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ABSTRACT

Human tuberculosis is a chronic inflammatory disease caused by mycobacterium
tuberculosis. Pulmonary tuberculosis is the result of the failure of host immune system to
control mycobacterium tuberculosis. The aim of the study was to analyze and associate
plasma biomarkers that can be used in monitoring treatment in active pulmonary tuberculosis
patients before and after the use of anti-TB therapy. Multiple cytokine responses in active
tuberculosis (TB) patients were investigated in this study following anti-TB drug therapy
after 2 months. Ninety-six participants with pulmonary TB were engaged in the study
between May 2018 and October 2018. Samples of blood were taken early before treatment at
0 and 2 months after using anti-TB therapy. The levels of interferon-gamma (IFN)-v,
interleukin-4 (IL-4), IL-6, IL-10, and tumor necrosis factor (TNF)-a in whole blood plasma
collected from the QuantiFERON-TB Gold Plus were measured. Compared with baseline
levels, TNF-q, IL6 and IL10 were significantly lower following treatment whereas the IFN-y
and IL-4 increased significantly after treatment. The responses of five cytokines varied
significantly after treatment (P < 0.0001) where IFN-y was highest compared to other
cytokines with 123.6%, AUC=0.757and P < 0001, TNF-oo AUC = 0.529 and P = 0.743, IL-4
AUC = 0.557 and P = 0.514, IL-6 AUC = 0.629 and P = 0.047, IL-10 AUC = 0.549 and P
=0.581. It was concluded that changes of cytokines that observed during the treatment of TB
patients play a very important role in monitoring pulmonary TB and can be suitable

biomarkers to assess the effectiveness of anti-TB therapy in patients with TB.
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CHAPTER ONE
INTRODUCTION

1.1 Background of the study

Tuberculosis is a chronic inhalational infectious bacterial disease caused by Mycobacteria
tuberculosis complex (MTBC). TB is the ninth leading cause of death worldwide, and the
leading cause from a single infectious agent, ranking above HIV/AIDS. In 2016, there were
an estimated 1.3 million TB deaths among HIV negative cases and an additional 374 000

deaths among HIV-positive cases (WHO, 2017).

Tanzania is among 30 countries in the world with highest burdens of TB having
approximately 200 to 299 TB cases per 100 000 adult (WHO, 2017). Furthermore, about 5
percent of adults in Tanzania are living with HIV or AIDS, which according to the World
Health Organization, makes them 26 or 31 times more likely to become infected with

Mycobacterium tuberculosis due to their impaired immune system.

The most common method for diagnosing TB worldwide remains to be sputum smear
microscopy developed more than 100 years ago, in which bacteria are observed in sputum
samples examined under a microscope. However, developments in TB diagnostics in the last
few years mean that the use of rapid molecular tests to diagnose TB and drug-resistant TB is
increasing, and some countries are phasing out use of smear microscopy for diagnostic
purposes. In countries with more developed laboratory capacity, cases of TB are also
diagnosed by using culture methods. Treatment using drug sensitive Tuberculosis requires
combination of four drugs namely; Rifampicin, Isonizid, Pyrazinamide and Ethambutol.
These must be administered for six to nine months consecutively. During treatment, patients
must be monitored after two and five months for anti-TB. In some cases, Tuberculosis has

shown poorer therapeutic outcome with elevated mortality rate.

Biomarkers are objective characteristics that indicate a normal or pathogenic biological
process or pharmacological response to a therapeutic intervention or vaccination (Atkinson et
al., 2001). Sputum acid fast bacilli (AFB), and sputum culture are the most common TB
biomarkers currently used to monitor drug sensitive TB patients. However, sputum acid fast
bacilli (AFB) does not distinguish live and dead organisms and is not predictive of outcome
or relapse. Meanwhile, culture takes 6 to 8 weeks to get the results. Thus, there is an urgent

need to identify early biomarkers of treatment efficacy that could be used for patient



stratification and management. A number of immunological markers measured in blood
plasma at the start of treatment have shown promising results as prognostic markers for
clinical severity and/or predictors of microbiological outcome in TB patients. The
inflammation process observed in patients with Tb is mediated by activation of the immune
system, with excessive production of immune markers (cytokines/chemokines), such as IL-1,
IL-2, IFN-y, and TNF-a. The following cytokines/chemokines were therefore analyzed and
associated with anti-TB treatment in this study; Interleukins (IL-6) and (IL-10), IL-4, gamma
interferon (IFN-y) and Tumor necrosis factor alpha (TNF-a).

