis. 

Women, smokers, and those with a family history of the disease are most often 

affected. Rheumatoid arthritis can be difficult to diagnose in its early stages because 

the early signs and symptoms mimic those of many other diseases. 
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DIAGNOSIS AND TREATMENT FOR RHEUMATOID ARTHRITIS: 

 

Historically the diagnosis of RA was based on the 1987 American college of 

Rheumatology (ACR) criteria. These criteria were based on the persistence of arthritic 

symptoms over time; however, this classification system failed to identify patients with early 

inflammatory arthritis. It is now widely recognized that early therapeutic intervention 

significantly improves the clinical outcomes and reduces irreversible joint damage and 

disability. With this focus, the ACR and the European League Against Rheumatism (EULAR) 

devised and put forward new classification criteria for early rheumatoid arthritis, which assess 

joint involvement, autoantibody status, acute-phase response, and symptom duration, as well 

as revised criteria for classifying RA in newly presenting patients, those with erosive disease 

typical of RA, and those with inactive disease with or without treatment(143). The 2010 

ACR/EULAR criteria involves 4 domains with maximum possible score of 10 and a score 

more than 6 is needed to diagnose a patient as RA. The 4 clinical domains involved are 

I. Joint involvement 

II. Serology 

III. Acute phase reactants 

IV. Duration of symptoms. 

 

There is no cure for RA. Clinical studies suggest that early initiation of treatment reduces the 

morbidity and leads to remission of the disease. The treatment options available are as follows  

I. NSAIDS 

II. Steroids 
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III. DMARDS – Disease modifying anti-rheumatic drugs 

IV. Biological therapy. 

If the medical therapy fails, there are few surgical modalities that can improve symptoms and 

reduce morbidity. The surgical modalities practiced for RA(144) are 

I. Synovectomy 

II. Tendon repair 

III. Joint fusion  

IV. Total joint replacement. 

 

ANKYLOSING SPONDYLITIS 

 

Ankylosing spondylitis (AS) is a potentially disabling inflammatory arthritis of the 

spine, usually presenting as chronic back pain, typically before the age of 45. It is often 

associated with one or more of several articular features, including synovitis, 

enthesitis, and dactylitis. It may also be associated with several non-articular features; 

these include uveitis, psoriasis, and inflammatory bowel diseases. Patients frequently 

carry the gene for human leukocyte antigen (HLA)-B27, and patients with active 

inflammatory disease often have evidence of an elevated acute phase response. The 

hallmark feature of ankylosing spondylitis is the involvement of the sacroiliac (SI) 

joints during the progression of the disease. Ankylosing spondylitis affects men more 

often than women. Although clinical history, presentation and examination is classical 

and enough for the diagnosis of AS blood investigation of C-reactive protein and 

erythrocyte sediment rate (ESR) should be obtained.  HLA-B27 testing should be  
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considered in patients suspected of having AS, depending upon the level of suspicion 

of the diagnosis and the utility, availability, and cost of the test in the geographical 

region and practice setting; the results of such testing should be interpreted in the 

context of the other features of AS that are present(145). It is recommended to use the 

ASAS modification of Berlin algorithm for the diagnosis of AS(146). 

TREATMENT OPTIONS FOR ANKYLOSING SPONDYLITIS: 

 

The treatment of AS can be divided into non pharmacological and pharmacological 

therapy. The non-pharmacological treatment includes physical therapy, patient education, 

counselling about various aspects of the disease and life style modifications. NSAIDs are 

the first line in the pharmacological therapy for AS. Usual duration of therapy with 

NSAIDs are 4 weeks. In case of failure of response defined by persistence of symptoms 

the next recommended line of therapy is TNF alpha inhibitors. The approved TNF alpha 

inhibitors for AS are Etanercept, Infliximab, Adalimumab, Golimumab and Certolizumab. 

The response to TNF alpha inhibitors are assessed by composite measure by the ASAS, 

which includes: 

•Patient global assessment 

•Patient assessment of pain 

•A functional assessment, such as ability to carry out certain activities with which the 

patient had difficulty prior to treatment 

•Degree of inflammation as assessed by morning stiffness. 

Newer drugs like Secukinumab an IL-17A monoclonal antibodies are the available 

alternative to TNF alpha inhibitors(145). 
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METHODOLOGY: 
 

 

Inclusion Criteria: 

 

a. Patient with an established diagnosis of rheumatoid arthritis or ankylosing 

spondylitis. 

b. Steroids for treatment of primary disease less than or equal to Deflazacort 12 

mg or       Prednisolone 10 mg for 3 months prior to recruitment. 

c. Age more than or equal to 18 years. 

d. Not critically ill or moribund. 

e. Willing to participate and give informed written consent and fulfill study 

protocol requirements. 

 

 

 

Exclusion criteria: 

 

a. Patients with past history of tuberculosis. 

b. Patients with active tuberculosis on anti-tubercular drugs. 

c. Treated with biological therapy, immune suppressant drugs. 

