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ABSTRACT 
 

 

 

BACKGROUND AND AIM: 
 

Tuberculosis (TB) is one of the most common infectious killers. According to the 2019 

Global TB Report, despite the severe medical measures taken in an effort to control it, the 

incidence of TB in India is as high as 27 lakhs. Patients with latent tuberculosis have 

mycobacterium tuberculi infection but no visible signs of active TB. These patients do not 

exhibit any clinical signs or symptoms of active TB. When compared to the general 

population, people with rheumatologic diseases who are harbouring LTBI are up to four 

times more likely to develop active tuberculosis. In addition, it was discovered that 

individuals receiving biological therapy for underlying rheumatologic disorders had a risk 

of latent tuberculosis infection reactivation of 2% to 30% per life year (1). Our study will 

aid in determining the burden of latent TB in rheumatoid arthritis patients. More rigorous 

screening can be ensured, which will reflect in regulating the seedbed of TB, if it is 

discovered that the proportion in the study group is higher than the proportion of LTBI in 

the general population. 
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METHODS: 
 
 

Our study involved a cross-sectional analysis of Rheumatoid Arthritis patients who have been 

treated in the past but have never used biologic medications. The participants were assessed for 

active TB using an AFB smear (if symptomatic) and a chest X-ray; if active TB was found, the 

participants were excluded from the study and the appropriate therapy was started. 

QuantiFERON GOLD (QFT) and TST LTBI tests were performed on study participants. After 

administering the PPD for 48–72 hours, the TST findings were read. 
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RESULTS: 
 
 

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

with rheumatoid arthritis and was 51.5%,This was estimated by positive test results by 

QFT. Proportion of LTBI by TST only was 39.4% . This was from 17 LTBI positive 

cases from 33 patients with RA, and 7.7% converted to Fulminant TB. 
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CONCLUSION: 
 

 

From our study we conclude that the proportion of latent tuberculosis among the risk 

population with rheumatologic diseases like rheumatoid arthritis is 51.5% and 7.7% 

converted to Fulminant TB. In the absence of a gold standard test to diagnose latent 

tuberculosis infection we would recommend testing by tuberculin skin test and IGRA to 

avoid not diagnosing LTBI which have potential to reactivate to activeTB disease in people 

with altered immune status like our study population. 
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ABBREVATIONS 
 

 

 

TB – Tuberculosis 

 

MTB – Mycobacterium tuberculosis 

LTBI – Latent tuberculosis infectionRA 

– Rheumatoid Arthritis 

 
AS – Ankylosing Spondylitis 

 

DMRDS – Disease modifying anti rheumatic drugs 

 

bDMARDS – Biological disease modifying anti rheumatic drugs 

 

csDMARDS – Conventional synthetic disease modifying anti rheumatic drugsTST – 

Tuberculin skin test 

QFT – QuantiFERON gold test. 

 

IGRA – Interferon gamma release assay 

RIF – Rifampicin 

WHO – World health organisation 

 
HIV – Human immune deficiency virusCD 

 

– Cluster of differentiation 

 

MHC – Major histocompatibility complexNK 

cells – Natural killer cells 

Man LAM - Mannose capped lipoarabinomannanINF 

 

– G – Interferon Gamma 

IL – Interleukin 

MIP – Macrophage inflammatory protein MCP – 

Monocyte chemo attractant protein 
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TNF – Tumor necrosis factor 

TLR – Toll like receptor 

TNF R – Tumor necrosis factor receptor 

BCG – Bacillus Calmette Guerin 

NTM – Non tuberculosis mycobacterium 

NOS – Nitrogen oxide synthase 

EPTB – Extra pulmonary tuberculosis 

PPD – Purified protein derivative 

TU – Tuberculin units 

 

ELISA – Enzyme linked immune sorbent assay 

ESAT 6 – Early secretory antigenic target 

CFP 10 – Culture filtrate antigen PCR – 

Polymerase chain reaction 

NSAIDS – Non steroidal anti-inflammatory drugs 

HLA – Human leukocyte antigen 

BMI – Body mass index 

SD – Standard deviationCI 

– Confidence interval 
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Introduction 
 

 

Despite decades of efforts to control tuberculosis (TB), India has the greatest global burden of 

tuberculosis (TB), and it continues to spread (1,2). The results of an infection with Mtb can have 

one of three distinct outcomes depending on how the environment, host, and pathogen-specific 

variables interact. 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. The virulence of the strain, the extent of exposure to the index case, the amount of 

bacterial inoculum, and various host features including age and co-morbidities all have a role in 

where one stands on the continuum (3).TB remains among the topmost cause of infectious disease 

related deaths. Latent tuberculosis infection serves as a reservoir for the spread of mycobacterium 

tuberculosis, which in turn allows the disease cycle to continue on a population-wide scale (3–5). 

When compared to the general population, people with rheumatologic illnesses who are harboring 

LTBI are up to four times more likely to develop active tuberculosis. It was also discovered that 

individuals receiving biological therapy for underlying rheumatologic disorders had a risk of latent 

tuberculosis infection reactivation of up to 25%(6,7). Patients with latent TB disease are infected 

with Mtb but do not show symptoms clinically. 

LTBI patients possess no signs of active TB. Therefore, screening with TST or QFTs is 

recommended prior to beginning treatment that includes steroidsand other biological agents that 

will change patient's immunological status. The patient may be more susceptible to developing 

an active tuberculosis infection due to the patient's Weakened immune system(5,7,8). 
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Figure 1 : Global prevalence of latent TB infection(9). 

 

Our research shall aid in determining proportion of latent TB in rheumatoid arthritis subjects. If 

the proportion in the study population is found to be more than the proportion of LTBI in general 

population, increasing the screening process may help. More importantly, to avoid reactivation, 

patients needing steroid and immunosuppressive medication should be given LTBI prophylaxis. 

In order to determine the proportion of LTBI in people with rheumatoid arthritis, this study is 

designed. 
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AIMS AND OBJECTIVES 
 

 

 

 
 

Aim: 
 

 

• To find the proportion of Latent tuberculosis infection in patients diagnosed 

with Rheumatoid Arthritis, by using Interferon Gamma Release Assay and 

Tuberculin Sensitivity Test. 

• To find out risk of latent tuberculosis converting into fulminant tuberculosis by the 

use of steroids for the treatment of RA. 
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Review of literature 
 

 

 

TUBERCULOSIS 

 

Mycobacterium tuberculosis is the infectious agent that causes tuberculosis (TB). It is a 

facultative intracellular, non-spore-forming, aerobic, non-motile, alcohol, and acid-fast 

bacteria. The high lipid content of this bacillus is responsible for its distinctive 

characteristics. TB, also known as extra-pulmonary TB, typically infects the lungs but can 

also affect other human organs (10). Aerosol routes are used to spread the illness when ill 

persons cough or otherwise release bacteria into the air, which can cause the disease. Overall, 

only 5–15% of the subjects, 1.7 billion Mtb infections globally will result in TB disease 

throughout the course of a person's lifetime (11). Sputum smear microscopy, molecular 

testing, and culture-based techniques are all used as TB diagnostics. 

Tests available for TB that is immune to first- and second-line anti-TB medications. One of 

these is XpertMTB/RIF, which concurrently assesses TB and rifampicin resistance, the most 

potent first-line anti-TB medication. 

 

 
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) individuals died from the disease in 2017. This 

was despite several preventive attempts to minimise the burden and impact. More than 70% of these 

new cases occurred in developing countries, with Africa having the greatest mortality per population 

rates (11). 

The current TB epidemic is being sustained and fueled by two important factors: the human 
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HIV infection and its relationship to active tuberculosis disease, as well as Mycobacterium 

tuberculosis strains' increasing resiliency to the most effective (first-line) anti-TB drugs (11,12). 

Population growth, low case identification, cure rates in developing nations, active transmission in 

crowded hospitals, jails, public spaces, emigration from nations with high incidence rates owing to 

war or famine, drug misuse, social disintegration, and homelessness are other contributing causes. 

Patients with active illness and positive sputum smears the primary infection in a population is 

pulmonary TB. Only around 10% of people with M. tuberculosis primary infection develop clinical 

illness. The immunological response that follows stops M. tuberculosis from growing in the 

remaining instances. 

90% of the time, the immune response only succeeds in containing the infection, while just 10% of 

people achieve total eradication of the disease. This is due to the fact that some bacteria are able to 

avoid immune system defences (like phagosome-lysosome fusion, CD1 molecules, production of 

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

intermediates) and persist in non-replicating (dormant or latent) states in old lesions. 

 

When a human has latent tuberculosis, they are infected yet do not exhibit any symptoms. But between 

5 and 10%, of those with latent tb go on to acquire active illness (13). This pool of latently infected 

people is where the majority of active disease cases in countries with low TB incidence originate. 

DocuSign Envelope ID: 3B0A43C5-4390-4455-A5D9-974AF60F2562



DocuSign Envelope ID: 82E700FF-6896-424F-A960-A375E95A2257 

24 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

Figure 2 : Spectrum of TB infection(14) 
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LATENT TUBERCULOSIS 
 

 

Clemens von Pirquet coined the phrase "latent TB infection" (Wagner, 1964). (15). Koch's tuberculin 

was the name of the skin test he developed using a rudimentary combination of mycobacterial 

antigens. He proposed this classification to describe a child who tested positive for tuberculin on the 

skin but did not exhibit any extrapulmonary or pulmonary TB symptoms. Latently infected people are 

not contagious, unlike patients with active TB disease, and their chest radiographs don't show any 

abnormalities or indications of cured 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). 

 

Recent estimates indicate that latent TB infections affect about one-quarter of the world's population 

(17). Even healthy people can live a lifetime with a latent TB infection due to the highly varied 

latency period. Reactivation happens in a small percentage of cases (5%–15%), frequently in the first 

two–five years after an infection that the immune system was able to contain (18). 

Reactivation is when dormant, nonclinical infection becomes an active case of tb. 

 

Consequently, those who have latent tuberculosis infection serve as a significant source of new 

instances of active TB (19). Although the underlying factors that lead to LTBI reactivation and their 

related aetiologies are not fully known, they undoubtedly entail bacterial, host, and environmental 

factors (20). While the person’s lifetime risk for turning a latent TB infection into active TB is 

estimated to be between 5% and 15% in otherwise healthy people with proven LTBI, a number of 

comorbidities and risk factors are linked to heightened likelihood of developing active TB. The most 

significant known and documented risk factor is, Infection with the human immunodeficiency virus 

(HIV). 
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HIV and latent TB co-infection raise a person's risk of getting active TB disease by more than a 

hundred times (21). The danger is still quite high even when antiretroviral medication is effective (22,23). 

According to their related risk factors, other comorbidities and conditions linked to LTBI reactivation 

have been classified as having a high, moderate, slightly elevated, low, or extremely low risk (20,24,25). 

High-risk patients include those who have silicosis(28), chronic renal failure individuals who require 

haemodialysis(26), transplant recipients who are on immune suppressants(27), and others. 

 

The subjects on glucocorticoids or tumour necrosis factor-alpha (TNF-alpha) inhibitors(29,30) (used 

to treat a variety of autoimmune and inflammatory conditions), people with any type of DM , and 

under the age of four children who recently infected are at moderate risk (31). Latent TB reactivation 

is slightly more in people who misuse alcohol, cigarettes, are underweight, or are malnourished (32). 

These groups have greater rates of TB than the overall population (4,11,24). Suppressed immunity is a 

trait shared by the majority of these disorders that raise the likelihood of reactivatio 
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PATHOGENESIS OF LATENT TUBERCULOSIS: 

 

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

sapiens(33). Despite continuous exposure to infectious TB patients, some people do not become 

infected, as shown by a negative TST and IGRA for LTBI (34). Infection sets in when the bacilli enter 

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

bacteria move from the distal part of airways to the draining lymph nodes, which are the mediastinal 

lymph nodes, the dendritic cells will now transport the bacteria and antigens, where they initiate the T 

cell mediated response of the immune system. 

In order to establish a granuloma, more immune cells such as lymphocytes and macrophages move to 

the main infection site. In the majority of TB animal models, bacterial growth rises logarithmically 

before plateauing just as the T cell response begins and granulomas start to appear 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 believed to act as a physical and immunologic 

barrier to confine infection and stop its spread. 

A granuloma is a structural organisation of distinct immune cells, including macrophages, T cells, B 

cells, dendritic cells, neutrophils, natural killer (NK) cells, fibroblasts, in response to pulmonary 

inflammation caused by the stimulation of host cell mediated immunity with mycobacterial antigens 

(36,37). The immune system maintains the granulomas by a dynamic process of continual immunologic 

regulation of bacterial reproduction. The granuloma forms when host macrophages phagocytose the 

mycobacterium and release pro-inflammatory cytokines like TNF- alfa to recruit additional cells (38). 
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Recruited macrophages either consolidate to create multinucleated giant cells or develop into 

epithelioid cells inside the granuloma that has formed(39). The outer circle of lymphocytes, including 

CD4 T cells of the adaptive immune response, surrounds the aforementioned cells and may increase 

the ability of macrophages to kill bacteria by releasing IFN-gamma (38). It is seen that the granuloma is 

enclosed in a tight layer of fibroblasts at a later stage (39). The result of mycobacterial infection in the 

host is determined by the adaptive cell-mediated immune response and the appropriate establishment 

of the granuloma. The host response is sufficient in 90% of those with Mycobacterium tuberculi 

infection to prevent the TB illness (33, 37, 40). Mycobacterium tuberculi effector proteins and glycolipids 

have a role in a number of metabolic alterations that are associated with the persistence of TB bacilli 

in granulomas (41, 42). The persistent bacilli in granuloma are subject to a variety of stressful situations, 

including hypoxia, nutritional shortage, an acidic pH, and nitric oxide-inhibited respiration. All of 

these elements trigger the production of genes that cause the mycobacteria to enter a dormant stage(43). 