Cytokines are proteins that can alter the behavior or properties of the cell itself or of another
cell. These proteins are involved in the immunopathology of different diseases. Study of the
cytokines in Mycobacterium tuberculosis infection is very important, as they participate in
establishment, persistence and evolution of the infection. The intricate complexity of these
regulating proteins stimulates the investigation in searching for more effective treatments that
permit eradication of tuberculosis, which is one of the leading causes of mortality and

morbidity worldwide despite efforts made by the scientific community.

1.2 Problem Statement and Justification

Tuberculosis (TB) has existed for millennia and remains a major global health problem. It
causes ill-health for approximately 10 million people each year and is one of the top ten
causes of death worldwide (ref). For the past 5 years, TB has been the leading cause of deaths
from a single infectious agent, ranking above is HIV/AIDS (WHO, 2017). Tanzania is among
the 30 countries having the highest TB burden in the world attributed to challenges in
diagnosis, treatment and monitoring. During treatment, patients should be monitored after

two and five months.

The most common TB biomarkers currently used to monitor Drug sensitive TB patients in
Tanzania and Worldwide in general are Sputum AFB and Sputum culture. However, sputum
AFB does not distinguish live and dead organisms and is not predictive of outcome or
relapse. It is also relatively insensitive, as at least 5000 bacilli per milliliter of sputum are
required for direct microscopy to be positive. On the other hand, sputum culture takes about 2
months to get the results, and its sensitivity is limited as it requires about 100 bacilli per
milliliter of sputum to yield a positive culture. Response to drug sensitive TB treatment has
mostly based on the decrease of acid-fast bacilli in sputum during anti-TB chemotherapy. TB

patients on treatment are thus required to produce sputum for AFB examination at second and
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fifth month of therapy. As for drug resistant tuberculosis sputum, culture is evaluated every

month during treatment.

Most TB patients cannot produce sputum after two months of anti-TB therapy, primarily
because coughing ceases or is reduced dramatically, making expectorating difficult. Children
as well cannot produce sputum, and therefore prediction of their therapeutic response
becomes difficult. It is also difficult to use sputum for smear or culture in extra pulmonary
TB as a marker that can predict its treatment response, because it is not applicable in the
context of extra-pulmonary tuberculosis. Hence, a blood-based biomarker would be ideal, as
it is easier to obtain blood and assessment of immunological parameters can be done at

second and fifth month of anti-TB treatment.

Despite the ongoing global TB problem and extensive research into protective immunity
against this intracellular pathogen, mechanisms for protective immunity against Mtb in

humans have not been fully clarified.

This proposed study therefore aimed to identify potential plasma biomarkers that can be used
in monitoring patient’s prognosis 2 months after the start of anti- TB treatment, in a bid to

stratify patient risk and optimize TB patient care.

1.3 Objective of the Study
1.3.1 General Objective

The general objective of this study was to analyse and associate plasma biomarkers (IL-6, IL-

10, IL-4, IFN-y and TNF-a) with treatment response in patients with tuberculosis.

1.3.2 Specific Objectives

(1) To compare plasma markers (IL-6, IL-10, IL-4, IFN-y, and TNF-a) at baseline
and 2 months of anti-TB treatment.

(i1) To determine plasma biomarkers (IL-6, IL-10, IL-4, IFN-y, TNF-a) that can
predict favorable treatment outcome.

(iii) To compare clinical presentation/symptoms at baseline and two months after anti-

TB treatment.



1.4 Research Question

The study addressed the following question: “Do plasma biomarkers have a role when

monitoring treatment response in patients with tuberculosis?”

1.5 Significance of the Study

Results from this study will provide baseline information on improving management of
tuberculosis patients, by avoiding diagnosis delays and failure of anti-tuberculosis treatment,
hence reduction of infection transmission and death. Furthermore, studied blood plasma
biomarkers will serve as treatment biomarkers for patients who cannot expectorate during
follow up, and those patients with Extra pulmonary tuberculosis (EPTB) to know their

prognosis.

1.6 Expected Outcome

The expected outcomes of this study are:

(i) Improved management of tuberculosis patients, by avoiding diagnosis delays and
failure of anti-tuberculosis treatment, hence reduction of transmission of infection to
others and death.

(ii)) Improved knowledge of studied blood plasma biomarkers will serve patients who
cannot expectorate during follow up, and those patients with EPTB to know their

prognosis.