  
 

 

 

 

 

 

 

 

 



60  

 

 

 

 

 

 

 

   

METHOD: 
 

 

The patients were recruited from the Rheumatology and Pulmonary medicine outpatient 

facility. All patients who fulfilled entry criteria for participation in the study were included 

the recruited subjects   proceeded to participate after they had provided written informed 

consent. A detailed past history of tuberculosis, exposure to tuberculosis was obtained. 

Treatment history for the primary disease, duration of treatment and dose of steroids used 

in the last 3 months were also obtained. History of vaccination with BCG was also 

obtained and confirmed by checking the induration mark. Detailed history of current 

symptoms if any pointing towards active tuberculosis infection was obtained. If any 

symptoms were positive they will be screened  for  active  TB  with  AFB  smear(if 

symptomatic) and Chest X ray and excluded from the study and if active TB is detected 

the treating physician and concerned unit will be intimated and appropriate treatment will  

be initiated. Enrolled patients were tested for latent tuberculosis infection with 

QuantiFERON GOLD (QFT) and tuberculin skin testing (Mantoux). 
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TUBERCULIN SKIN TEST: 

 
Tuberculin skin test was performed on all recruited patients. TST was performed using 5 

TU (0.1 ml) PPD intra dermally using a 26G needle on the left forearm. 

How TST was done – 

After cleaning the desired site an intra-dermal bleb of about 4-6 mm was raised by a 26 G 

needle using 5TU (0.1 ml) PPD. The site was marked and educated the patient about test 

and expected skin reaction. The size of induration was marked, measured and recorded 

on to the proforma sheet after 48 to 72 hours.  

 

QuantiFERON GOLD (QFT):  

 
Blood for QFT was collected form all recruited patient who consented for the study.  

 

How QFT was done –  

4 ml blood was drawn by venipuncture into the QFT tubes, by gently shaking vertically 

up and down to facilitate mixing with the reagent. The collected samples were incubated 

overnight at 37 degree Celsius in oxygen incubator. The following day these incubated 

samples were centrifuged at 2600 rpm for 15 minute at room temperature to separate 

plasma. This segregated plasma was placed in the Automated Dynex Machine to carry 

out the analysis. The results were generated by the automated machine as OD (optical 

density) and were recorded as positive or negative. 
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Detailed diagrammatic Algorithm of the study 
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Detailed research plan: 
 

 

 

 

Setting:  

 

a. The study was conducted in the outpatient department of the Department 

of Pulmonary Medicine and outpatient department of the Department of 

Rheumatology of, Christian medical college, Vellore, a tertiary hospital 

in Tamilnadu, South India. The study was conducted over a period from 

May 2018 to June 2019 and patients were recruited exclusively from the 

outpatient facility of the above mentioned two departments. 

b.  Recruitment was done from May 2018 to June 2019. 

c. At recruitment patients was given an information sheet and explained in 

detail about the study purpose and his/her contribution to the future 

generation. 

d. An informed written consent was obtained at recruitment by the primary 

investigator. 

e. Tuberculin skin test was performed by a trained nursing staff on the left 

forearm to maintain convention and 10 ml blood was collected by 

venipuncture for QuantiFERON Gold (QFT). 

f. The skin test was read, interpreted and recorded after 48-72 hours. 
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Sample size Calculation: 

 
 

 From the extensive literature review and discussion the prevalence of latent 

tuberculosis infection in a high burden area was noted to be 40%. To detect a 30% 

prevalence of latent tuberculosis in the study population we needed a sample size of 

172 subjects with 7 % precision and 95 % confidence interval. 

The following formula was used for sample size calculation: 

 

 

 

Quantitative variables: 
 

 

Descriptive statistics was reported using Mean+ or -SD. Frequency and percentage 

was reported for categorical variables. Data  will  be  summarized  using  mean  +  or  

-  SD/Median(Range)  for  continuous variables,  Frequency  (percentage)  for  

categorical  variable.  The relation between latent tuberculosis infection presence and 

categorical / demographical factor was analyzed using chi square test and 

independent t-test for continuous variables. The risk estimates was presented as 

ODDS ratio (95%CI).  The risk factors was determined using logistic regression. 
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Statistical methods: 
 

 

Data entry was done using EpiData. Statistical analysis was done using SPSS 16.0 or 

higher. Descriptive statistics for the outcomes was reported using Mean+/-SD, if normal 

and median and IQR if skewed. Frequency and percentage was reported for categorical 

variables.  Chi-square and independent t - test was done to check the association between 

the categorical variables and the continuous variable. Risk estimates were presented as 

ODDS ratio (95%CI).  The risk factors were determined using logistic regression. 