The metabolic and replicative activities of these latent bacilli can be reduced, and they can also 

impede growth and development. Additionally, they develop immunity to immune defence and 

effectively escape immune cell eradication (44). Tuberculosis bacilli can resurface after several years or 

even decades of latency, alter their metabolism, and change the pressure on granulomas, which results 

in necrotic cell death (41). According to certain theories, the correct granuloma development in 

tuberculosis infections is crucial for regulating mycobacterial growth and influencing tissue damage 

and transmission, the two most important features of active TB disease (45). 
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The localisation of lymphocytes that are specific to an antigen within the lungs may be affected by 

an inadequate upregulation of the adhesion molecules on circulating lymphocytes. This has an impact 

on the ability of the proper granuloma to inhibit Mycobacterium tuberculosis from growing (46). The 

intricate mechanisms directed at the antigen presentation determine the strength of the T cell response 

in the granuloma. Mannosecapped lipoarabinomannan (Man-LAM), trehalose dimycolate (cord- 

factor), 19- kDa lipoprotein, other mycobacterial components can influence how mycobacterial 

protein and glycolipid antigens are processed and presented by cells with MHC class I, MHC class II, 

and CD1 molecules (47). In this manner, bacilli may prevent macrophages from presenting antigens to 

T cells (48, 49). CD4+, CD8+, gamma and delta T-lymphocytes, as well as CD1 restricted as well as 

cytotoxic T cells are insufficiently activated, which impairs macrophages' ability to kill bacteria and 

alters the capacity of other immune cells involved in the inflammatory response, causing damage to 

the tissue and the spread of infection (45, 47, 49). 

Most people develop a specific acquired cell-mediated immunity after their first contact to 

mycobacteria, which inhibits mycobacterial growth without completely eliminating it (50). 

These people still have inactivated TB bacilli in their system. For an immune-competent patient, the 

lifetime chance of latent tuberculosis infection reactivating into active tuberculosis is in the range of 

10%. (37, 40). 

The main element of the host's defense against tuberculosis is cell-mediated immunity. 

 

Controlling tuberculosis infection in those people who are resistant, depends upon the formation of a 

Th-1 immune response. This type immune response includes the participation of host alveolar 

macrophages, dendritic cells, T lymphocytes which include TCD4+, TCD8+, and Tγδ. 
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Interlukin-8, monocyte chemoattractant protein 1 (MCP--1), and macrophage inflammatory protein--1 

alpha (MIP--1α), as well as pro inflammatory cytokines interferon--gamma (IFN-gamma), 

interleukin-2 (IL--2), interleukin-12 (IL--12), interleukin-18 (IL--18), and tumour necrosis factor- 

alpha (TNF--alpha), are released. 

All of the abovementioned cells are required for the recruitment of fresh cells to the infection site in 

order to develop a granuloma that harbours and destroys tuberculosis bacilli. Additionally, it develops 

the long-term niche required for the growth of LTBI (36,51). 

Latent infection can develop into active disease when a host experiences a number of favourable 

conditions. Among the known risk factors for latent TB reactivation to active tuberculosis are HIV 

infection, immunosuppressive therapy with glucocorticoids, anti-TNF therapy, anti-cancer 

medications, malnutrition, smoking, alcoholism, malignancy, insulin-dependent diabetes, and renal 

failure (37,43,52). 
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THE ROLE OF INNATE IMMUNE RESPONSE: 

 

The activation of the innate immune system and the ensuing response, which includes the bacillus 

coming into touch with the macrophages and dendritic cells of the innate immune system, always 

signal the start of the host's resistance against mycobacterial infection. 

It has been established that toll-like receptors play a crucial role in mycobacterium TB infection as 

pattern recognition receptors. Increased susceptibility to MTB in MyD88-deficient mice first 

indicated that Toll-like receptors were important in the initial host response(53,54), Although there is 

debate regarding the precise Toll-like receptors involved. However, expression of the innate 

immunological signal transduction adaptor MyD88-dependent IL-1R is also essential for 

mycobacterium tuberculosis resistance (55). Toll-like receptors--2, Toll-like receptors--4, and Toll- 

like receptors--9 have been indicated being crucial in the response to MTB in vitro and in vivo 

studies in murine models(54,56–62), while other research have unable to support these findings (63,64). 

TLR gene variants have been linked to a higher risk of mycobacterium TB infection or illness (65,67). 

TLR activation causes the vitamin D dependent formation of antimicrobial-peptides with 

bactericidal action in humans, according to in vitro studies (68,69) . 

DocuSign Envelope ID: 3B0A43C5-4390-4455-A5D9-974AF60F2562



DocuSign Envelope ID: 82E700FF-6896-424F-A960-A375E95A2257 

32 

 

 

 
 

 

 

 

 
 

 

M. tuberculosis component Immune cell process inhibited/affected 
 

Mannose capped lipoarabinomannan Phagolysosome biogenesis 
 

Mannose capped lipoarabinomannan MHC class II expression and antigen presentation 
 

Mannose capped lipoarabinomannan Apoptosis of macrophages 
 

 

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

NADH dehydrogenase (NuoG) Apoptosis of macrophages and dendritic cells 
 

 

Serine/threonine protein kinase G (PknG) Phagolysosome biogenesis 
 

Lipoprotein LprA MHC class II expression and antigen presentation 
 

Secretion system SecA2 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. 

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

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

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

Trehalose dimycolate (cord factor) Phagolysosome biogenesis 

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

phagolysosome/macrophage 

ESX-1 secreted proteins Macrophage proinflammatory cytokine response 

Lipid phosphatase (SapM) Phagolysosome biogenesis 

Lipoprotein LprG MHC class II expression and antigen presentation 

Superoxide dismutase (SodA) Apoptosis of macrophages and dendritic cells 
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ROLE OF ADAPTIVE IMMUNE RESPONSE: 
 

The adaptive immune system cells perform the most important role in establishing and maintaining 

the latency, which will eventually manifest as latent tuberculosis infection without any overt signs 

or symptoms of active disease. The key cells involved in this process include macrophages, T cells, 

and various cytokines like IL 12, IL 23, and interferon gamma. 

 
T CELLS: 

 

The cell-mediated immune system is crucial for the treatment of acute Mycobacterium TB infection. 

The granuloma contains CD-4 and CD-8 T cells, B-cells, macrophages, neutrophils, fibroblasts, and 

multinucleated giant cells. CD4 T cells are required for the control of both acute and chronic infection, 

according to murine models (70). For effective CD8 T cell function, CD4 T cells are crucial as they are 

the main processor and producers of IFN-gamma, they also help in synthesis of TNF. 

This hypothesis has been tested and verified in nonhuman primates with SIV (Simian 

Immunodeficiency Virus)infection, where the initial decline in CD4 T cell levels was associated with 

time to reactivation of latent infection, and in patients with HIV infection, where the risk of 

tuberculosis infection rises with declining CD4 T cell counts(71) (72). Additionally, it was discovered 

that the prevalence of extra pulmonary TB, a warning indication for a serious illness, was negatively 

connected with CD4 T cell concentration (73). 

Despite being first thought to be contentious, CD8 T cells are crucial to the immunological response 

against tuberculosis. According to certain research on murine acute infections, mice missing 

functioning MHC class-I had larger bacterial burdens than wild type controls (74). In mice with 

minimal bacterial loads due to antibiotic treatment, the depletion of CD8 T cells resulted in 

exacerbation of infection(75). 
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Although CD8 T cells may produce TNF and IFN-gamma as well as CD4 T cells, at least in mice, 

they are best recognised for their ability to kill infected cells through cytotoxicity. The ability of 

CD8 T lymphocytes to secrete perforin enables the creation of pores in infected cells' cellular 

membranes and facilitates the release of granule-associated proteins like granzymes, which induces 

apoptosis. In mice, it has been demonstrated that perforin from CD8 T lymphocytes has a significant 

protective function during acute infection (77). CD8 T cells are also cytolytic, to generate IFN- 

gamma, and to make granulysin, which has anti-mycobacterial activity(78). However, their function 

in the human tuberculosis infection is still unknown at this time. During acute M. tuberculosis 

infection, CD8 deletion in rhesus macaques reduced the Bacillus Calmette-Guérin-induced 

immunological response(80), indicating that CD8 T cells are crucial to the defence against 

Mycobacterium TB. 

 

 
CYTOKINES: 

 

A crucial part of the primary and latent infection is played by cytokines. Mice lacking in interleukin- 

12 (IL-12), which is crucial for the Th1 response, have been shown to have lower survival rates and 

higher bacterial burdens than controls with IL-12 responses that are normal (81). Genetic abnormalities 

in IL-12/IL-23/IFN-gamma axis have been linked to severe disseminated mycobacterial illness in 

human investigations in the past (82). Studies on mice have demonstrated that T cell-produced IFN- 

gamma is crucial for early protection and is necessary for generating NOS2 (83,84). In reaction to 

mycobacterial antigens, humans also create IFN-gamma, which serves as the foundation for 

diagnostic/test known as the Interferon Gamma Release Assay. 

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

to other non-tuberculous mycobacteria (NTM)(86). The relatively inadequate granuloma formation and 

insufficient macrophage activation seen in that paradigm led to the long-standing recognition that 

functioning tumour necrosis factor (TNF) is crucial for managing acute and chronic murine infection 

(84,87). TNF is crucial for resolving acute infection and preventing reactivation, however recent studies 

using zebrafish and nonhuman primate models have demonstrated that overall granuloma 

development is normal in not presence of TNF alfa (88, 89). There is evidence that higher vulnerability 

to active TB across the African continent has been linked to genetic variability of the TNF Receptor 

(TNFR) in humans (90). TNF's significance is highlighted by the highincidence of TB among 

individuals using anti-TNF medications for illnesses. Although majority of these instances were first 

believed to be due to tuberculosis reactivation, but there is concern regarding the possibility of 

developing active TB now that these medications are accessible in regions with a high TB endemicity, 

such as India. TNF modifies the expression of chemokines and adhesion molecules, some of which 

have been shown to be crucial in the early stages of infection (91). The survival of mycobacteria in 

macrophages is thought to be harmed by TNF, which is also a modulator of apoptosis. More virulent 

strains of MTB seem to generate reduced TNF expression in human alveolar macrophages, which will 

result in self-death of cells as a means of lowering intracellular bacterial population(92). This suggests 

that apoptosis of cells is linked to a good outcome of infection. In animal models, an attenuated MTB 

strain that enhances apoptosis elicited higher CD-8 T cell activation, responses and provides increased 

protection against virulence (93). 
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MACROPHAGE ACTIVATION 

 

Mycobacterial eradication depends on macrophage activation. The cytokine IFN-gamma, which is 

largely produced by T cells, appears to be crucial for activating macrophages. Nitric oxide synthase 2 

(NOS2) plays a significant role in the early and chronic stages of infection in mice, and in this model, 

macrophage cells activation is equivalent to the production of NOS2. Although NOS2 expression and 

function have been observed in human samples (96), more research is necessary to determine whether 

NOS2 plays a role in human tuberculosis. Changes in the NOS2A gene sequence has been linked to 

higher susceptibility to TB in humans (66). 

 

THE INFLUENCE OF BACILLI AND VARIOUS STRAINS ON LATENCY: 

 

According to the substantially improved knowledge and understanding of the virulence factors linked 

to M. tuberculosis, the bulk of these virulence factors tend to interfere with and modify host responses. 

Long believed to have a highly stable genetic makeup was M. tuberculosis. Recent studies have 

revealed that M. tuberculosis' genome is significantly more plastic than previously believed and that 

there are important differences across strains and isolates that could influence the severity and 

progression of an infection. Furthermore, there is evidence that suggests certain clades of M. 

tuberculosis are connected to populations from particular geographic regions and appear to have 

coevolved with those populations (97). 

The Beijing strain, which makes up around 50% of East Asian TB strains, has emerged in the last ten 

years as a major source of the disease (98). There is evidence that Beijing strain infections are linked to 

more severe disease, and some studies, but not all, have shown that Beijing strain infections are more 

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

According to a study conducted in the Gambia, contacts who were infected with the M. tuberculosis 

complex member Mycobacterium africanum were more likely to develop latency than those who were 

infected with other M. tuberculosis strains, such as the Beijing strain, and had a lower risk of 

developing active TB. In another investigation, strains having a Euro-American ancestry were more 

likely than other strains to induce pulmonary disease as opposed to meningeal TB. In the same study, it  

was discovered that the Beijing strains were linked to those who had polymorphisms in the TLR2 

gene, which has previously been linked to a higher risk of contracting tuberculosis. Therefore, it's 

crucial to remember that the bacilli strain that is causing the infection can affect how the infection 

develops and how it turns out (100). The final result, however, is probably going to be influenced by 

the host and the bacillus. 

 
 

THE SPECTRUM OF LATENT INFECTION: 

 

The traditional view of tuberculosis holds that it only manifests as an active illness or a latent 

infection with no overlap. There is now mounting proof that latent infection likely exists on a 

spectrum, similar to active tuberculosis (which can appear in a range of severity). Even though the 

overall mean of IFN- gamma production is higher in patients with active disease than in those with 

latent disease, a quick review of the interferon gamma release assays (IGRA) results reveals that there 

is a significant amount of variability within both the latent and active groups, which lowers the 

assay's predictive value (101). According to a review article written by Barry et al(14), the concept of 

latent infection is evolving. A latent infection is diagnosed 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, without the need for additional 

testing, which restricts the capacity to identify subclinical disease A study of 601 culture-positive TB 

cases found that majority of the individuals were asymptomatic and that 9% had normal chest x-rays. 

Two-thirds of these subclinical cases—22%—were HIV-positive, which is an established risk factor 

for abnormal chest x-ray findings. Only 5% of these subclinical cases were HIV-negative (73,102). 

These findings imply that subclinical illness does exist, albeit with a low prevalence. However, 

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

with positive TST or blood test) is significantly more common among HIV+ patients who reside in 

high TB endemic areas and is significantly more common than in the general population (52). Sputum 

testing has become a common practise for tuberculosis screening in regions with high endemic rates of 

both HIV and tuberculosis as a result of this. The subclinical instances and rates of tuberculosis among 

immunological competent people have not been thoroughly and methodically investigated. 

Anecdotally, recent developments in medical imaging have shown that metabolically active lesions are 

present in latently infected persons, indicating that latency might be thought of as a dynamic process 

(103,104). 

It stands to reason that a person's relative risk of reactivation will depend on where they fall on the 

latent infection spectrum. For instance, patients without subclinical disease are probably at a lower risk 

for reactivation than those with undetected preclinical tuberculosis, who would otherwise be referred 

to as latently infected and presumably have a high reactivation rate. On the other hand, some patients 

are unlikely to ever reawaken despite immune suppression; this could be attributable to genuine 

clearance of the infection or to bacilli residing in a truly latent inactive condition, although separating 

these states in humans given current technologies is impossible. 
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To distinguish between infected people for whom immune interventions (such as anti-TNF medication) 

may be most dangerous and those for whom prevention and antibiotic therapy may be most useful, 

biomarkers that can discriminate the location on the latency spectrum are urgently needed. 