CHAPTER TWO
LITERATURE REVIEW

2.1 Introduction

TB is a chronic infectious disease caused by the bacillus Mycobacterium tuberculosis. It
typically affects the lungs (pulmonary TB) but can also affect other sites (extra pulmonary
TB). TB causes ill-health in millions of people each year and was one of the top 10 causes of
death in 2017 worldwide, ranking above HIV/AIDS as one of the leading causes of death
from infectious diseases. The best estimate is that there were 1.3 million TB deaths among
HIV negative people (down from 1.7 million in 2000) and an additional 374 000 deaths
among HIV-positive people (WHO, 2017). An estimated 10.4 million people (90% adults;
65% male; 10% people living with HIV) fell ill with TB in 2016 (WHO, 2017). Treatment of
drug sensitive Tuberculosis requires combination of four drugs Rifampicin, Isonizid,
Pyrazinamide, Ethambutol and must be administered for six to nine months. Patients must be
monitored after two and five months of anti-TB drugs during treatment because of we want to

see the prognosis of the patient and the bacteriological status.

WHO has recommended sputum-smear examination at the end of second and five months of
treatment in patients diagnosed with pulmonary tuberculosis, as a predictive marker for
treatment outcome, this being the only marker that is available. Both sputum-smear
microscopy and mycobacterial culture during tuberculosis treatment have low sensitivity and
modest specificity for predicting failure and relapse (Horne ef al., 2010). In addition, Sputum
culture is the Gold standard for TB diagnosis and monitoring of multidrug resistant
tuberculosis patients. However, its sensitivity is limited as it requires about 100 bacilli per ml
of sputum to yield a positive culture (Van Deun et al., 2004). A negative result can be
obtained because of low bacterial numbers resulting from paucibacillary sputum or decreased
bacilli load resulting from the decontamination process. Insufficient follow-up of TB
treatment poses a major threat for individual patients due to variable treatment outcomes
and therefore, call for new approaches such as using plasma biomarkers to monitor
tuberculosis treatment outcome responses. Measurement of Mycobacterium tuberculosis
specific antigen induced responses in blood has been proposed as a better option, hence
characterization of cellular response to Mycobacterium tuberculosis antigens during

treatment was the major focus of this study.



2.2 Human immune response to tuberculosis infection

Recent understanding of the roles played by leukocytes and the cytokines has revealed
delicacy underlying balance between the strategies used by M. tuberculosis to survive within

a host and concomitant efforts of the host to kill it.

The main route of entry for the bacillus into the body is via the respiratory tract through
inhalation of infectious droplet nuclei. Only small sized droplet nuclei are able to gain entry
into the lower respiratory tract while larger ones are excluded by physical barriers of the
nasopharynx and upper respiratory tract (Paper, 1995). Alveoli is the first point of entry for
the bacilli where they interact with phagocytic cells, such as macrophages and dendritic cells

through different receptors (Ernst, 2012).

Once the bacilli lodges into the lungs may assume either of the four potential fates
(Dannenberg, 1994). These includes; initial host response that clears the bacilli with no
chance of developing tuberculosis at any time in the future or organisms can begin to
multiply and immediately resulting into a clinical disease (primary tuberculosis).
Furthermore, the bacilli may become dormant, contained in the lung granuloma and never
cause the disease with patient referred to have latent infection. This is manifested only by a
positive tuberculin skin test. The last fate is the latent organisms that eventually begin to

multiply resulting into clinical disease.

Studies have shown that there was a 5 to 10% chance over a lifetime of developing active
disease (Of et al., 2014). However, latent infection in severely compromised patients with
HIV/AIDS have 7% chance for developing clinical tuberculosis annually (Selwyn et al.,
1989).

Reactivation is where the latent bacilli exit the dormancy mode through resuscitation to
establish active infection as reported by Schluger et al. (2010). However, recent advances in
studying the immune response to TB suggest a paradigm shift from this old model of well-
defined outcomes towards a view of Mitb infection outcome as a continuous spectrum
generated by a range of lesions providing multiple microenvironments that support bacterial
replication, persistence or killing as reported by Barry et al. (2009). This continuous spectrum
extends from sterilizing immunity, to subclinical active disease, to fulminate active disease,
with conventional designations of latent infection and active disease corresponding to

partially overlapping regions of biological heterogeneity (Young et al., 2009).



2.3 Innate immune response to tuberculosis

In humans, upon entry of mycobacterium into the body, the Mth components are recognized
by multiple pattern recognition receptors (PRR) of the host, including toll like receptors
(TLR), specific members of the C-type lectin receptor (CLR) family, including DC-SIGN,
dectin 1, the mannose receptor and Mincle-monocyte-inducible C-type lectin (Ernst, 2012).
The stimulation of these receptors either individually or collectively induces the expression of
pro-inflammatory cytokines, selected chemokines and cell adhesion receptors that contribute

to local and systemic immune cell mobilization and activation.