 

 

Data entry and statistical analysis: 
 

 

All data were entered into the clinical proforma and subsequently entered into EpiData 

software. The data was extracted onto Microsoft Excel and analyzed by IBM SPSS 

software.
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Results 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5: Table showing the method of recruitment and tests done among the total subjects 
 

TOTAL SCREENED (n = 312) 

REASON FOR 

EXCLUSION 

 
 Past pulmonary TB (n = 14) 

 Current steroid dose more than 12 mg 

Defcort (n = 92) 

 Received treatment with 

immunosuppresser in the past  (n = 11) 

 Refused consent (n = 17) 

 

RECRUITED (n=178) 

AS (n = 30) RA (n = 148) 

TST +ve 

(n = 71) 

QFT +ve 

(n = 73) 

  TST & 
QFT +ve 

(n = 58) 

TST & 
QFT -ve 
(n = 62) 

 

TST +ve 
(n = 20) 

 

QFT +ve 
(n = 12) 

 

TST & 
QFT +ve 
(n = 11) 

 

TST & 
QFT -ve 
(n =9) 

 

Excluded (n = 134) 

TST+ve/ 
QFT-ve 

(n=13) 

TST –ve 
/QFT+ve 

(n = 15) 

TST –ve 
/QFT+ve 

(n = 1) 

 

TST+ve/ 
QFT-ve 
(n=9) 
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During the period of this cross sectional study a total of 312 patients were screened and 178 

patients were recruited.  Of these 148 patients had rheumatoid arthritis and 30 patients had 

ankylosing spondylitis. 134 patients were excluded from the study due to various reasons as 

mentioned below, 

1) Past pulmonary tuberculosis ( n = 14) 

2) Refused consent (n=17) 

3) Received therapy with immunosuppressive drugs in the past (n = 11) 

4) The ongoing steroid therapy dose was more than 12 mg Deflazacort(n = 92) 

 

 

 

 

 

 

Baseline Characteristics: 
 

 

In this study the final analysis showed a total of 57 males and 127 females, showing female 

preponderance. Out of the 107 subjects that was positive for LTBI 61(57.1%) were females 

and 46(42.9%) were males. There was a female preponderance in the LTBI positive group. 

This difference was statistically significant with a P value of <0.001. 

The mean age of the total 178 subjects was 47.6 years.  Among the latent tuberculosis 

positive patients the mean age was 46.87 with a standard deviation of 11.37 and in the latent 

tuberculosis infection negative groups it were 48.85 with a standard deviation of 12.07.  

This difference was not statistically significant (P value = 0.269). 
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Among the LTBI positive group the mean height was 160.28 with a standard deviation (SD) 

of  9.40 and it was 155.00(8.09) mean (SD) in the LTBI negative group. This difference was 

statistically significant with a P value of less than 0.001. 

 

Graph 1: Bar graph showing the frequency of gender preponderance in LTBI +ve and 

LTBI –ve group. 
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Table 6: Demographic data of subjects in our study 

 LTBI +ve (n=107) LTBI –ve (n=71) 
TOTAL 

(n = 178) 

P-value 

 

AGE (Mean, SD) 46.87(11.37) 48.85(12.07) 47.6(11.6) 0.269 

GENDER 
M 46(42.9%) 11(15.5%) 57(32%) <0.001 

F 61(57.1%) 60(84.5%) 121(68%)  

SMOKERS 18(85.71%) 3(14.28%) 21(11.8%) 0.032 

WEIGHT(Mean) 65.07(11.54) 63.80(13.20) 64.56(12.2) 0.497 

HEIGHT(Mean) 160.28( 9.40) 155.00( 8.09) 158.17(9.2) <0.001 

PROFESSION    0.085 

SEMI - 

SKILLED 
116(65.17) 63(58.88) 53(74.65)  

SKILLED 49(27.53) 34(31.78) 15(21.13)  

PROFESSIONAL 13(7.30) 10(9.35) 3(4.23)  

HIGHEST 

EDUCATION 
   0.019 

PRIMARY 22(12.36) 9(8.41) 13(18.31)  

SECONDARY 69(38.76) 36(33.64) 33(46.48)  

HIGHER 

SECONDARY 
31(17.42) 19(17.76) 12(16.90)  

UNDER 

GRADUATE 
40(22.47) 31(28.97) 9(12.68)  

POST 

GRADUATE 
16(8.99) 12(11.21) 4(5.63)  

INCOME    0.114 

<6000 INR 52(29.55) 26(24.30) 26(37.68)  

6000 – 8000 INR 38(29.59) 21(19.63) 17(24.67)  

8000 – 14000 

INR 
42(23.86) 29(27.10) 13(18.84)  

>14000 INR 44(25.00) 31(28.97) 13(18.84)  
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Graph 2: Bar graph showing the frequency of smokers in LTBI +ve and LTBI –ve group. 