 

 
 

 

Figure 3 : The spectrum of M. tuberculosis infection outcomes is shown in this figure. In order to 

better depict the variation in infection in these two categories, the clinical outcomes of active (red line) 

and latent (blue line) infection are split. Up the spectrum of illness, as indicated by the dashed orange 

line, the bacterial burden is anticipated to rise. The seesaws show how the granuloma's pro- and anti- 

inflammatory (P) elements are balanced. These two elements are in equilibrium at the lower end of the 

latency spectrum, limiting disease while restricting bacterial proliferation. The balance can change as 

one moves along the spectrum, either with too much pro-inflammatory activity or too much anti- 

inflammatory activity, which can result in inadequate bacterial control and increasing pathology. The 

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

 

Mycobacterium tuberculosis can be demonstrated to survive for years inside of a human host, 

therefore it makes sense to think of latent infection as a dynamic process involving bacterial survival 

and immune regulation. HIV, malnutrition, tobacco use, indoor air pollution, alcoholism, silicosis, 

insulin-dependent diabetes, renal failure, malignancy, and immunosuppressive medication such 

glucocorticoids are established risk factors for reactivating latent infection, according to several 

epidemiologic research (105,106). The risk factors for reactivation that have received the most 

attention and study are HIV infection and TNF inhibitor therapy. TNF inhibitors were first made 

available for the treatment of numerous inflammatory and autoimmune illnesses more than ten years 

ago. Patients on TNF inhibitors had a higher TB incidence, which is thought to be the result of a 

latent infection becoming active again (107). According to the literature on human investigations, 

granuloma structure was entirely normal, in contrast to what was shown in the murine model, and 

reactivation was also believed to be produced by TNF neutralisation in nonhuman primates with true 

latent infection (89). Although these findings did not correspond to reactivation instances, studies in 

patients treated with TNF inhibitors revealed that cells in the blood had decreased T cell activation, 

IFN-gamma production, and proliferation as well as decreased CD8 memory T cells with lower 

granulysin (108). 

However, sufficient quantities of IFN-gamma were discovered in mediastinal lymph nodes of non- 

human primates (monkeys) investigations, suggesting that immunologic components in the blood 

may not always correlate with local illness. TNF neutralisation reduced cellular recruitment (i.e., T 

cell recruitment) to illness sites, changed the expression of chemokine receptors, and produced an 

excessive amount of extra pulmonary disease (89). 
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More importantly,Although a high rate of reactivation (65%) was observed in latently infected 

monkeys, not all monkeys reactivated after receiving short-term anti-TNF treatment (89), suggesting 

that TNF is a significant but not always crucial factor in maintaining latent infection and that the 

range of latent infection likely plays a significant role in the overall risk of reactivation. The most 

frequent risk factor for TB recurrence is still HIV. HIV's immune suppression has played a major 

role in the emergence of tuberculosis as a hazard to global health. Compared to non-HIV patients, 

HIV patients have a nearly 10-fold increased chance of reactivation (109). 85% of cases of 

tuberculosis had only pulmonary involvement prior to the HIV epidemic. In contrast, advanced HIV- 

infected patients with tuberculosis had an abnormally high risk of disseminated, extrapulmonary 

illness. Regardless of antiretroviral medication, the highest risk of tuberculosis was shown to be 

associated with CD4 T cell counts below 200 cells/ml (71) indicating that CD4 T cells are essential 

for maintaining latent infection. The risk of TB is still elevated even under ideal circumstances when 

CD4 T cell numbers increase(110,111), demonstrating that HIV infection causes additional 

immunological weaknesses independent of CD4 count. When all monkeys suffer reactivation TB 

either early or late after contracting the SIV infection in latently infected monkeys (112). Following 

SIV infection, early reactivation was linked to more severe T cell depletion and poor T cell 

recovery, which is consistent with human data. 

 

The loss of mycobacterial-specific CD4 T cells caused by HIV, increases in HIV load in serum and 

macrophages brought on by M. tuberculosis, a shift from Th1 to Th2 response via changes in IL-10, 

regulatory T cells, IL-12, IL-4, and TNF, loss of granuloma integrity, and changes in apoptotic 

mechanisms are just a few of the immunologic interactions between HIV and M. tuberculosis that 

(113). 
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RHEUMATOLOGICAL DISEASES AND LTBI REACTIVATION: 

 

One of the most common autoimmune arthritises, rheumatoid rheumatic (RA) has a prevalence 

of about 1% worldwide (114), and between 0.50% and 0.75% in India (115,116). The existing 

treatments for these inflammatory rheumatologic illnesses aim to lessen pain, inflammation, and 

disease progression. Non-steroidal anti-inflammatory medications, steroids, and disease- 

modifying anti-rheumatic (DMARDs) medicines are typical therapies . Biologics that target 

disease-specific inflammatory pathways have transformed the treatment of RDs in patients 

whose condition is resistant to traditional synthetic (csDMARD) drugs. 

Biologic DMARDs (bDMARDs) include monoclonal antibodies that target inflammatory cytokines, 

such as tumour necrosis factor (TNF) inhibitors such as adalimumab, etanercept, infliximab, 

certolizumab, and golimumab, interleukin-6 receptor inhibitor tocilizumab, B-cell inhibitor 

rituximab, and T-cell costimulation inhibitor abat (117). In the treatment of diseases like RA, 

psoriatic arthritis, ankylosing spondylitis (AS), and psoriasis, anti-TNF biologics have shown 

effective. Adalimumab, etanercept, infliximab, and golimumab are the anti-TNF biologics that have 

been given the all-clear in India to treat RDs (Table:2) Biological agents have made great progress in 

the treatment of rheumatologic illnesses, but the possibility of TB reactivation is a growing source of 

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 

containment of the bacteria. 
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TNF and interferon (IFN)-c signaling is important in host defenses against mycobacterial infections. 

TNF is involved in a number of processes, including the activation of macrophages and the 

recruitment of cells (such as natural killer cells, granulocytes, fibroblasts, and T cells) to the sites 

of infection, which results in the formation of granulomas and the containment and eradication of 

the pathogen. TNF aids in the granuloma's maintenance in patients with latent tuberculosis 

infection. The physiological TNF-mediated immune-inflammatory responses are interrupted by 

anti-TNF medication, which disrupts well-formed granulomas and releases live mycobacteria, 

reactivating TB (121). Nine commonly used biological DMARDs were the subject of a Cochrane 

review and network meta-analysis, which also revealed a higher risk of TB reactivation (odds ratio 

[OR] 4.68, 95% CI 1.18-18.60; P = 0.028). (122). Additionally, as compared to the general 

population, the risk of developing tuberculosis in patients receiving biological treatments is around 

56 times higher (123,124). Anti-TNF therapy's potential to reactivate tuberculosis and its link to 

worsening morbidity and quality of life worry doctors. Therefore, it is strongly advised that this 

high-risk population be assessed and given the proper prophylactic treatment to lower the risk of 

TB flare before beginning biologic DMARD medication. 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 DMAEDs are initiated. 
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Biologics approved in 

India 
Mechanism of Action Related conditions 

 

 

 
 

Adalimumab TNF inhibitor, human IgG1 

monoclonal antibody 

Rheumatoid arthritis ankylosing 

spondylitis, plaquepsoriasis, 

psoriatic arthritis, ulcerative 

colitis 

Etanercept TNF inhibitor, TNF- 

receptor fusion protein 

Rheumatoid arthritis ankylosing 

spondylitis, psoriasis, juvenile 
  rheumatoidarthritis, psoriatic 
  arthritis 

Infliximab TNF inhibitor, chimeric 

anti-TNF antibody 

rheumatoid arthritis,Ankylosing 

spondylitis, Crohn’sdisease, 
  psoriasis, psoriatic arthritis, 
  ulcerative colitis 

Rituximab B-cell inhibitor, monoclonal 

anti-CD20 antibody 

Rheumatoid arthritis 

Golimumab Human anti-TNF IgG 

monoclonal antibody 

rheumatoid arthritis Ankylosing 

spondylitis, psoriaticarthritis. 

Tocilizumab IL-6R inhibitor Rheumatoid arthritis 

Abatacept Fusion protein (Fc region of 

IgG1 fused with extracellular 

Juvenile idiopathic arthritis, 

RA. 
 domain of CTLA-4)-inhibitor  

 of T cell activation  

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

 

 
 

Table 2 : Biological intervention for rheumatologic diseases approved in India(125) 
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ROLE OF SCREENING FOR LTBI IN RHEUMATOLOGIC DISEASES – INDIAN  

 

RHEUMATOLOGY ASSOCIATION RECOMMENDATION: 
 

 
 

 

Reactivation of latent tuberculosis into active illness is now becoming an increasing concern to 

public health due to the widespread use of biologic drugs for the treatment of rheumatologic diseases, 

such as anti-TNF therapy and steroids (126). The Indian Rheumatology Association has put up 

recommendations regarding possible side effects of anti-TNF medication, including tuberculosis 

testing prior to the initiation of the treatment (126–128). The patient should be screened for 

tuberculosis with a thorough history of any prior TB, anti-tuberculosis therapy received, if any, and 

adherence to the therapy, according to the guideline. It also says that a comprehensive physical exam 

and a chest x-ray should be added to it. To the right patients, prophylaxis may be administered along 

with a TST and QFT. Prior to initiating anti-TNF therapy, active TB must get appropriate treatment 

for a minimum of nine months. Anti-TB prophylaxis should be provided to all individuals with a 

positive TST and a history of tuberculosis. When a patient on anti-TNF therapy exhibits symptoms 

suggestive of tuberculosis, anti-TNF therapy should be stopped and complete anti-TB chemotherapy 

administered. All patients starting anti-TNF medicines need to have their TB levels routinely 

checked. Given that infliximab has a protracted elimination phase during treatment, this must 

continue for six months after the biological agent is stopped. 
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DIAGNOSTIC METHODS FOR LATENT TUBERCULOSIS INFECTION: 

 

The diagnosis of latent tuberculosis infection cannot be made with a gold standard test. The 

available tests include delayed type hypersensitivity reactions to a complex mixture of 

Mycobacterium tuberculosis antigen known as the PPD(purified protein derivative) and measures of 

immune response to exposure to Mycobacterium tuberculosis antigen .Two techniques are now 

accepted for LTBI evaluation. TST (tuberculin skin testing) and IGRA are them (interferon gamma 

release assays). 

 
 

TUBERCULIN SKIN TEST: 

 

The Mantoux test, also known as the Pirquet test or PPD test for Purified Protein Derivative,  

 

is named after Charles Mantoux, a French physician who developed his test in 1907. Robert Koch initially  
 

reported the tuberculin skin test in 1890. (129). The bacillus's glycerol extract, tuberculin, 

 

 is what is used to make PPD, which was first launched in 1934. Seibert and Glenn created the 
 

 PPD-S in 1939, and it is now used as the benchmark worldwide. The test from the 19th 

 

 century that is still extensively used as a crucial test for identifying latent tuberculosis infection 

 

 is tuberculin skin testing. Despite being widely utilised by doctors around the world, its interpretation is still  
 

challenging and controversial. Age, immunological condition, co-existing illnesses, and other factors all affect 
 

its results and, consequently, 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. Theselymphokines 

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. 

 

Five tuberculin units (TU) (0.1ml), the normal dose, are injected intradermally and detected 48–72 

hours later. The most common tuberculin available in India is PPD RT 23, which is supplied by the 

Guindy, Chennai-based BCG vaccination laboratory in tween 80 strength of 1 and 2 TU. A detergent 

called Tween 80 is added to the tuberculin to stop it from adhering to glass or plastic surfaces. An 

immune response in the skin that contains the bacterial protein is anticipated when a person has been 

exposed to TB. 5 TU of tuberculin PPD RT 23 is almost always used across the board for the purpose 

of standardising reading and interpretation of the results. After administration, the Mantoux should be 

read 48 to 72 hours later. The diameter of the induration should be measured transverse to the long axis 

of the forearm and documented in millimetres for the sake of standardisation. There have been isolated 

cases of anaphylaxis and foreign body reaction at the Mantoux test site. Only a very small percentage of 

people, especially those who have had the BCG vaccine and tuberculosis, run the risk of experiencing a 

severe reaction to the test, including arm swelling and redness. Rarely do allergic reactions occur. 
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Live Bacteria are not 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 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 willneed 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 skintesting 

six to eight weeks after exposure to bacilli. 
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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 

 

 
 Infants under 12 weeks old. A positive reaction is important, but a negative response may 

indicate that the child is too young to mount a reaction, and the test is 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. 
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RECENT ADVANCES IN MANTOUX TEST: 
 
 

The Mantoux test is technically challenging to administer and interpret, therefore if the tester is 

inexperienced, false readings may happen. 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 singlepatient 

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

An innovative TB diagnostic test (QuantiFERON-TB GOLD, produced by Cellestis, Inc.) has been 

given FDA approval. By measuring interferon-gamma (IFN-G) extracted from plasma from whole 

blood incubated with the M. tuberculosis-specific antigens, ESAT-6(QFT-RD1) and CFP-10, the 

blood test determines the presence of Mycobacterium tuberculosis (TB) infection. This new 

immunodiagnostic test has been introduced to help with the LTBI diagnosis. ESAT-6 and CFP10 

together were discovered to be extremely sensitive and selective for both in vivo and in vitro 

diagnosis. In comparison to PPD (7%), the combination demonstrated a substantially greater 

specificity (93%) and high sensitivity (73%) in people. Particularly in patients with negative 

microscopy and culture results, the QFT-RD1 test is sensitive for the diagnosis of TB. Despite the fact 

that antigens like ESAT-6 and CFP10 are not unique to M. tuberculosis, they nonetheless show 

promise for the precise identification of M. tuberculosis infection and may be a very helpful 

supplemental tool for the diagnosis of TB. 
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MANTOUX CONVERSION : 
 
 

Conversion is the emergence of new or intensified hypersensitivity as a result of infection with 

tuberculous or non-tuberculous mycobacteria, including BCG vaccination. Boosting is the 

recall of the hypersensitive response in the absence of new infection. 