Phagocytic cells engulf the invading microbes in a membrane-bound tight vacuole created
when the pseudopods surround the bacterium and fuse distally. Engulfment inside the
phagosome leads to killing of pathogenic bacteria via several pathways; including fusion of
the phagosome with lysosome to form the phagolysosome, resulting in release of cytotoxic
granules, generation of reactive oxygen intermediaries (ROIs) and reactive nitrogen

intermediaries (RNIs) as reported by Schluger et al. (2009).

However Mycobacterium tuberculosis, accomplishes intracellular survival through several
evasion strategies, including neutralization of the phagosomal pH and interference with

autophagy, which serves as a cell autonomous defense mechanism by Gutierrez et al. (2004).

In contrast to other infectious diseases, where the recruitment of phagocytic cells restricts and
even eliminates invading pathogens, the recruitment of phagocytes to sites of mycobacterial
infection actually benefits the pathogen during the early stages of infection, by providing

additional cellular niches for bacterial population expansion by Davis et al. (2009).

2.4 Adaptive immune response to tuberculosis

The onset of the adaptive immune response to Mycobacterium tuberculosis is delayed
compared with that of other infections or immunization, that allows the bacterial population
in the lungs to expand markedly during the pre- immune phase of infection by Wolf et al.

(2008).

Subsequently, most human become asymptomatic, do not shed bacteria and are considered to
have latent TB infection (Ernst, 2012) as defined by detectable memory Mzb-specific T cell
response, signifying the important role of lymphocytes as co-effectors in mycobacterial host

defense.



Adaptive immune responses are mediated by B and T lymphocytes. Adaptive immune
responses mediated by T cells play a vital role in the elimination of M. tuberculosis (Joanne
et al., 2001). Cytotoxicity and cytokine production are the two major effector mechanisms
utilized by T cells against intracellular pathogens. Among various cytokines, the role of IFN-

g in Mtb infection was demonstrated in various experiments as reported by (Flynn, 1993).

The T cells are involved in protective anti—-TB immunity evidenced from studies on TB in
mice, in which the expression of immunity can be measured in terms of control of infection
in major organs in the absence of selected T cell subpopulations (Cooper et al., 1997). On the
other hand, our knowledge on the T cells involved in immunity to TB in humans is based on
correlative evidence that comes from experiments designed to identify T cells that respond to

appropriately presented Mtb antigens in vitro as reported by Mogues et al. (2001).

2.5 Biomarkers for TB

Biomarkers are objective characteristics that indicate a normal or pathogenic biological
process or pharmacological response to therapeutic intervention or vaccination as defined by
Atkinson et al. (2001). They can provide information about disease status, risk of
progression, likelihood of response to treatment or of drug toxicity and protective immunity
after vaccination. Biomarkers are useful as surrogate endpoints in clinical trials, replacing
typical clinical endpoints that describe how a patient feels, functions or survives (Wallis et
al., 2009). The requirement for biomarkers in TB stems from two critical features of human
Mtb infection: its long and varied natural history, and essential role played by minority
bacillary sub-populations. Non-replicating persisters are thought to be the main impediment
to shortening therapy, because they are relatively unaffected by most TB drugs (Rao et al.,
2008).

Both human and Mtb biomarker studies have focused on three specific areas of research over
the past decade: biomarkers predicting treatment efficacy and cure of active TB, the
reactivation of latent tuberculosis infection and induction of protective immune responses by
vaccination (Walzl et al., 2011). This study was set up to provide new information that will
be useful for studies aimed at looking for immunological biomarkers predicting early

treatment response and cure of tuberculosis.



2.6 Biomarkers predicting treatment response and cure

Biomarkers for TB treatment response and cure are urgently required for proper management
of patients, as well as for clinical trials of novel drugs and vaccines. For the TB patients, 6 to
8 months of anti-TB therapy makes adherence very difficult and this long duration also puts
pressure on health care systems in developing countries as reported by Wallis et al. (2009).
Tools such as plasma biomarkers that provides an early indication of treatment efficacy
during chemotherapy or markers that stratify patients into risk groups requiring different
durations of treatment even prior to the start of therapy would improve therapeutic strategies
and possibly reduce drug resistance due to non-adherence. Multi-drug resistant (MDR)-TB
poses a threat to global control of TB this was reported by Lange et al. (2014) and has
reinforced the need to find biomarkers that indicate relapse-free treatment success. It will
also make it easier to focus more attention on patients who have a high risk of poor treatment
outcomes and ease pressure on healthcare systems, especially in developing countries this

was reported by Wallis et al. (2009).