 

 

Among the smokers 18(85.75%) were LTBI +ve and 3(14.28%) were LTBI –ve. This 

difference was statistically significant with a P value of 0.032.  
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Graph 3: Bar graph showing the frequency of subjects with BMI less than or equal to 22.9 

and more than or equal to 23 in the LTBI +ve and LTBI –ve group. 

 

In the LTBI +ve group there were 76(71.0%) subjects with BMI of more than 23 Kg /m2 and 

31(29.0%) subjects with BMI of less than or equal to 22.9 Kg /m2 . This difference was not 

statistically significant (P value = 0.164). 
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Among the rheumatoid arthritis patients the mean (SD) age was 49.99(10.19) and among  

the patients with ankylosing spondylitis the mean (SD) age was 36.17(11.83).  In the RA 

group the mean duration (SD) of disease was 90.28(62.38) months and that in the AS 

group was 82.13(105.51). In our study the mean weight was 64.5(12.2). The mean weight 

in the RA group was 64.47(12.41) with a mean (SD) BMI of 26.28(4.90). In the AS group 

the mean (SD) weight was 65.03(11.35) with a mean (SD) BMI of 23.67(3.37) which was 

marginally lower than the RA group. 

 

 

Graph4: Bar graph representing BMI (Kg/m2) in patients with RA and AS 

 

In RA group the average BMI was 26.28 kg/m2, (Range of 21.38 – 31.18) where as in AS  

group ,the average BMI was 23.67 kg/m2 (Range 20.3 – 27.04). In our study, BMI in RA 

group was higher compared to the AS group, although both the mean BMI were within the 

overweight range for WHO criteria for BMI cut off. 
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The tuberculin skin test (TST) was positive in 91(51.12%) of the study population and 

QuantiFERON (QFT) was positive in 85(45.75%) of the total population (Table 7). 

 

 
 

 TOTAL(n=178) RA(n=148) AS(n=30) 

QFT POSITIVE 85(47.75%) 73(49.32%) 12(40.00%) 

TST POSITIVE 91(51.12%) 71(47.97%) 20(66.66%) 

QFT AND TST +ve 69(38.76%) 58(39.19%) 11(36.67%) 

QFT AND TST - ve 71(39.89%) 62(41.89%) 9(30%) 

Either QFT or 

TST +ve 

(DISCORDANCE) 
38(21.35%) 22(14.86%) 16(53.33%) 

 

 

 

Table 7: Table showing the results of QFT and TST in RA and AS, also depicts the discordant 

reports for the two tests used in RA group and AS group.  

 

 
 

QFT and TST were performed for all the recruited patients (Graph 6). In the 148 patients who 

had RA 73(49.32%) had a positive QFT test, 71(47.97%) out of 148 had positive TST and 

28(18.92%) out of 148 patients had either QFT or TST positivity. QFT and TST was tested 

positive in 58(39.19%) subjects among the RA group and 11(36.67%) subjects in the AS 

group. 

. 
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Graph 6: Graph depicting the test positivity in total study population, RA and AS 
 

 

 

A discordance in both the test results that is either TST or QFT only was noted positive in a 

total of 38(21.35%) of the total study population. A discordance between TST and QFT was 

noted which was 22(14.86%) and 16(53.33%) among RA and the AS group respectively. 
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          PREVALENCE OF LTBI IN RA AND AS 

 

 
 
 

 

Graph7: Graph showing the prevalence of LTBI in the total study population. 

 

 

Prevalence of LTBI by TST = 51.12 (95% CI, 43.53- 58.67%) 

Prevalence of LTBI by QFT = 47.75 (95% CI, 40.23-55.35%) 

Prevalence of LTBI overall (TST + QFT) = 60.11 (95% CI, 52.52- 67.36) 
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From our study we estimated the prevalence of latent tuberculosis infection by TST positivity, 

QFT positivity and overall that is by TST and QFT positivity.  

 

The prevalence of latent tuberculosis infection estimated by TST was 51.12(95%CI 43.53 - 

58.67%), that by QFT were 47.75(95%CI, 40.23-55.35%). The overall prevalence of LTBI that 

is by both QFT and TST positivity was 60.11(95% CI, 52.52-67.36%). Our study estimated a 

high prevalence of latent tuberculosis infection compared to the data available for the general 

population which is estimated to be around 40%.  

 

A univariate analysis was done to look for any risk factors to find the cause of increased 

prevalence of latent tuberculosis infection in the study population. We found that among the 

LTBI positive group 23(82.14%) the rate of contact to tuberculosis in the past was a significant 

risk factor for being tested positive for LTBI with a P - value of 0.010. It was interesting to 

note that a statistical significant P – value of 0.011was observed for smoking to be a risk factor 

for the LTBI positive group. 

 

We also analysed other risk factors like duration of the primary disease (P-value 0.022), dose 

of steroid received in the past 3 months (P-value0.773), and maximum steroid dose received 

over total duration of treatment (P-value 0.275). These risk factors though important were 

found statistically not significant by a multivariate analysis.  
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Graph 8: Graph depicting the prevalence of LTBI in RA and AS. 