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

meets either of the following criteria: 

 a change from a negative to a positive reaction 

 

 an increase of ≥ 10 mm. 

 
 Conversion has been linked to an annual TB illness incidence of 6% in contacts of smear- 

positive individuals or 4% in adolescents. 

The amount of time needed for the immunological changes that result in Mantoux conversion 

after infection is up for discussion. Children experienced positive response between three and 

seven weeks after inadvertently immunising against M. tuberculosis (the Lubeck disaster). 

Other investigations have found clinical disease with a positive tuberculin test 19–57 days 

 
(with a mean of 37 days) after exposure. Therefore, when testing TB contacts for conversion, 

 
the second tuberculin test is done eight weeks after the date of last contact with the source case. (In 

the past, the traditional windowperiod, or interval, of 12 weeks was used.) 
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The [Center for Disease control] published guidelines for using the QuantiFERON test in 

December 2005. QuantiFERON-role TB's in the diagnosis of LTBI is currently unclear. In the 

future, it might be conceivable to use this or another in vitro assay in place of the skin test. 

 

 

 

 

IGRA – INTERFERON GAMMA RELEASE ASSAY: 
 
 

Latent tuberculosis infection can be diagnosed using interferon-gamma release assays (IGRAs) 

(LTBI). They are cellular immune responses to Mycobacterium tuberculosis and serve as proxy 

markers of Mycobacterium tuberculosis infection. Latent infection and active tuberculosis (TB) 

disease are indistinguishable by IGRAs. When BCG vaccine is given beyond infancy or when 

numerous (booster) BCG vaccinations are given, IGRAs are particularly helpful for evaluating LTBI 

in BCG-vaccinated persons. When stimulated with M. tuberculosis-derived antigens, white blood cells 

in most M. tuberculosis-infected patients release interferon-gamma. A blood sample is incubated with 

antigens and controls to conduct an IGRA test. Different IGRA tests use different antigens, testing 

procedures, and interpretation standards. Mycobacterium marinum and Mycobacterium kansasii, two 

NTM that infect humans, have gene sequences that encode for ESAT-6 or CFP-10, the antigens 

employed in the new IGRAs. In IGRAs using these antigens, infection with either of these NTM has 

been demonstrated to result in good outcomes. Results from an IGRA can be obtained in 24 to 48 

hours. 
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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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TREATMENT FOR LATENT TUBERCULOSIS: 

 

The following 15 risk groups have evidence of increased prevalence of LTBI, risk of progression 

from LTBI to active TB disease, and increased incidence of active tuberculosis, according to data 

from three very well-conducted systematic reviews that sought to identify the at-risk population 

groups that would be prioritised for latent tuberculosis infection testing and treatment among 24 pre- 

defined population 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) treatment 

 

(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 shouldbe the preferred approach toward the management 

of latent tuberculosis infection? 

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

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 infectionmanagement. 

Source: Adapted from WHO, Geneva(138). 

DocuSign Envelope ID: 3B0A43C5-4390-4455-A5D9-974AF60F2562



DocuSign Envelope ID: 82E700FF-6896-424F-A960-A375E95A2257 

56 

 

 

 
 

 

TREATMENT OPTIONS AVAILABLE FOR LTBI: 
 
 

The three drugs isoniazid (INH), rifapentine (RPT), or rifampin are used in the four treatment 

plans for latent TB infection (LTBI) (RIF). All treatment plans have been found to be efficient. 

Healthcare professionals are urged to prescribe shorter, more convenient regimens whenever 

possible because patients are more likely to comply with and complete these shorter treatment 

plans (139).  

Drug Dose per Kg body Maximum 

Regimen weight Dose 

Isoniazid alone, daily 

for 6 or 9 months 
Adults, 5 mg 

Children, 10 mg 

300 mg 

 (range, 7–15 mg)  

Daily rifampicin Adults, 10 mg 600 mg 

alone for 3–4 

months 
Children, 15 mg 

(range, 10–20 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. 

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 
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EFFECT OF STEROIDS ON MANTOUX AND QUANTIFERON TEST: 

 

The question of whether the use of steroids and biologics affects the sensitivity and specificity of the 

tests that are now used to detect latent tuberculosis infection is one that has been the subject of 

numerous research that have been published in the literature. The answer to this query is YES, 

steroid use decreases TST and IGRA accuracy. According to S Agarwal et alprospective .'s cross- 

sectional study of 300 patients with rheumatoid arthritis and irritable bowel syndrome who were 

receiving steroid treatment and had biological agent therapy planned from Lucknow, India, treatment 

with steroids specifically for those who were receiving steroid doses greater than 20 mg and within 

the previous three months had significantly decreased TST positivity (140). Steroids, they found, 

lessen the frequency of TST positive in LTBI. Another prospective multicenter study from 

Copenhagen University, Denmark, by Belard et al. found that methotrexate, long-acting steroids, and 

azathioprine did not have the same negative effects on QFT and TST performance as oral steroids 

(141). The makers of commercial IGRA assert that it has higher sensitivity than TST in this case of 

steroid exposure by mentioning internal negative and positive controls that raise the test's sensitivity 

(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 1987 American College of Rheumatology (ACR) criteria were used to make a RA 

diagnosis. These criteria were based on how long arthritic symptoms persisted, but this system of 

classification missed people with early inflammatory arthritis. It is now generally acknowledged that 

early therapeutic intervention dramatically enhances clinical outcomes and lessens disability and 

irreparable joint damage. With this in mind, the ACR and the EULAR developed and proposed new 

classification criteria for early rheumatoid arthritis, which evaluate joint involvement, autoantibody 

status, acute-phase response, and symptom duration. They also updated 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 

Table 5: The ACR/EULAR classification criteria for RA 
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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 

 
III. DMARDS – Disease modifying anti-rheumatic drugs 

 

IV. Biological therapy. 

 

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

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

I. Synovectomy 

 

II. Tendon repair 

 

III. Joint fusion 

 

IV. Total joint replacement. 
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METHODOLOGY: 
 

 

 

 

Inclusion Criteria: 

 

 

 Patients with Rheumatoid Arthritis who were not receiving Disease Modifying Antirheumatic Drug or anti- 

TNF-α agents 

 Willing to give written consent 

 

 

 

 

 
Exclusion criteria: 

 
 

 Patients with diseases associated with nonspecific immunosuppression 

 Patients who had received immunosuppressive treatment 

 Active tuberculosis, known hypersensitivity to purified protein derivative (PPD) and positive serology for 

HIV 

 Not willing to give written consent 
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METHOD: 
 

 

 

 

The patients were recruited from the Orthopedics 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 alsoobtained 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 detectedthe treating physician 

and concerned unit will be intimated and appropriate treatment will be initiated. Enrolled patients 

were tested for latent tuberculosis infection withQuantiFERON 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 Gneedle 

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. 

 
TST RESULTS- 

≥ 5 mm for RA patients. 

≥ 10 mm for controls with clinical suspicion. 

≥ 15 mm for control without clinical suspicion. 
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QuantiFERON GOLD (QFT):  

 

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

 

 
 

How QFT was done – 

 
 

1 ml of blood sample will be drawn into each of 3 blood collection tubes: one containing heparin alone 

(as negative control), the second containing the T cell mitogen phytohemagglutinin (PHA; as a positive 

control), and the third with peptides of ESAT-6, CFP-10 and TB 7.7 (TB antigens) dried on the inside 

of the tube. After mixing, the tubes will be incubated upright for 20 h at 37°C before plasma to be 

harvested for further analysis. The concentration of IFN-γ present in each plasma sample to be 

determined using the QFT ELISA. IFN-γ release in the saline control tube (Nil) will be subtracted 

from the TB antigen and PHA-stimulated samples. Samples with ≥ 0.35 IU/ml IFN-γ following 

stimulation with M. tuberculosis-specific antigens will be considered positive, while samples 

< 0.35 IU/ml will be considered negative. 

 

The QFT test result will be considered indeterminate if the concentration of IFN-γ will be <0.35 IU/ml 

for TB antigens and < 0.5 IU/ml for the positive control. 

 

 

 
Harvesting plasma 

 

1 ml of fresh whole blood in NTP culture tubes 

↓ 

Incubate for 22 +/- 2 hrs at 37* C 

↓ 

Harvest the plasma and perform IFN-Gamma assay 
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IFN GAMMA ASSAY 

Add 20 ul sample dilutiom buffer and add 50 ul sample/standard 

↓ 

Incubate 60 min 

↓ 

Add 50ul HRP- Conjugate 

↓ 

Incubate- 60min 

↓ 

Wash 5 times 

↓ 

50ul A and 50 ul B substrate 

↓ 

Incubate 15 minutes 

↓ 

50ul stop solution 

↓ 

Read the absorbance 450nm Or 450/600-650nm. 

 

 

 

 

 

 

 
IGRA RESULTS-  

Read the absorbance 450nm 

< 0.35 IU/ml will be negative 

≥ 0.35 IU/ml result positive. 

Result will be indeterminate-if 

<0.35 IU/ml for TB antigens. 
 

<5 IU/ml for positive control. 
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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 

orthopedic in BLDE (DEEMED TO BE UNIVERSITY) Shri BM.Patil medical 

college, Hospital and Research Centre, Vijayapura. The study was conducted 

over a period from May 2020 to June 2022, with duration of the study being 18 

months. 

b. A total of 33 (9 males and 24 females) patients from outpatient 

 

Department of Orthopedics in B.L.D.E. (DEEMED TO BE UNIVERSITY) 

Shri B.M.Patil’s Medical College, Hospital and Research Centre, 

Vijayapura. with with diagnosis of Rheumatoid Arthritis and willing to 

participate in this study, were included in this study. 

 

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

about the study purpose and his/her contribution to the futuregeneration. 

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: 
 
 

With anticipated overall prevalence of LTBI 13% the study was require a sample size of 

834 patients with 99% level of confidence and 3% absolute precision. 

Of which proportion of Rheumatoid Arthritis was 4%. Hence 4% of 834= 33 patients. 

Formula used: 

n=z2 p*q 
 

d2 

 
Where Z= Z statistic at α level of significance 

d2= Absolute error 

P= Proportion rate 

q= 100-p 
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Statistical analysis:  
 

 

Data was entered into Microsoft excel data sheet and was analyzed using SPSS 22 

version software. Categorical data was represented in the form of Frequencies and 

proportions. Chi-square test was used as test of significance for qualitative data. 

Continuous data was represented as mean and standard deviation. Normality of the 

continuous data, was tested by Kolmogorov–Smirnov test and the Shapiro–Wilk test. 

Graphical representation of data: MS Excel and MS word were used to obtain various 

types of graphs such as bar diagram, Pie diagram. p value (Probability that the result 

is true) of <0.05 was considered as statistically significant after assuming all the rules 

of statistical tests. 
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Results: 
 

Table 6: Age distribution of subjects 

 
 Count % 

 

 

Age 

<40 years 6 18.2% 

41 to 50 years 14 42.4% 

51 to 60 years 8 24.2% 

>60 years 5 15.2% 

Total 33 100.0% 

 
 

Mean age of subjects was 47.55 ± 11.116 years. Majority of subjects were in the age group 41 to 50 years (42.4%). 
 

 

Age distribution 
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Figure 1: Bar diagram showing Age distribution of subjects 
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Table 7: Sex distribution of subjects 

 
 Count % 

 
Sex 

Female 24 72.7% 

Male 9 27.3% 

Total 33 100.0% 

In the study majority of subjects were females, 72.7% and 27.3% were males. 
 

 
 

Sex distribution 
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Figure 2: Pie diagram showing Sex distribution 
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Table 8: Anthropometry measurements distribution 

 
 Height (Cm) Weight (Kg) BMI 

N 33 33 33 

Mean 159.18 63.52 24.98 

SD 8.107 13.730 4.71 

Mean height of subjects was 159.18 ± 8.107 cms, mean weight was 63.52 ± 13.73 kgs and mean BMI was 24.98 ± 4.71. 
 

 

Anthropometry measurements distribution 
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Figure 3: Bar diagram showing Anthropometry measurements distribution 
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Table 9: BMI distribution 

 
  Count % 

 

 

BMI 

<18.5 Underweight 1 3.0% 

18.5 to 24.9 Normal 18 54.5% 

25 to 29.9 Overweight 10 30.3% 

>30 Obese 4 12.1% 

Total  33 100.0% 

In the study, 3% were underweight, 54.5% had normal BMI, 30.3% were overweight and 12.1% were obese. 
 

 

BMI distribution 
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Figure 4: Bar diagram showing BMI distribution 
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Table10: Diagnosis of Rheumatoid arthritis 

 
 Count % 

 

RA Factor 
Negative 6 18.2% 

Positive 27 81.8% 

 

Anti CCP 
Not done 27 81.8% 

Positive 6 18.2% 

In the study 81.8% were positive for RA factor and 18.2% were negative for RA factor. 

Among 6 subjects with negative RA factor, all of them were positive for Anti CCP. 

 
 

Diagnosis of Rheumatoid arthritis 
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Figure 5: Bar diagram showing Diagnosis of Rheumatoid arthritis 
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Table 11: QFT Results distribution 

 
 Count % 

 
QFT Results 

Positive 17 51.5% 

Negative 16 48.5% 

Total 33 100.0% 

In the study proportion of Latent TB based on QFT Results was 51.5%. 
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Figure 6: Pie diagram showing QFT Results distribution 
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Table 12:QFT and TST results 

 
 Count % 

 

 

 
 

QFT and TST 

Both QFT and TST Positive 16 48.5% 

TST Positive 13 39.4% 

QFT Positive 1 3.0% 

Both QFT and TST Negative 3 9.1% 

Total 33 100.0% 
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Figure 7: Bar diagram showing QFT and TST results 
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Table 13: Association of socio demographic profile with respect to QFT results 

 
 QFT Results  

P value Positive Negative 

Count % Count % 

 

 
Age 

<40 years 1 16.7% 5 83.3%  

 
0.054 

41 to 50 years 7 50.0% 7 50.0% 

51 to 60 years 4 50.0% 4 50.0% 

>60 years 5 100.0% 0 0.0% 

 

Sex 
Female 13 54.2% 11 45.8%  

0.619 
Male 4 44.4% 5 55.6% 

 

 
BMI 

<18.5 0 0.0% 1 100.0%  

 
0.755 

18.5 to 24.9 10 55.6% 8 44.4% 

25 to 29.9 5 50.0% 5 50.0% 

>30 2 50.0% 2 50.0% 

 

 
In the study none of the factors such as age, sex and BMI were associated with Latent Tuberculosis among Rheumatoid 

arthritis subjects. 

Among subjects aged <40 years, 16.7% had LTB, among subjects in the age group 41 to 50 years, 50% had LTB, among 

subjects in the age group 51 to 60 years, 50% had LTB and among subjects in the age group >60 years, 100% had LTB. 

Among females, 54.2% were positive for QFT and among males, 44.4% were positive for QFT. 

Among Subjects with underweight, 0% were QFT Positive, subjects with normal BMI, 55.6% were positive for QFT, among 

overweight subjects, 50% were positive for QFT and among obese subjects, 50% were positive for QFT. 
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Table 14: History of TB and its characteristics 

 
 Yes No 

Count Row N % Count Row N % 

Exposure to TB 3 9.1% 30 90.9% 

ATT Exposure 1 3.0% 32 97.0% 

Biological Exposure 0 0.0% 33 100.0% 

Symptoms of TB 1 3.0% 32 97.0% 

Chest X ray 1 3.0% 32 97.0% 

AFB Staining 1 3.0% 32 97.0% 

Smoking 5 15.2% 28 84.8% 

In the study 9.1% were Exposed to TB, 3% were given ATT, 0% had Biological Exposure, 3% had Symptoms of TB, 

chest X ray findings respectively, 3% were positive in AFB staining and 15.2% were smokers. 
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Figure 8: Bar diagram showing History of TB and its characteristics 
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Table 15: TST and duration from diagnosis distribution 

 
 Mean SD Median 

TST (mm) 9.52 3.25 9.00 

Duration from Diagnosis (Months) 42.24 24.91 36.00 

In the study mean TST was 9.52 ± 3.25 mm and mean Duration from Diagnosis was 42.24 ± 24.91 months. 
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Figure 9: Bar diagram showing TST and duration from diagnosis distribution 
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Table 16: Steroids Usage among subjects 

 
 Count % 

 
Steroids Usage 

Yes 20 60.6% 

No 13 39.4% 

Total 33 100.0% 

 
 

In the study 60.6% were using Steroids. 
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Figure 10: Pie diagram showing Steroids Usage among subjects 
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Table 17: Steroids dosage among subjects 

 
 Mean SD Median 

Last Steroid Dose Received (Mg) 3.88 4.05 3.00 

Maximum Steroid Dose (Mg) 5.91 6.24 6.00 

Duration of Steroid Use (Months) 5.67 6.52 4.00 

 

In the study mean of last Steroid Dose Received was 3.88 ± 4.05 mg, mean Maximum Steroid Dose was 5.91 ± 6.24 mg 
And mean Duration of Steroid Use was 5.67± 6.52 months. 
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Figure 11: Bar diagram showing Steroids dosage among subjects 
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Table 18: Association between QFT results and steroids usage 

 
 Steroids Usage 

Yes No 

Count Row N % Count Row N % 

 

QFT Results 
Positive 13 76.5% 4 23.5% 

Negative 7 43.8% 9 56.2% 

χ 2 =3.696, df =1, p =0.055 [Chi-square test] 

 

In the study among subjects 17 with LTB, 76.5% were using steroids and 23.5% were not using steroids. Among 16 
subjects who were negative for LTB, 43.8% were using steroids usage and 56.2% not using steroids. There 

was no significant association between Steroids Usage and QFT results. 
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Figure 12: Bar diagram showing Association between QFT results and steroids usage 
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Table 19: Conversion of latent TB to Fulminant TB among steroids users in subjects with QFT Positive results 

 
 Steroids Usage 

Yes No 

Count % Count % 

 

Conversion to Fulminant TB 
No 12 92.3% 4 100.0% 

Yes 1 7.7% 0 0.0% 

a. QFT Results = Positive 

χ 2 =0.3269, df =1, p =0.567[Chi-square test] 

 
 

In the study among 17 QFT positive subjects, 13 subjects who were using steroids, 7.7% converted to Fulminant TB 

and 92.3% did not convert to Fulminant TB. Among 4 subjects who were not using Steroids, 0% converted to 

Fulminant. There was no significant association between Steroid use and conversion to Fulminant TB. 
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Figure 13: Bar diagram showing Conversion of latent TB to Fulminant TB among steroids users in subjects with QFT 
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DISCUSSION. 

 

 
 

Most people who are infected by mycobacterium tuberculosis have no sign or symptoms of disease and 

according to World Health Organization about 2 to 3 billion people worldwide are infected by 

Mycobacterium tuberculosis, 5 to 15% of the infected population progress from LTBI to symptomatic 

disease during their life time. The reactivation of LTBI is responsible for a larger population of active 

tuberculosis which makes diagnosis and treatment crucial especially in high risk groups(134), 

one of the High risk group being RA. 

 

The correlation between patients with rheumatoid arthritis and latent tuberculosis was well documented by a 

cohort study conducted by Mehta et al(143). 

Moreover, TB screening before starting DMARDs reduces the incidence of reactivation of latent TB infection 

by up to 85% (144,145) 

The objective of our study is to find the proportion of latent tuberculosis infection in patients diagnosed with 

Rheumatoid Arthritis, by using Interferon Gamma Release Assay (IGRA) and Tuberculin Sensitivity Test 

(TST). 

In our study we have considered TST and IGRA for diagnosing LTBI. 

 

TST has a number of drawbacks; it necessitates two visits to a healthcare facility and is prone to have human 

errors as one tries to interprets the results. Additionally, it might be affected by a prior BCG vaccination and 

the immunological condition of the test subject. Due to the immune-mediated pathophysiology of RA or the 

immunomodulators employed in its treatment, its sensitivity may be reduced in RA patients. Also cross- 

reactivity with non tuberculous mycobacterial infection could affect its specificity. (146,147) 

TST and IGRAs have been compared in numerous studies. Because of the higher sensitivity and lack of the 

confounding effect of preceding BCG vaccination, some have concluded that IGRAs are more beneficial than 

TSTs [64]. 
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In the present study, the diagnosis and treatment of LTBI relied on the QFT assay rather than the 

TST, though TST was performed. 

Also, in a study done by Malaviya et al inferred that among the 730 patients (265 rheumatoid arthritis, 400 

axial spondyloarthritis ,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). 

In our study, we found that the proportion of latent TB based on QFT Results was 51.5% and with TST 

results was 39.4%. 

On either test being positive, the patient was treated with antimicrobial agents according to the protocol 

for LTBI treatment. There after DMARDs can be initiated when the treating clinician deems appropriate. 

If both tests return negative, DMARDs can be initiated with repeat test performed yearly during follow- 

up appointments. 

 
 

The second objective was to find the risk of latent tuberculosis converting into fulminant tuberculosis by 

the use of steroids for the treatment of RA. 

According to the World Health Organization , 5 to 15% of the infected population progress from LTBI to 

symptomatic disease during their life time.(134) 

follow-up period, one patient who was tested QFT positive i;e 7.7% converted to Fulminant TB, developed 

into active TB in months after initiation of steroids from the previous hospital prescriptions also was tested 

sputum positive with changes in the chest xray. 

The patient was put on Mtb regimen by the pulmonologist. 

 

The prophylaxis of LTBI plays an important role in the prevention and treatment of TB. IGRAs and the 
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TST are both used to screen for LTBI, and although some studies in low-TB-prevalence areas reported a 

higher specificity with IGRAs than with the TST, neither method had a satisfying predictive value for 

active TB. In the future, a screening method with a better predictive value should be explored. High-risk 

factors (HIV/AIDs, transplantation, silicosis, TNF-a blockers, close contacts, kidney dialysis) contribute to 

a significantly increased TB reactivation rate, and for countries with a low TB prevalence, patients with 

high-risk factors should undergo screening and treatment for LTBI. 

Therefore, screening for LTBI is strongly recommended in patients with rheumatic diseases, especially 

before starting treatment with anti-Tumor Necrosis Factor. 
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Limitations: 
 

 

 

 

 

 

 

Our research was not without shortcomings. The details about the duration and dosage of the 

steroid used, or any other exposure to biological disease-modifying treatments received, were 

not entirely reliable and substantiated. We obtained information about the steroid dose used for 

treating the primary disease from patients and cross-checked it with the data available in our 

institution's records. As the data was primarily collected from the subjects and reliable cross- 

checking of the treatment provided from other medical facilities prior to attending our hospital 

was not possible, there may be some recall bias. 
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Conclusion. 
 

 

 

 

 
 

Our findings leads us to the conclusion that the proportion of risk population of latent TB 

with rheumatologic diseases like rheumatoid arthritis is 51.5% and 7.7% converted to 

Fulminant TB. In the absence of a gold standard test to diagnose latent tuberculosis 

infection we would recommend testing by tuberculin skin test and IGRA to avoid not 

diagnosing LTBI which have potential to reactivate to activeTB disease in people with 

altered immune status like our study population. 

DocuSign Envelope ID: 3B0A43C5-4390-4455-A5D9-974AF60F2562



DocuSign Envelope ID: 82E700FF-6896-424F-A960-A375E95A2257 

88 

 

 

 

 

Bibliography 
 
 

1. Home :: Central TB Division [Internet]. [cited 2018 Jan 1]. Available from: 

https://tbcindia.gov.in/?lid=3180 
 

2. TB Statistics India | National, treatment outcome & state statistics [Internet]. TB Facts.org. [cited 2018 

Jan 20]. Available from: https://www.tbfacts.org/tb-statistics-india/ 
 

3. Salgame P, Geadas C, Collins L, Jones-López E, Ellner JJ. Latent tuberculosis infection – Revisiting and 

revising concepts. Tuberculosis. 2015 Jul 1;95(4):373–84. 
 

4. Ai J-W, Ruan Q-L, Liu Q-H, Zhang W-H. Updates on the risk factors for latent tuberculosis reactivation 
and their managements. Emerg Microbes Infect. 2016 Feb;5(2):e10. 

 

5. Ahmad S. Pathogenesis, Immunology, and Diagnosis of Latent Mycobacterium tuberculosis Infection. 

Clin Dev Immunol [Internet]. 2011 [cited 2017 Nov 19];2011. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3017943/ 
 

6. Yonekura CL, Oliveira RDR, Titton DC, Ranza R, Ranzolin A, Hayata AL, et al. Incidence of 
tuberculosis among patients with rheumatoid arthritis using TNF blockers in Brazil: data from the 

Brazilian Registry of Biological Therapies in Rheumatic Diseases (Registro Brasileiro de Monitoração de 

Terapias Biológicas – BiobadaBrasil). Rev Bras Reumatol Engl Ed. 2017 Jan 1;57(Supplement 2):477– 

83. 
 

7. Rangaka MX, Cavalcante SC, Marais BJ, Thim S, Martinson NA, Swaminathan S, et al. Controlling the 
seedbeds of tuberculosis: diagnosis and treatment of tuberculosis infection. The Lancet. 2015 Dec 

5;386(10010):2344–53. 
 

8. He D, Bai F, Zhang S, Jiang T, Shen J, Zhu Q, et al. High Incidence of Tuberculosis Infection in 

Rheumatic Diseases and Impact for Chemoprophylactic Prevention of Tuberculosis Activation during 
Biologics Therapy. Clin Vaccine Immunol CVI. 2013 Jun;20(6):842–7. 

 

9. Adam Cohen, Victor Dahl Mathiasen, Thomas Schön, Christian Wejse European Respiratory 
Journal 2019 54: 1900655. 

 

10. Jilani TN, Avula A, Zafar Gondal A, Siddiqui AH. Active Tuberculosis. In: StatPearls [Internet]. 

Treasure Island (FL): StatPearls Publishing; 2019 [cited 2019 Sep 29]. Available from: 

http://www.ncbi.nlm.nih.gov/books/NBK513246/ 
 

11. gtbr2017_main_text.pdf [Internet]. [cited 2019 Sep 29]. Available from: 
https://www.who.int/tb/publications/global_report/gtbr2017_main_text.pdf?u%20a=1 

 

12. WHO_TB_report_without_annexes_2009.pdf [Internet]. [cited 2019 Sep 30]. Available from: 

https://www.ghdonline.org/uploads/WHO_TB_report_without_annexes_2009.pdf 
 

13. Rangaka MX, Cavalcante SC, Marais BJ, Thim S, Martinson NA, Swaminathan S, et al. Controlling the 
seedbeds of tuberculosis: diagnosis and treatment of tuberculosis infection. The Lancet. 2015 Dec 

5;386(10010):2344–53. 
 

14. Barry CE, Boshoff HI, Dartois V, Dick T, Ehrt S, Flynn J, et al. The spectrum of latent tuberculosis: 

rethinking the biology and intervention strategies. Nat Rev Microbiol. 2009;7(12):845–855. 
 

15. Druszczyńska M, Kulbat MK, Fol M, Włodarczyk M, Rudnicka W. Latent M. tuberculosis Infection – 
Pathogenesis, Diagnosis, Treatment and Prevention Strategies. :8. 

 

16. WHO | Guidelines on the management of latent tuberculosis infection [Internet]. WHO. [cited 2019 Sep 
29]. Available from: http://www.who.int/tb/publications/latent-tuberculosis-infection/en/ 

DocuSign Envelope ID: 3B0A43C5-4390-4455-A5D9-974AF60F2562

http://www.tbfacts.org/tb-statistics-india/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3017943/
http://www.ncbi.nlm.nih.gov/books/NBK513246/
http://www.who.int/tb/publications/global_report/gtbr2017_main_text.pdf?u%20a=1
http://www.ghdonline.org/uploads/WHO_TB_report_without_annexes_2009.pdf
http://www.who.int/tb/publications/latent-tuberculosis-infection/en/


DocuSign Envelope ID: 82E700FF-6896-424F-A960-A375E95A2257 

89 

 

 

 
 

 

17. Houben RMGJ, Dodd PJ. The Global Burden of Latent Tuberculosis Infection: A Re-estimation Using 
Mathematical Modelling. PLoS Med. 2016 Oct;13(10):e1002152. 

 

18. Comstock GW, Livesay VT, Woolpert SF. The prognosis of a positive tuberculin reaction in childhood 

and adolescence. Am J Epidemiol. 1974 Feb;99(2):131–8. 
 