 

Among the 148 patients with RA 86 subjects were tested positive for LTBI and the 

prevalence was calculated as 58.10(95% CI 49.7 – 66.1%). Among the 30 AS patients 21 

subjects were tested positive for LTBI. The prevalence calculated for AS group was 70% 

(95% CI 50.6 – 85.2%). 
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Table 8: Table describing the univariate analysis for LTBI positive and negative subjects.  

 

 TOTAL 
LTBI 

POSITIVE 
LTBI 

NEGATIVE 
P VALUE 

Mean Age 47.66(11.66) 46.87(11.37) 48.85(12.07) 0.269 

GENDER 
 

 

 

 

 

 

<0.001 
MALE 57(32.02) 46(42.9%) 11(15.5%) 

FEMALE 121(67.98) 61(57.1%) 60(84.5%) 

PRIMARY DISEASE 
 

 
  

0.225 
RA 148(83.14%) 86(58.11%) 62(41.89%) 

AS 30(16.85%) 21(70%) 9(30%) 

DURATION OF 
DISEASE 

88.88(71.31) 78.98(53.02) 104.09(91.02) 0.022 

DOSE OF STEROIDS 
RECIEVED IN LAST 3 

MONTHS 
6.25(3.09) 6.33(3.42) 6.13(2.50) 0.773 

STEROID DOSE 
RECEIVED 

 

 

 

 

 

 

 

 

 0.315 
No steroids 101(56.74%) 61(60.4%) 40(39.6%) 

<12 mg Defcort 77(43.25%) 33(42.9%) 44(57.1%) 

BCG SCAR 153(85.95%) 93(60.78%) 60(39.21%) 0.651 

CONTACT WITH TB 28(15.73%) 23(82.14%) 5(17.86%) 0.010 

BMI    

0.164 = or < 22.9 45(25.9%) 31(29.0%) 14(19.7%) 

= or > 23.0 133(74.1%) 76(71.0%) 57(80.3%) 

SMOKING HISTORY 21(11.79%) 18(85.71%) 3(14.28%) 0.011 
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Table 9: Multivariate analysis of risk factors for latent tuberculosis infection.  

 
 
 

 

VARIABLE 

UNIVARIATE MULTIVARIATE 

OR(95%CI) P-value OR(95%CI) P-value 

PROFESSION  

SEMISKILLED REF REF 

SKILLED 1.90(0.93, 3.87) 0.074 1.02(0.32, 3.24) 0.963 

PROFFESIONAL 2.80(0.73, 10.71) 0.132 1.58(0.11, 21.38) 0.727 

EDUCATION  

PRIMARY REF REF 

SECONDARY 1.57(0.59, 4.16) 0.359 1.15(0.37, 3.49) 0.804 

HIGHER 

SECONDARY 
2.28(0.74, 6.97) 0.146 1.91(0.53, 6.85) 0.318 

UNDER 

GRADUATE 
4.97(1.60, 15.37) 0.005 3.97(1.01, 15.56) 0.048 

POST 

GRADUATE 
4.33(1.05, 17.84) 0.042 2.08(0.17, 24.16) 0.557 

INCOME  

<6000 REF REF 

6000-8000 1.23(0.53, 2.85) 0.622 1.02(0.38, 2.68) 0.965 

8000-14000 2.23(0.95, 5.22) 0.064 1.39(0.50, 3.87) 0.520 

>14000 2.38(1.02, 5.55) 0.044 1.18(3.30, 4.68) 0.808 

ATT EXPOSURE 

WITHOUT 

DIAGNOSIS OF 

TB 

5.65(0.69, 46.2) 0.106 4.89(0.50, 47.08) 0.169 

BCG SCAR 1.21(0.51, 2.86) 0.651 0.68(0.25, 1.80) 0.440 

CONTACT WITH 

TUBERCULOSIS 
3.61(1.30, 10.17) 0.013 2.48(0.79, 7.75) 0.116 

SMOKING 4.58(1.29, 16.19) 0.018 4.04(1.07, 15.27) 0.039 

 

The GOF of this multivariate model is Chi square of 74.29(0.0734) and the R2 is 0.1168. 
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In the absence of a gold standard test for diagnosing latent tuberculosis infection, we tried to 

explore the sensitivity, specificity, positive likelihood ratio and diagnostic accuracy of TST 

against QFT.  