19. Shea KM, Kammerer JS, Winston CA, Navin TR, Horsburgh CR. Estimated rate of reactivation of latent 
tuberculosis infection in the United States, overall and by population subgroup. Am J Epidemiol. 2014 

Jan 15;179(2):216–25. 
 

20. Getahun H, Matteelli A, Chaisson RE, Raviglione M. Latent Mycobacterium tuberculosis infection. N 

Engl J Med. 2015 May 28;372(22):2127–35. 
 

21. Selwyn PA, Hartel D, Lewis VA, Schoenbaum EE, Vermund SH, Klein RS, et al. A prospective study of 

the risk of tuberculosis among intravenous drug users with human immunodeficiency virus infection. N 
Engl J Med. 1989 Mar 2;320(9):545–50. 

 

22. Lawn SD, Churchyard G. Epidemiology of HIV-associated tuberculosis. Curr Opin HIV AIDS. 2009 
Jul;4(4):325–33. 

 

23. Moore D, Liechty C, Ekwaru P, Were W, Mwima G, Solberg P, et al. Prevalence, incidence and 

mortality associated with tuberculosis in HIV-infected patients initiating antiretroviral therapy in rural 
Uganda. AIDS Lond Engl. 2007 Mar 30;21(6):713–9. 

 

24. Canada PHA of. Canadian Tuberculosis Standards 7th Edition: 2014 [Internet]. aem. 2014 [cited 2019 

Sep 29]. Available from: https://www.canada.ca/en/public-health/services/infectious-diseases/canadian- 
tuberculosis-standards-7th-edition.html 

 

25. Cantini F, Nannini C, Niccoli L, Iannone F, Delogu G, Garlaschi G, et al. Guidance for the management 

of patients with latent tuberculosis infection requiring biologic therapy in rheumatology and dermatology 

clinical practice. Autoimmun Rev. 2015 Jun;14(6):503–9. 
 

26. Christopoulos AI, Diamantopoulos AA, Dimopoulos PA, Goumenos DS, Barbalias GA. Risk factors for 

tuberculosis in dialysis patients: a prospective multi-center clinical trial. BMC Nephrol. 2009 Nov 
7;10:36. 

 

27. Sidhu A, Verma G, Humar A, Kumar D. Outcome of latent tuberculosis infection in solid organ 

transplant recipients over a 10-year period. Transplantation. 2014 Sep 27;98(6):671–5. 
 

28. Rees D, Murray J. Silica, silicosis and tuberculosis. Int J Tuberc Lung Dis Off J Int Union Tuberc Lung 

Dis. 2007 May;11(5):474–84. 
 

29. Jick SS, Lieberman ES, Rahman MU, Choi HK. Glucocorticoid use, other associated factors, and the risk 

of tuberculosis. Arthritis Rheum. 2006 Feb 15;55(1):19–26. 
 

30. Keane J, Bresnihan B. Tuberculosis reactivation during immunosuppressive therapy in rheumatic 

diseases: diagnostic and therapeutic strategies. Curr Opin Rheumatol. 2008 Jul;20(4):443–9. 
 

31. Jeon CY, Murray MB. Diabetes mellitus increases the risk of active tuberculosis: a systematic review of 

13 observational studies. PLoS Med. 2008 Jul 15;5(7):e152. 
 

32. Lönnroth K, Williams BG, Cegielski P, Dye C. A consistent log-linear relationship between tuberculosis 
incidence and body mass index. Int J Epidemiol. 2010 Feb;39(1):149–55. 

 

33. Ducati RG, Ruffino-Netto A, Basso LA, Santos DS. The resumption of consumption: a review on 
tuberculosis. Mem Inst Oswaldo Cruz. 2006 Nov;101(7):697–714. 

 

34. Stein CM, Zalwango S, Malone LL, Won S, Mayanja-Kizza H, Mugerwa RD, et al. Genome Scan of M. 

DocuSign Envelope ID: 3B0A43C5-4390-4455-A5D9-974AF60F2562

http://www.canada.ca/en/public-health/services/infectious-diseases/canadian-


DocuSign Envelope ID: 82E700FF-6896-424F-A960-A375E95A2257 

90 

 

 

 
 

 

tuberculosis Infection and Disease in Ugandans. PLOS ONE. 2008 Dec 31;3(12):e4094. 
 

35. Lazarevic V, Nolt D, Flynn JL. Long-Term Control of Mycobacterium tuberculosis Infection Is Mediated 

by Dynamic Immune Responses. J Immunol. 2005 Jul 15;175(2):1107–17. 
 

36. Co DO, Hogan LH, Kim S-I, Sandor M. Mycobacterial granulomas: keys to a long-lasting host-pathogen 

relationship. Clin Immunol Orlando Fla. 2004 Nov;113(2):130–6. 
 

37. Lin PL, Flynn JL. Understanding Latent Tuberculosis: A Moving Target. J Immunol. 2010 Jul 

1;185(1):15–22. 
 

38. Flynn JL, Goldstein MM, Chan J, Triebold KJ, Pfeffer K, Lowenstein CJ, et al. Tumor necrosis factor- 
alpha is required in the protective immune response against Mycobacterium tuberculosis in mice. 

Immunity. 1995 Jun;2(6):561–72. 
 

39. Peyron P, Vaubourgeix J, Poquet Y, Levillain F, Botanch C, Bardou F, et al. Foamy macrophages from 

tuberculous patients’ granulomas constitute a nutrient-rich reservoir for M. tuberculosis persistence. 
PLoS Pathog. 2008 Nov;4(11):e1000204. 

 

40. Bhatt K, Salgame P. Host innate immune response to Mycobacterium tuberculosis. J Clin Immunol. 2007 

Jul;27(4):347–62. 
 

41. Harding JS, Schreiber HA, Sandor M. Granuloma transplantation: an approach to study mycobacterium- 
host interactions. Front Microbiol. 2011;2:245. 

 

42. Guidry TV, Hunter JR, Actor JK. Mycobacterial glycolipid trehalose 6,6’-dimycolate-induced 
hypersensitive granulomas: contribution of CD4+ lymphocytes. Microbiol Read Engl. 2007 Oct;153(Pt 

10):3360–9. 
 

43. Gideon HP, Flynn JL. Latent tuberculosis: what the host “sees”? Immunol Res. 2011 Aug;50(2–3):202– 
12. 

 

44. Divangahi M, Chen M, Gan H, Desjardins D, Hickman TT, Lee DM, et al. Mycobacterium tuberculosis 
evades macrophage defenses by inhibiting plasma membrane repair. Nat Immunol. 2009 Aug;10(8):899– 

906. 
 

45. Saunders BM, Cooper AM. Restraining mycobacteria: role of granulomas in mycobacterial infections. 

Immunol Cell Biol. 2000 Aug;78(4):334–41. 
 

46. Turner J, Gonzalez-Juarrero M, Saunders BM, Brooks JV, Marietta P, Ellis DL, et al. Immunological 

Basis for Reactivation of Tuberculosis in Mice. Infect Immun. 2001 May;69(5):3264–70. 
 

47. Baena A, Porcelli SA. Evasion and subversion of antigen presentation by Mycobacterium tuberculosis. 

Tissue Antigens. 2009 Sep;74(3):189–204. 
 

48. Ahmad S. New approaches in the diagnosis and treatment of latent tuberculosis infection. Respir Res. 
2010 Dec 3;11(1):169. 

 

49. Chang ST, Linderman JJ, Kirschner DE. Multiple mechanisms allow Mycobacterium tuberculosis to 
continuously inhibit MHC class II-mediated antigen presentation by macrophages. Proc Natl Acad Sci U 

S A. 2005 Mar 22;102(12):4530–5. 
 

50. Dye C, Scheele S, Dolin P, Pathania V, Raviglione MC. Consensus statement. Global burden of 

tuberculosis: estimated incidence, prevalence, and mortality by country. WHO Global Surveillance and 
Monitoring Project. JAMA. 1999 Aug 18;282(7):677–86. 

 

51. Day TA, Koch M, Nouailles G, Jacobsen M, Kosmiadi GA, Miekley D, et al. Secondary lymphoid 
organs are dispensable for the development of T-cell-mediated immunity during tuberculosis. Eur J 

DocuSign Envelope ID: 3B0A43C5-4390-4455-A5D9-974AF60F2562



DocuSign Envelope ID: 82E700FF-6896-424F-A960-A375E95A2257 

91 

 

 

 
 

 

Immunol. 2010 Jun;40(6):1663–73. 
 

52. Corbett EL, Bandason T, Cheung YB, Munyati S, Godfrey-Faussett P, Hayes R, et al. Epidemiology of 

Tuberculosis in a High HIV Prevalence Population Provided with Enhanced Diagnosis of Symptomatic 
Disease. PLoS Med [Internet]. 2007 Jan [cited 2019 Oct 4];4(1). Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1761052/ 
 

53. Fremond CM, Yeremeev V, Nicolle DM, Jacobs M, Quesniaux VF, Ryffel B. Fatal Mycobacterium 

tuberculosis infection despite adaptive immune response in the absence of MyD88. J Clin Invest. 2004 
Dec;114(12):1790–9. 

 

54. Scanga CA, Bafica A, Feng CG, Cheever AW, Hieny S, Sher A. MyD88-Deficient Mice Display a 

Profound Loss in Resistance to Mycobacterium tuberculosis Associated with Partially Impaired Th1 
Cytokine and Nitric Oxide Synthase 2 Expression. Infect Immun. 2004 Apr 1;72(4):2400–4. 

 

55. Mayer-Barber KD, Barber DL, Shenderov K, White SD, Wilson MS, Cheever A, et al. Cutting Edge: 

Caspase-1 Independent IL-1β Production Is Critical for Host Resistance to Mycobacterium tuberculosis 

and Does Not Require TLR Signaling In Vivo. J Immunol. 2010 Apr 1;184(7):3326–30. 
 

56. Kleinnijenhuis J, Joosten LAB, van de Veerdonk FL, Savage N, van Crevel R, Kullberg BJ, et al. 
Transcriptional and inflammasome-mediated pathways for the induction of IL-1beta production by 

Mycobacterium tuberculosis. Eur J Immunol. 2009 Jul;39(7):1914–22. 
 

57. Ito T, Schaller M, Raymond T, Joshi AD, Coelho AL, Frantz FG, et al. Toll-like Receptor 9 Activation Is 

a Key Mechanism for the Maintenance of Chronic Lung Inflammation. Am J Respir Crit Care Med. 2009 
Dec 15;180(12):1227–38. 

 

58. Kamath AB, Alt J, Debbabi H, Behar SM. Toll-like receptor 4-defective C3H/HeJ mice are not more 

susceptible than other C3H substrains to infection with Mycobacterium tuberculosis. Infect Immun. 2003 

Jul;71(7):4112–8. 
 

59. Abel B, Thieblemont N, Quesniaux VJF, Brown N, Mpagi J, Miyake K, et al. Toll-like receptor 4 
expression is required to control chronic Mycobacterium tuberculosis infection in mice. J Immunol 

Baltim Md 1950. 2002 Sep 15;169(6):3155–62. 
 

60. Bafica A, Scanga CA, Feng CG, Leifer C, Cheever A, Sher A. TLR9 regulates Th1 responses and 

cooperates with TLR2 in mediating optimal resistance to Mycobacterium tuberculosis. J Exp Med. 2005 

Dec 19;202(12):1715–24. 
 

61. Pompei L, Jang S, Zamlynny B, Ravikumar S, McBride A, Hickman SP, et al. Disparity in IL-12 release 

in dendritic cells and macrophages in response to Mycobacterium tuberculosis is due to use of distinct 
TLRs. J Immunol Baltim Md 1950. 2007 Apr 15;178(8):5192–9. 

 

62. Means TK, Jones BW, Schromm AB, Shurtleff BA, Smith JA, Keane J, et al. Differential effects of a 
Toll-like receptor antagonist on Mycobacterium tuberculosis-induced macrophage responses. J Immunol 

Baltim Md 1950. 2001 Mar 15;166(6):4074–82. 
 

63. Hölscher C, Reiling N, Schaible UE, Hölscher A, Bathmann C, Korbel D, et al. Containment of 
aerogenic Mycobacterium tuberculosis infection in mice does not require MyD88 adaptor function for 

TLR2, -4 and -9. Eur J Immunol. 2008 Mar;38(3):680–94. 
 

64. Shim TS, Turner OC, Orme IM. Toll-like receptor 4 plays no role in susceptibility of mice to 
Mycobacterium tuberculosis infection. Tuberc Edinb Scotl. 2003;83(6):367–71. 

 

65. Davila S, Hibberd ML, Hari Dass R, Wong HEE, Sahiratmadja E, Bonnard C, et al. Genetic association 
and expression studies indicate a role of toll-like receptor 8 in pulmonary tuberculosis. PLoS Genet. 2008 

Oct;4(10):e1000218. 

DocuSign Envelope ID: 3B0A43C5-4390-4455-A5D9-974AF60F2562

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1761052/


DocuSign Envelope ID: 82E700FF-6896-424F-A960-A375E95A2257 

92 

 

 

 
 

 

66. Velez DR, Hulme WF, Myers JL, Weinberg JB, Levesque MC, Stryjewski ME, et al. NOS2A, TLR4, 
and IFNGR1 interactions influence pulmonary tuberculosis susceptibility in African-Americans. Hum 

Genet. 2009 Nov;126(5):643–53. 
 

67. Velez DR, Wejse C, Stryjewski ME, Abbate E, Hulme WF, Myers JL, et al. Variants in toll-like 
receptors 2 and 9 influence susceptibility to pulmonary tuberculosis in Caucasians, African-Americans, 

and West Africans. Hum Genet. 2010 Jan;127(1):65–73. 
 

68. Liu PT, Schenk M, Walker VP, Dempsey PW, Kanchanapoomi M, Wheelwright M, et al. Convergence 

of IL-1beta and VDR activation pathways in human TLR2/1-induced antimicrobial responses. PloS One. 
2009 Jun 5;4(6):e5810. 

 

69. Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krutzik SR, et al. Toll-Like Receptor Triggering of a 
Vitamin D-Mediated Human Antimicrobial Response. Science. 2006 Mar 24;311(5768):1770–3. 