 

 
 

 

 

 
QFT  +ve QFT  -ve TOTAL 

TST 

+ve 69 22 
91 

 

TST -ve 16 71 87 

TOTAL 

 85 93 178 

 

 

Table 10: Comparison between QFT and TST 

 

 

Sensitivity = 81.2% (95%CI – 71.2% - 88.8%) 

Specificity = 76.3% (95%CI – 66.4% - 84.5%) 

Positive Likelihood ratio = 3.43 (95%CI – 2.35 – 5.01) 

Concordance = 78.65%, Kappa = 0.57 (0.37-0.77) 
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When we analysed the sensitivity of TST compared to QFT for the whole population (table 10), 

we found a sensitivity of 81.2% with a 95% Confidence interval (CI) 71.2% - 88.8. The 

specificity of TST was 76.3% with a 95% Confidence interval (CI) 66.4% - 84.5%). The positive 

likelihood ratio of TST was found to be 3.43 with a 95% Confidence interval (CI) 2.35 – 5.01. 

The concordance between the test was 78.65%, with a Kappa value of 0.57 (0.37-0.77). 

 

We tried to find the sensitivity, specificity, positive likelihood ratio and diagnostic accuracy 

of TST against QFT in RA and AS as well. When we analysed the two by two table for 

patients with RA (table 11) was found that the sensitivity of TST was 79.6% (95%CI – 68.4% 

- 88.0%) with a specificity of 82.7% (95%CI – 72.2% - 90.4%) when compared with QFT in 

the 148 patients with RA. The positive likelihood ratio was 4.5 (95%CI – 2.79 – 7.61) for 

TST against QFT in the RA population. This inferred that among all the patients who were 

tested positive by QFT, the true positive by TST was 79.6%. 

 

Similarly we also analysed the sensitivity, specificity, positive likelihood ratio and diagnostic 

accuracy of TST against QFT in the AS group (table 12). We noted that the sensitivity of 

TST was 91.7% (95%CI – 61.5% - 99.8%) with a specificity of 50% (95%CI – 26% - 74%) 

when compared with QFT. The positive likelihood ratio was 1.82 (95%CI – 1.2 – 3.0) for 

TST against QFT. This inferred that among all the patients who were tested positive by QFT, 

the true positive by TST was 91.7%. There was also a fair concordance between the tests 

which was reported as 66.7% with a kappa value of 0.375 (0.099 – 0.651). 
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Table 11: Comparison between QFT and TST in patients with RA 

 

 
 
 

 

 QFT  +ve QFT -ve TOTAL 

TST 

+ve 58 13 
71 

 

TST -ve 15 62 77 

TOTAL 

 73 75 148 

 

 

 

Sensitivity = 79.6% (95%CI – 68.4% - 88.0%) 

Specificity = 82.7% (95%CI – 72.2% - 90.4%) 

Positive Likelihood ratio = 4.5 (95%CI – 2.79 – 7.61) 

Concordance = 81.1%, Kappa = 0.62 (0.49-0.75)
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Table 12: Comparison between QFT and TST in patients with AS 

 

 

 

 
 

 QFT  +ve QFT -ve TOTAL 

TST 

+ve 11 9 20 

TST -ve 1 9 10 

TOTAL 

 12 18 30 

 

 

 

Sensitivity = 91.7% (95%CI – 61.5% - 99.8%) 

Specificity = 50% (95%CI – 26% - 74%) 

Positive Likelihood ratio = 1.82 (95%CI – 1.2 – 3.0) 

Concordance = 66.7%, Kappa = 0.375(0.099-0.651) 
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Among the study population (n=178), TST was tested positive in 91(51.12%) subjects and 

QFT was noted to be positive in 85(47.75%) subjects. There was concordance between TST 

and QFT test positivity in 69(38.76%), and concordance in TST and QFT negativity was 

71(39.89%).  

There was discordance between TST and QFT results in 38(21.34%). The characteristics of 

subjects with discordance between the tests are described in table 13.  

 

 TST+/QFT− (n =22 ) TST−/QFT+(n =16 ) P value 

Age, years 40.95(12.08) 50.00(7.71) 0.012 

Sex, male 13(59.09%) 7(43.75%) 0.350 

BCG scar present 19(86.93%) 14(87.50%) 0.919 

Underlying disease  

Rheumatoid arthritis 13(59.09%) 15(93.75%) 

              0.017 

Ankylosing spondylitis 9(40.91%) 1(6.25%) 

TB exposure 

present 
0(0.00%) 4(25.0%) 0.013 

Smoker 4(18.18%) 4(25.0%) 0.611 

 

Table 13: Characteristics of patients with discordant results on the TST and QFT assays
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Discussion: 
 

 

To our knowledge the present study is the first study of its kind in India, where the prevalence 

of latent tuberculosis and correlation between the diagnostic tests available for latent 

tuberculosis was studied in a cohort of patients with rheumatoid arthritis and ankylosing 

spondylitis. There are studies from outside India which looked at prevalence of latent 

tuberculosis infection among patients diagnosed with rheumatologic diseases(147). It is also 

clinically important to know the correlation of TST and QFT since reactivation of latent 

tuberculosis in patients receiving biologic therapy especially TNF alpha inhibitors has been 

shown to have increased morbidity and mortality. It is also a widely known and accepted fact 

that the screening for TB before starting biologic therapy reduces the incidence of  latent 

tuberculosis infection by up to 85%(148,149). A well-recognized problem for the diagnosis of 

latent tuberculosis infection is that there is no gold standard test and hence direct measurement 

of sensitivity and specificity of TST and QFT is not possible.  