 

70. Immunology of Tuberculosis | Annual Review of Immunology [Internet]. [cited 2019 Oct 6]. Available 

from: https://www.annualreviews.org/doi/10.1146/annurev.immunol.19.1.93 
 

71. Lawn SD, Myer L, Edwards D, Bekker L-G, Wood R. Short-term and long-term risk of tuberculosis 
associated with CD4 cell recovery during antiretroviral therapy in South Africa. AIDS Lond Engl. 2009 

Aug 24;23(13):1717–25. 
 

72. Diedrich CR, Mattila JT, Klein E, Janssen C, Phuah J, Sturgeon TJ, et al. Reactivation of latent 

tuberculosis in cynomolgus macaques infected with SIV is associated with early peripheral T cell 
depletion and not virus load. PloS One. 2010 Mar 10;5(3):e9611. 

 

73. Jones BE, Young SM, Antoniskis D, Davidson PT, Kramer F, Barnes PF. Relationship of the 

manifestations of tuberculosis to CD4 cell counts in patients with human immunodeficiency virus 

infection. Am Rev Respir Dis. 1993 Nov;148(5):1292–7. 
 

74. Lazarevic V, Flynn J. CD8+ T cells in tuberculosis. Am J Respir Crit Care Med. 2002 Oct 

15;166(8):1116–21. 
 

75. van Pinxteren LA, Cassidy JP, Smedegaard BH, Agger EM, Andersen P. Control of latent 

Mycobacterium tuberculosis infection is dependent on CD8 T cells. Eur J Immunol. 2000 

Dec;30(12):3689–98. 
 

76. Serbina NV, Flynn JL. Early Emergence of CD8+ T Cells Primed for Production of Type 1 Cytokines in 

the Lungs of Mycobacterium tuberculosis-Infected Mice. Infect Immun. 1999 Aug 1;67(8):3980–8. 
 

77. Woodworth JS, Wu Y, Behar SM. Mycobacterium tuberculosis-Specific CD8+ T Cells Require Perforin 

to Kill Target Cells and Provide Protection In Vivo. J Immunol. 2008 Dec 15;181(12):8595–603. 
 

78. Stenger S, Hanson DA, Teitelbaum R, Dewan P, Niazi KR, Froelich CJ, et al. An Antimicrobial Activity 
of Cytolytic T Cells Mediated by Granulysin. Science. 1998 Oct 2;282(5386):121–5. 

 

79. Grotzke JE, Lewinsohn DM. Role of CD8+ T lymphocytes in control of Mycobacterium tuberculosis 
infection. Microbes Infect. 2005 Apr;7(4):776–88. 

 

80. Chen CY, Huang D, Wang RC, Shen L, Zeng G, Yao S, et al. A critical role for CD8 T cells in a 

nonhuman primate model of tuberculosis. PLoS Pathog. 2009 Apr;5(4):e1000392. 
 

81. Cooper AM, Magram J, Ferrante J, Orme IM. Interleukin 12 (IL-12) Is Crucial to the Development of 

Protective Immunity in Mice Intravenously Infected with Mycobacterium tuberculosis. J Exp Med. 1997 

Jul 7;186(1):39–45. 
 

82. Ottenhoff THM, Verreck FAW, Lichtenauer-Kaligis EGR, Hoeve MA, Sanal O, van Dissel JT. Genetics, 
cytokines and human infectious disease: lessons from weakly pathogenic mycobacteria and salmonellae. 

DocuSign Envelope ID: 3B0A43C5-4390-4455-A5D9-974AF60F2562

http://www.annualreviews.org/doi/10.1146/annurev.immunol.19.1.93


DocuSign Envelope ID: 82E700FF-6896-424F-A960-A375E95A2257 

93 

 

 

 
 

 

Nat Genet. 2002 Sep;32(1):97–105. 
 

83. Sada-Ovalle I, Chiba A, Gonzales A, Brenner MB, Behar SM. Innate invariant NKT cells recognize 

Mycobacterium tuberculosis-infected macrophages, produce interferon-gamma, and kill intracellular 
bacteria. PLoS Pathog. 2008 Dec;4(12):e1000239. 

 

84. Flynn JL, Goldstein MM, Chan J, Triebold KJ, Pfeffer K, Lowenstein CJ, et al. Tumor necrosis factor- 
alpha is required in the protective immune response against Mycobacterium tuberculosis in mice. 

Immunity. 1995 Jun;2(6):561–72. 
 

85. Singh SB, Davis AS, Taylor GA, Deretic V. Human IRGM Induces Autophagy to Eliminate Intracellular 

Mycobacteria. Science. 2006 Sep 8;313(5792):1438–41. 
 

86. Casanova J-L, Abel L. Genetic dissection of immunity to mycobacteria: the human model. Annu Rev 

Immunol. 2002;20:581–620. 
 

87. Algood HMS, Lin PL, Flynn JL. Tumor necrosis factor and chemokine interactions in the formation and 

maintenance of granulomas in tuberculosis. Clin Infect Dis Off Publ Infect Dis Soc Am. 2005 Aug 1;41 

Suppl 3:S189-193. 
 

88. Clay H, Volkman HE, Ramakrishnan L. Tumor necrosis factor signaling mediates resistance to 

mycobacteria by inhibiting bacterial growth and macrophage death. Immunity. 2008 Aug 15;29(2):283– 

94. 
 

89. Lin PL, Myers A, Smith L, Bigbee C, Bigbee M, Fuhrman C, et al. Tumor necrosis factor neutralization 

results in disseminated disease in acute and latent Mycobacterium tuberculosis infection with normal 

granuloma structure in a cynomolgus macaque model. Arthritis Rheum. 2010 Feb;62(2):340–50. 
 

90. Möller M, Flachsbart F, Till A, Thye T, Horstmann RD, Meyer CG, et al. A functional haplotype in the 

3’untranslated region of TNFRSF1B is associated with tuberculosis in two African populations. Am J 

Respir Crit Care Med. 2010 Feb 15;181(4):388–93. 
 

91. Peters W, Scott HM, Chambers HF, Flynn JL, Charo IF, Ernst JD. Chemokine receptor 2 serves an early 

and essential role in resistance to Mycobacterium tuberculosis. Proc Natl Acad Sci. 2001 Jul 

3;98(14):7958–63. 
 

92. Keane J, Balcewicz-Sablinska MK, Remold HG, Chupp GL, Meek BB, Fenton MJ, et al. Infection by 

Mycobacterium tuberculosis promotes human alveolar macrophage apoptosis. Infect Immun. 1997 Jan 
1;65(1):298–304. 

 

93. Hinchey J, Lee S, Jeon BY, Basaraba RJ, Venkataswamy MM, Chen B, et al. Enhanced priming of 

adaptive immunity by a proapoptotic mutant of Mycobacterium tuberculosis. J Clin Invest. 2007 

Aug;117(8):2279–88. 
 

94. Chan J, Tanaka K, Carroll D, Flynn J, Bloom BR. Effects of nitric oxide synthase inhibitors on murine 
infection with Mycobacterium tuberculosis. Infect Immun. 1995 Feb 1;63(2):736–40. 

 

95. Flynn JL, Scanga CA, Tanaka KE, Chan2 J. Effects of Aminoguanidine on Latent Murine Tuberculosis. 
J Immunol. 1998 Feb 15;160(4):1796–803. 

 

96. Choi H-S, Rai PR, Chu HW, Cool C, Chan ED. Analysis of nitric oxide synthase and nitrotyrosine 

expression in human pulmonary tuberculosis. Am J Respir Crit Care Med. 2002 Jul 15;166(2):178–86. 
 

97. Gagneux S, Small PM. Global phylogeography of Mycobacterium tuberculosis and implications for 
tuberculosis product development. Lancet Infect Dis. 2007 May;7(5):328–37. 

 

98. Parwati I, van Crevel R, van Soolingen D. Possible underlying mechanisms for successful emergence of 
the Mycobacterium tuberculosis Beijing genotype strains. Lancet Infect Dis. 2010 Feb;10(2):103–11. 

DocuSign Envelope ID: 3B0A43C5-4390-4455-A5D9-974AF60F2562



DocuSign Envelope ID: 82E700FF-6896-424F-A960-A375E95A2257 

94 

 

 

 
 

 

99. Palanisamy GS, DuTeau N, Eisenach KD, Cave DM, Theus SA, Kreiswirth BN, et al. Clinical strains of 
Mycobacterium tuberculosis display a wide range of virulence in guinea pigs. Tuberc Edinb Scotl. 2009 

May;89(3):203–9. 
 

100. Caws M, Thwaites G, Dunstan S, Hawn TR, Lan NTN, Thuong NTT, et al. The influence of host and 
bacterial genotype on the development of disseminated disease with Mycobacterium tuberculosis. PLoS 

Pathog. 2008 Mar 28;4(3):e1000034. 
 

101. Chee CBE, Barkham TMS, Khinmar KW, Gan SH, Wang YT. Quantitative T-cell interferon-gamma 

responses to Mycobacterium tuberculosis-specific antigens in active and latent tuberculosis. Eur J Clin 
Microbiol Infect Dis Off Publ Eur Soc Clin Microbiol. 2009 Jun;28(6):667–70. 

 

102. Pepper T, Joseph P, Mwenya C, McKee G-S, Haushalter A, Carter A, et al. Normal chest radiography in 
pulmonary tuberculosis: implications for obtaining respiratory specimen cultures. Int J Tuberc Lung Dis 

Off J Int Union Tuberc Lung Dis. 2008 Apr;12(4):397–403. 
 

103. Amukotuwa S, Choong PF, Smith PJ, Powell GJ, Slavin J, Schlicht SM. Tuberculosis masquerading as 

malignancy: a multimodality approach to the correct diagnosis - a case report. Int Semin Surg Oncol 

ISSO. 2005 May 7;2(1):10. 
 

104. Hofmeyr A, Eddie Lau WF, Slavin MA. Mycobacterium tuberculosis infection in patients with cancer, 

the role of 18-fluorodeoxyglucose positron emission tomography for diagnosis and monitoring treatment 

response. Tuberculosis. 2007 Sep 1;87(5):459–63. 
 

105. Lönnroth K, Raviglione M. Global epidemiology of tuberculosis: prospects for control. Semin Respir 
Crit Care Med. 2008 Oct;29(5):481–91. 

 

106. Jick SS, Lieberman ES, Rahman MU, Choi HK. Glucocorticoid use, other associated factors, and the risk 
of tuberculosis. Arthritis Rheum. 2006 Feb 15;55(1):19–26. 

 

107. Wallis RS. Infectious complications of tumor necrosis factor blockade. Curr Opin Infect Dis. 2009 

Aug;22(4):403–9. 
 

108. Bruns H, Meinken C, Schauenberg P, Härter G, Kern P, Modlin RL, et al. Anti-TNF immunotherapy 

reduces CD8+ T cell-mediated antimicrobial activity against Mycobacterium tuberculosis in humans. J 
Clin Invest. 2009 May;119(5):1167–77. 

 

109. Horsburgh CR. Priorities for the treatment of latent tuberculosis infection in the United States. N Engl J 

Med. 2004 May 13;350(20):2060–7. 
 

110. Lawn SD, Bekker L-G, Wood R. How effectively does HAART restore immune responses to 

Mycobacterium tuberculosis? Implications for tuberculosis control. AIDS Lond Engl. 2005 Jul 

22;19(11):1113–24. 
 

111. Badri M, Wilson D, Wood R. Effect of highly active antiretroviral therapy on incidence of tuberculosis 
in South Africa: a cohort study. Lancet Lond Engl. 2002 Jun 15;359(9323):2059–64. 

 

112. Diedrich CR, Mattila JT, Klein E, Janssen C, Phuah J, Sturgeon TJ, et al. Reactivation of latent 

tuberculosis in cynomolgus macaques infected with SIV is associated with early peripheral T cell 
depletion and not virus load. PloS One. 2010 Mar 10;5(3):e9611. 

 

113. Correlates for disease progression and prognosis during concurrent HIV/TB infection. - PubMed - NCBI 

[Internet]. [cited 2019 Oct 6]. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/17446108?dopt=Abstract 
 

114. WHO | Chronic rheumatic conditions [Internet]. WHO. [cited 2019 Oct 6]. Available from: 
http://www.who.int/chp/topics/rheumatic/en/ 

DocuSign Envelope ID: 3B0A43C5-4390-4455-A5D9-974AF60F2562

http://www.ncbi.nlm.nih.gov/pubmed/17446108?dopt=Abstract
http://www.who.int/chp/topics/rheumatic/en/


DocuSign Envelope ID: 82E700FF-6896-424F-A960-A375E95A2257 

95 

 

 

 
 

 

115. Chopra A, Patil J, Billempelly V, Relwani J, Tandle HS, WHO-ILAR COPCORD Study. WHO 
International League of Associations from Rheumatology Community Oriented Program from Control of 

Rheumatic Diseases. Prevalence of rheumatic diseases in a rural population in western India: a WHO- 

ILAR COPCORD Study. J Assoc Physicians India. 2001 Feb;49:240–6. 
 

116. Malaviya AN, Kapoor SK, Singh RR, Kumar A, Pande I. Prevalence of rheumatoid arthritis in the adult 
Indian population. Rheumatol Int. 1993 Nov 1;13(4):131–4. 

 

117. Smolen JS, Landewé R, Breedveld FC, Buch M, Burmester G, Dougados M, et al. EULAR 
recommendations for the management of rheumatoid arthritis with synthetic and biological disease- 

modifying antirheumatic drugs: 2013 update. Ann Rheum Dis. 2014 Mar;73(3):492–509. 
 

118. Schiff MH, Burmester GR, Kent JD, Pangan AL, Kupper H, Fitzpatrick SB, et al. Safety analyses of 

adalimumab (HUMIRA) in global clinical trials and US postmarketing surveillance of patients with 
rheumatoid arthritis. Ann Rheum Dis. 2006 Jul;65(7):889–94. 

 

119. Gerlag DM, Norris JM, Tak PP. Towards prevention of autoantibody-positive rheumatoid arthritis: from 

lifestyle modification to preventive treatment. Rheumatol Oxf Engl. 2016 Apr;55(4):607–14. 
 

120. Mohan AK, Coté TR, Block JA, Manadan AM, Siegel JN, Braun MM. Tuberculosis following the use of 
etanercept, a tumor necrosis factor inhibitor. Clin Infect Dis Off Publ Infect Dis Soc Am. 2004 Aug 

1;39(3):295–9. 
 