Our study found prevalence of LTBI by TST positivity as 51.12 %( 95% CI, 43.53 - 58.67), that 

by QFT as 47.75 %( 95% CI, 40.23 - 55.35). The overall prevalence of LTBI that is by TST and   

QFT positivity as 60.11% (95% CI, 52.52 - 67.36) compared to the 40% in general population 

(150). In a study done by Malaviya etal in ISIC Super specialty Hospital New Delhi inferred 

that among the 730 patients (265 rheumatoid arthritis, 400 axial spondyloarthritis [axSpA], 34 

psoriatic arthritis, and 31 others) who were considered for biological DMARDs.  

267 (36.6%) were positive for LTBI(151). In another study by the same investigator prevalence 

of LTBI was found to be 43% by performing QFT and TST in a cohort of 144 RA patients (152)  

which was close to the 40% in general population(150). 
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Information on the immunocompromised state of patients with rheumatologic disease 

especially rheumatoid arthritis  in the Indian patients was already available in the literature 

from a study published in 1977(153). This and another study from India done by Aggarwal 

etal from Lucknow Uttarpradesh, King George Medical University  have shown that, besides 

other parameters, as compared to normal controls, the TST(mantoux) positivity among 

patients with RA was almost near to 50%(154).  Similarly, the official figures on standard 

Mantoux test positivity as a surrogate for LTBI among the general population in India was 

also available and reported to be 40%(150).  Considering these evidences available in the 

literature, we believed that about 40% of the patients with rheumatologic disease, hailing 

from similar background population, would have latent tuberculosis infection. However our 

findings were higher than what was expected. We also found that by combining both TST 

and QFT we could identify a prevalence of 60.11% over the expected 40%. 

 

The overall increase in prevalence 60.11 (95% CI, 52.52- 67.36) may be explained by that 

the study was carried out in tertiary centers rheumatology and pulmonary medicine 

outpatient department where the exposure to TB could have happened. 

Several studies have compared tuberculin skin test and Interferon gamma release assays like 

QFT. Most of these studies have concluded that IGRAs are more useful than TSTs because  

of its greater sensitivity and avoiding the confounding factor of prior BCG  
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vaccination(155,156). It was also noted for the available previous studies that the overall 

agreement between these two tests are ranging from 56% to 72% with a Kappa value of  

around 0.22 to 0.42 which reflect poor correlation(157–160). In this study we found the 

correlation by Kappa for TST and QFT was 0.57 with a fair concordance between the tests 

of 78.65% which was similar, but slightly higher than the previous studies in literature 

(table 14). 

 

In a study be Cobanoglu etal from Turkey the discordance in +ve TST and -ve QFT was 

explained by high prevalence of BCG vaccination which is similar to the situation in our 

study. The BCG vaccination scar was seen in 85.95% of the study population and this 

would have caused TST positivity. Other speculation is that there could have been more 

exposure to non-tuberculosis mycobacterium (NTM) strains, which rendered more TST 

positivity among our study population. 

 

As there is high prevalence of LTBI and in the absence of a gold standard test to diagnose the 

same we would recommend initial testing by tuberculin skin test and if found negative to test 

with IGRA to avoid not diagnosing LTBI which have potential to reactivate to active TB 

disease in people with altered immune status like our study population.  
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Table 14: Concordance of the interferon-gamma release assay (IGRA) and the tuberculin skin 

test (TST) for the screening of tuberculosis infection in the immune mediated inflammatory 

disease population. 

 

 

 

Study Country 
IGRA 

Type 
n 

BCG 

% 
k 

CONCORDANT 

result 

DISCORDANT 

result 

TST+ 

/IGRA

+ 

TST-
/IGRA- 

TST-

/IGRA

+ 

TST+ 
/IGRA- 

 
COBANOGLU 

 

Turkey 

 

QFT 

 
68 cases 

 

 
100 

 
0.14 

 
8 (13.1) 

 
23 (37.7) 

 
1 (1.6) 

 
29 (47.5) 

 

38 

controls 

 
 

-0.05 

 

0 

 

23 (63.8) 

 

1 (2.8) 

 

12 (33.3) 

 
MATULIS 

 

Switzerlan

d 

 

QFT-

GIT 

 

142 

 

83 

 

0.16 

 

10(7) 

 

60(44.7) 

 

5(3.5) 

 

34(24.4) 

 
PRATT 

 

UK 

 

QFT-
GIT 

 

101 

 

78.5 
- 

 

NA 

 

NA 

 

NA 

 