121. Solovic I, Sester M, Gomez-Reino JJ, Rieder HL, Ehlers S, Milburn HJ, et al. The risk of tuberculosis 

related to tumour necrosis factor antagonist therapies: a TBNET consensus statement. Eur Respir J. 2010 
Nov;36(5):1185–206. 

 

122. Cai W, Gu Y, Cui H, Cao Y, Wang X, Yao Y, et al. The Efficacy and Safety of Mainstream Medications 

for Patients With cDMARD-Naïve Rheumatoid Arthritis: A Network Meta-Analysis. Front Pharmacol 

[Internet]. 2018 Mar 21 [cited 2019 Oct 6];9. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5871709/ 
 

123. Lee SK, Kim SY, Kim EY, Jung JY, Park MS, Kim YS, et al. Mycobacterial infections in patients 
treated with tumor necrosis factor antagonists in South Korea. Lung. 2013 Oct;191(5):565–71. 

 

124. Tubach F, Salmon D, Ravaud P, Allanore Y, Goupille P, Bréban M, et al. Risk of tuberculosis is higher 

with anti-tumor necrosis factor monoclonal antibody therapy than with soluble tumor necrosis factor 

receptor therapy: The three-year prospective French Research Axed on Tolerance of Biotherapies 

registry. Arthritis Rheum. 2009 Jul;60(7):1884–94. 
 

125. [Guidelines for the diagnosis and treatment of latent tuberculosis infection and active tuberculosis in 
patients with inflammatory joint diseases p... - PubMed - NCBI [Internet]. [cited 2018 Jan 31]. Available 

from: 

https://www.ncbi.nlm.nih.gov/pubmed/17117328?access_num=17117328&link_type=MED&dopt=Abst 

ract 
 

126. Smolen JS, Landewé R, Breedveld FC, Buch M, Burmester G, Dougados M, et al. EULAR 

recommendations for the management of rheumatoid arthritis with synthetic and biological disease- 

modifying antirheumatic drugs: 2013 update. Ann Rheum Dis. 2014 Mar;73(3):492–509. 
 

127. Handa R, Upadhyaya S, Kapoor S, Jois R, Pandey BD, Bhatnagar AK, et al. Tuberculosis and biologics 

in rheumatology: A special situation. Int J Rheum Dis. 2017 Oct;20(10):1313–25. 
 

128. Ai J-W, Ruan Q-L, Liu Q-H, Zhang W-H. Updates on the risk factors for latent tuberculosis reactivation 

and their managements. Emerg Microbes Infect. 2016 Feb 3;5:e10. 
 

129. Chee CBE, Soh CH, Boudville IC, Chor SS, Wang YT. Interpretation of the Tuberculin Skin Test in 
Mycobacterium bovis BCG-vaccinated Singaporean Schoolchildren. Am J Respir Crit Care Med. 2001 

DocuSign Envelope ID: 3B0A43C5-4390-4455-A5D9-974AF60F2562

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5871709/
http://www.ncbi.nlm.nih.gov/pubmed/17117328?access_num=17117328&link_type=MED&dopt=Abst


DocuSign Envelope ID: 82E700FF-6896-424F-A960-A375E95A2257 

96 

 

 

 
 

 

Sep 15;164(6):958–61. 
 

130. Nayak S, Acharjya B. Mantoux test and its interpretation. Indian Dermatol Online J. 2012 Jan 1;3(1):2. 
 

131. Youssef E, Wooltorton E. Serious allergic reactions following tuberculin skin tests. CMAJ Can Med 
Assoc J. 2005 Jul 5;173(1):34. 

 

132. Kim Y, Dawes-Higgs E, Zagarella S. Foreign body reaction involving a Mantoux test site. Australas J 

Dermatol. 2005 Aug;46(3):169–71. 
 

133. Dye C, Scheele S, Dolin P, Pathania V, Raviglione MC. Consensus statement. Global burden of 

tuberculosis: estimated incidence, prevalence, and mortality by country. WHO Global Surveillance and 
Monitoring Project. JAMA. 1999 Aug 18;282(7):677–86. 

 

134. Guidelines on the Management of Latent Tuberculosis Infection [Internet]. Geneva: World Health 

Organization; 2015 [cited 2019 Oct 8]. (WHO Guidelines Approved by the Guidelines Review 
Committee). Available from: http://www.ncbi.nlm.nih.gov/books/NBK293818/ 

 

135. CDC | TB | Treatment | Treatment Regimens for Latent TB Infection (LTBI) [Internet]. 2017 [cited 2018 
Jan 20]. Available from: https://www.cdc.gov/tb/topic/treatment/ltbi.htm 

 

136. Agarwal S, Das SK, Agarwal GG, Srivastava R. Steroids Decrease Prevalence of Positive Tuberculin 
Skin Test in Rheumatoid Arthritis: Implications on Anti-TNF Therapies. Interdiscip Perspect Infect Dis. 

2014;2014:430134. 
 

137. Bélard E, Semb S, Ruhwald M, Werlinrud AM, Soborg B, Jensen FK, et al. Prednisolone treatment 

affects the performance of the QuantiFERON gold in-tube test and the tuberculin skin test in patients 

with autoimmune disorders screened for latent tuberculosis infection. Inflamm Bowel Dis. 2011 

Nov;17(11):2340–9. 
 

138. Hakimian S, Popov Y, Rupawala AH, Salomon-Escoto K, Hatch S, Pellish R. The conundrum of 
indeterminate QuantiFERON-TB Gold results before anti-tumor necrosis factor initiation [Internet]. 

Biologics: Targets and Therapy. 2018 [cited 2019 Oct 9]. Available from: 

https://www.dovepress.com/the-conundrum-of-indeterminate-quantiferon-tb-gold-results-before--ant- 
peer-reviewed-fulltext-article-BTT 

 

139. Wasserman A. Diagnosis and Management of Rheumatoid Arthritis. Am Fam Physician. 2011 Dec 

1;84(11):1245–52. 
 

140. Rheumatoid arthritis - Diagnosis and treatment - Mayo Clinic [Internet]. [cited 2019 Oct 9]. Available 
from: https://www.mayoclinic.org/diseases-conditions/rheumatoid-arthritis/diagnosis-treatment/drc- 

DocuSign Envelope ID: 3B0A43C5-4390-4455-A5D9-974AF60F2562

http://www.ncbi.nlm.nih.gov/books/NBK293818/
http://www.cdc.gov/tb/topic/treatment/ltbi.htm
http://www.dovepress.com/the-conundrum-of-indeterminate-quantiferon-tb-gold-results-before--ant-
http://www.mayoclinic.org/diseases-conditions/rheumatoid-arthritis/diagnosis-treatment/drc-


DocuSign Envelope ID: 82E700FF-6896-424F-A960-A375E95A2257 

97 

 

 

20353653 
 

141. Treatment of axial spondyloarthritis (ankylosing spondylitis and nonradiographic axial spondyloarthritis) 
in adults - UpToDate [Internet]. [cited 2019 Oct 9]. Available from: 

https://www.uptodate.com/contents/treatment-of-axial-spondyloarthritis-ankylosing-spondylitis-and- 

nonradiographic-axial-spondyloarthritis-in- 

adults?search=ankylosing%20spondylitis&source=search_result&selectedTitle=2~150&usage_type=def 
ault&display_rank=2 

 

142. ASAS modification of the Berlin algorithm - UpToDate [Internet]. [cited 2019 Oct 9]. Available from: 

https://www.uptodate.com/contents/image?imageKey=RHEUM%2F96353&topicKey=RHEUM%2F778 

6&search=ankylosing%20spondylitis&rank=3~150&source=see_link 
 

143. Mehta B, Zapantis E, Petryna O, Efthimiou P. Screening Optimization of Latent Tuberculosis Infection 

in Rheumatoid Arthritis Patients. Arthritis [Internet]. 2015 [cited 2019 Oct 21];2015. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4532802/ 
 

144. Carmona L, Gómez-Reino JJ, Rodríguez-Valverde V, Montero D, Pascual-Gómez E, Mola EM, et al. 

Effectiveness of recommendations to prevent reactivation of latent tuberculosis infection in patients 
treated with tumor necrosis factor antagonists. Arthritis Rheum. 2005 Jun;52(6):1766–72. 

 

145. Gómez-Reino JJ, Carmona L, Angel Descalzo M, Biobadaser Group. Risk of tuberculosis in patients 

treated with tumor necrosis factor antagonists due to incomplete prevention of reactivation of latent 

infection. Arthritis Rheum. 2007 Jun 15;57(5):756–61. 
 

146. TB Statistics India | National, treatment outcome & state statistics [Internet]. TBFacts. [cited 2019 Oct 

22]. Available from: https://tbfacts.org/tb-statistics-india/ 
 

147. Malaviya. Real life experience of a screening strategy for latent tuberculosis before treatment with 
biologicals in indian patients with rheumatic diseases [Internet]. [cited 2019 Oct 22]. Available from: 

http://www.indianjrheumatol.com/article.asp?issn=0973- 

3698;year=2018;volume=13;issue=4;spage=233;epage=239;aulast=Malaviya 
 

148. Malaviya AN, Aggarwal VK, Rawat R, Baghel S, Thakran R, Zaheer Q, et al. Screening for latent 
tuberculosis infection among patients with rheumatoid arthritis in the era of biologics and targeted 

synthetic disease-modifying anti-rheumatic drugs in India, a high-burden TB country: The importance of 

Mantoux and Quantiferon-TB Gold tests. Int J Rheum Dis. 2018 Aug;21(8):1563–71. 
 

149. Palit J, Chattopadhyay C, Malaviya AN, Uberoi S, Kumar R. Some immunological parameters in 
rheumatoid arthritis from India. Biomed Publiee Pour AAICIG. 1977 Mar;27(2):70–3. 

 

150. Agarwal S, Das SK, Agarwal GG, Srivastava R. Steroids Decrease Prevalence of Positive Tuberculin 
Skin Test in Rheumatoid Arthritis: Implications on Anti-TNF Therapies [Internet]. Interdisciplinary 

Perspectives on Infectious Diseases. 2014 [cited 2019 Oct 28]. Available from: 

https://www.hindawi.com/journals/ipid/2014/430134/ 
 

151. Vassilopoulos D, Stamoulis N, Hadziyannis E, Archimandritis AJ. Usefulness of enzyme-linked 
immunospot assay (Elispot) compared to tuberculin skin testing for latent tuberculosis screening in 

rheumatic patients scheduled for anti-tumor necrosis factor treatment. J Rheumatol. 2008 

Jul;35(7):1271–6. 
 

152. Sellam J, Hamdi H, Roy C, Baron G, Lemann M, Puéchal X, et al. Comparison of in vitro-specific blood 

tests with tuberculin skin test for diagnosis of latent tuberculosis before anti-TNF therapy. Ann Rheum 

Dis. 2007 Dec;66(12):1610–5. 

DocuSign Envelope ID: 3B0A43C5-4390-4455-A5D9-974AF60F2562

http://www.uptodate.com/contents/treatment-of-axial-spondyloarthritis-ankylosing-spondylitis-and-
http://www.uptodate.com/contents/image?imageKey=RHEUM%2F96353&topicKey=RHEUM%2F778
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4532802/
http://www.indianjrheumatol.com/article.asp?issn=0973-
http://www.hindawi.com/journals/ipid/2014/430134/


DocuSign Envelope ID: 82E700FF-6896-424F-A960-A375E95A2257 

98 

 

 

 
 

 

 

B.L.D.E. (DEEMED TO BE UNIVERSITY) SHRI B.M.PATIL MEDICAL COLLEGE HOSPITAL AND 

RESEARCH CENTER, VIJAYAPURA-586103 

 

INFORMED CONSENT FOR PARTICIPATION IN DISSERTATION/RESEARCH 
 

 

 

STUDY TITLE: Study of prevalence and Risk of Latent tuberculosis infection in patients with Rheumatoid 

Arthritis using Interferon Gamma Release Assay and Tuberculin Sensitivity Test – A Hospital Based Study. 

 
Name: OP. No.: 

Age: Sex: 

1. I confirm that I have read and understood the information sheet dated…        for the above study and 

had the opportunity to ask questions. Detailed information about the study, procedure, objectives, advantages & 

disadvantages, time period and other relevant information has been provided to me in the language I understand. 

2. 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. 

3. I understand the sponsor of the study, others working on the sponsor’s behalf, investigator(s), the Ethics 

committee and the regulatory authorities will not need my permission to look at my health record 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 his access. 

4. I understand that my identity will not be revealed in any information released to the 3rd party or 

published. 

5. 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). 

6. Every treatment has its own risks including death. I have not been guaranteed about anything. Even 

after all the precautions sometimes it becomes impossible to prevent complications for which I will not hold the 

doctor or the hospital responsible. 

7. I have been informed that during the study complicated situations can arise and I give the doctor and 

his colleagues the authority to deal with them. 

8. I have given my/my patients history of any previous allergies, disease(s) (diabetes, hypertension, 

asthma, bronchitis, rheumatic arthritis etc), smoking and alcohol consumption to the doctor. 

9. I consent for the use of any blood or blood product, i. v. fluid during the study. 

10. I agree to take part in the study 

11. I am also informed that this study will not affect my treatment. 

12. I have been informed that there will be no payment for participation in the study and that the study is 

not sponsored by any financial institution. 

Subject/Patient 

Name Signature/Thumb Impression Date 
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ANNEXURE – 

 
 

SHRI B.M. PATIL MEDICAL COLLEGE, HOSPITAL AND RESEARCH CENTRE, VIJAYAPURA - 586103 

PROFORMA FOR DATA COLLECTION 

 

 

 

 
 

Sr. No Date 

Name of Patient Age Sex 

op number………………………... 

Education: 

Occupation: 

Address of Patient 

Any Comorbid condition. 

Any other joint problem. 

Any immunocompromised stage. 

H/O Immunosuppressive therapy. 

Family history Of Tuberculosis... 

Diagnosis 

Rheumatoid Arthritis 

Noninflammatory Arthropathy 
 

 

 

 

 

 

 
IGRA Test . 

 

 
< 0.35 IU/ml will be negative. 

≥ 0.35 IU/ml result positive. 

Result will be indetermined-if 

<0.35 IU/ml for TB antigens. 

<5 IU/ml for positive control. 
 
 

TST Test .  

≥ 5 mm for RA patients . 

≥ 10 mm for controls with clinical suspicion. 

≥ 15 mm for control without clinical suspicion. 
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