NA 

 
KOBASHI 

 

Japan 

 

QFT- G 

 

252 

 

60.3 

 

0.29 

 

30 

(13.6) 

 

120(54.5

) 

 

6(2.8) 

 

64(29.1) 

 
BOCCHINO 

 

Italy 

 

QFT-

GIT 

 

 

 

69 

 

2.8 

 

0.57 

 

14 

(20.9) 

 

41 (61.2) 

 

8 (11.9) 

 

4 (6) 

 

T SPOT 
TB 

 

 
69 

 
2.8 

 
0.48 

 
12 

(18.5) 

 
39 (60) 

 
9 (13.8) 

 
5 (7.7) 

 
GREENBER 

 

USA 

 

QFT-G 

 

61 cases 

 

 

 

27.8 
- 

 

NA 

 

NA 

 

NA 

 

NA 

 

42 

controls 

 

23.3 
     

PRESENT    
STUDY 

India QFT 178 85.95 0.57 69 71 16 22 
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Limitations: 
 

 

 

 

Our study was not without limitations. We collected information regarding steroid dose 

used for treatment of the primary disease from patients and cross checked with the data 

available  in the records of our institution, the details about duration and dosage of steroid 

used or any other exposure to biological disease modifying treatments received were not 

completely reliable and substantiated. There might be an element of recall bias as the data 

was mostly obtained from the subjects and reliable cross checking was not possible for 

treatment received from other medical centers prior to visiting our institution. 

 

The sample size was calculated in reference to similar studies done estimating the 

prevalence of latent tuberculosis in other rheumatologic diseases like takayasu arteritis 

and systemic lupus erythematosis the sample size of 172 appeared to be seemingly small 

considering the varied paradigm of presentations and treatments in rheumatoid arthritis 

and ankylosing spondylitis and higher number may be studies to obtain statistically sound 

and more robust data that can be applied to the population. 
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Conclusion: 

 

 

 

From our study we conclude that the prevalence of latent tuberculosis among the risk 

population with rheumatologic diseases like rheumatoid arthritis and ankylosing spondylitis 

is 60.11 (95% CI, 52.52- 67.36) which is much higher than the data among general 

population as 40%. In the absence of a gold standard test to diagnose latent tuberculosis 

infection we would recommend initial testing by tuberculin skin test and if found negative 

to test with IGRA to avoid not diagnosing LTBI which have potential to reactivate to active 

TB disease in people with altered immune status like our study population.  
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Future direction: 

 

 

We propose large-scale cohort studies to estimate risk for progression of latent tuberculosis 

infection to active TB disease in people who have had positive results to the tuberculin skin 

test and/or interferon gamma release assay, with a particular interest to the risk of disease in 

persons with discordant reactions. Until further data are available on the implication of 

discordant TST and QFT results, a strategy of simultaneous TST and IGRA (QFT) testing 

should maximize the sensitivity for latent tuberculosis diagnosis.
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Annexure 2: consent forms 
 

 

Informed Consent form to participate in a research study  
 
 
Study Title: Prevalence of LTBI in Rheumatoid arthritis and Ankylosing spondylitis 

 
Study Number: ____________ 

 
Subject’s Initials: __________________ Subject’s Name: 
_________________________________________ 
 
Date of Birth / Age: ___________________________ 
 

(Subject) 
 
(i)  I confirm that I have read and understood the information sheet dated ____________ 

for the above study and have had the opportunity to ask questions. [  ] 
 
(ii)  I understand that my participation in the study is voluntary and that I am free to 

withdraw at any time, without giving any reason, without my medical care or legal rights 
being affected. [  ] 
 

(iii)  I understand that the primary investigator of the clinical trial, the research team, 
the Ethics Committee and the regulatory authorities will not need my permission to look 
at my health records both in respect of the current study and any further research that 
may be conducted in relation to it, even if I withdraw from the trial. I agree to this 
access. However, I understand that my identity will not be revealed in any information 
released to third parties or published. [  ] 

 
(iv)  I agree not to restrict the use of any data or results that arise from this study provided 

such a use is only for scientific purpose(s). [  ] 
 
(v)  I agree to take part in the above study. [  ] 
 
Signature (or Thumb impression) of the Subject/Legally Acceptable  
 
Date: _____/_____/______ 
 
 
 
 
 
Signatory’s Name: _________________________________         Signature:  
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Or 
 
 
 
 
 
 
 
 
 
 
 
Representative: _________________ 
 
Date: _____/_____/______ 
 
Signatory’s Name: _________________________________ 
 
 
Signature of the Investigator: ________________________ 
 
Date: _____/_____/______ 
 
Study Investigator’s Name: _________________________ 
 
 
Signature or thumb impression of the Witness: ___________________________ 
 
Date: _____/_____/_______ 
 
Name & Address of the Witness: ______________________________ 
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ANNEXURE 5: THESIS DATA 
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