Chemokines and cytokines are key molecules that regulate immunological responses, and
have been extensively studied in relation with their potential as diagnostic and prognostic

biomarkers for tuberculosis (Markos and Abebe, 2013).

Several studies have reported that the level of cytokines and chemokine in unstimulated
plasma or after stimulation with mycobacterium antigens could be used as an additional or
alternative to the existing tests in development of a rapid, sensitive and user-friendly test for
monitoring effective anti-tuberculosis therapy. Currently, polyfunctional CD4 and CD8 T
cells expressing multiple cytokines (IL-2, TNF-a and IFN-y) are being increasingly studied as
these cells may be involved in mediating protection and curative host responses in TB

(Caccamo et al., 2010)

In vitro levels of IL-10 and ratio of IFN- y/IL-10 in response to a recombinant 32-kilodalton
antigen of M. bovis BCG has been reported as a good marker in monitoring treatment of TB,
where the level of IL-10 decreases and the ratio of [FN-y/IL-10 increases after the treatment
(Sai et al., 2010). Another study reported utility of serial quantitative T-cell responses as
treatment monitoring tools as they showed a significant decline in IFN-y in the quantitative
result for both QFT-IT and T-SPOT.TB® after treatment (Chee et al., 2010). Other study has
also showed that the IP-10 response to RD1 selected peptides (similar to IFN-gamma) might



be a useful biomarker for monitoring therapeutic efficacy in patients with active TB this was

reported by Syed et al. (2011).

Several research studies have looked on the role of IFN-y levels as markers for monitoring
anti- TB therapy. However, these studies have reported varied results, mainly because a
complex network of other cytokines are involved and therefore, studies involving multiple

cytokines are needed.

Gamma interferon and IL-10 are considered among the main cytokines responsible for
protection and pathogenesis of TB, respectively. For example; High IFN-y/IL-10 ratios have
been shown to strongly correlate with protection and TB cure, whereas low ratios correlate
with disease severity. Interleukin -10 has been identified as an important clinical biomarker
for TB disease progression, as high levels at the end of treatment may function as a risk factor
for TB recurrence. Moreover, another association study by Xiong et al. (2016) demonstrated
that IL-6 was closely associated with TB patients, suggesting that IL-6 can serve as a

valuable biomarker for distinguishing TB patients from healthy individuals.

Tumor necrosis factor alpha has also been investigated in many studies on its role in immune
response during TB infection. It has been found that serum TNF-a levels are raised as
treatment progresses. However, TNF-a levels have been found to increase in severe TB, due
primarily to the fact that the initiation of therapy in individuals with severe TB often begins

with clinical deterioration before occurrence of clinical improvement.

2.6.1 Interferon gamma (IFN-y)

The cytokine interferon- gamma plays a pivotal role in protective immunity against
intracellular pathogens (Lalvani et al., 2008). Specifically, IFN-y is an important mediator of
macrophage activation (Flynn, 1993) due to its critical role in inducing macrophage synthesis
of enzyme inducible nitric oxide synthase (NOS2). Upon secretion by activated CD4 T cells,
IFN-y activates macrophages to generate nitric oxide and other reactive nitrogen
intermediates (RNIs), the best characterized anti-tuberculous effector molecules in humans
(Nicholson et al., 1996).

Since the strength of host immune response against Mtb infection is directly proportional to
the level of cellular CD4+ production of IFN-y (Feng et al., 1999). IFN-y level has been
widely used for diagnosis of TB infection following stimulation with Mtb specific antigens

(Goldsack et al., 2007) .

10



Due to its pivotal role in TB pathology, several studies have looked into the role of IFN-y
levels in monitoring reaction to anti- TB therapy. The increased level of [FN-y during anti-
TB treatment has also been demonstrated in other studies carried out in patients with TB
(Torres 1998; Turner and Dockrell, 2000). These studies however, reported varied results
mainly because it is known that IFN-y plays an important role against Mtb infection, a
complex network of other cytokines involvement (Lalvani and Millington, 2008) with

multiple cytokines that may need further studies.

2.6.2 Tumor necrosis factor alpha (TNF-a)

Tumor necrosis factor alpha (TNF-a) is one of the most important pro-inflammatory
cytokines, critical to the control of tuberculosis infection prior to initiation of the adaptive
immune response. It is produced mainly by macrophages in response to stimuli activating
toll-like receptors, but can as well be expressed by activating T cells, B cells, and NK cells
(O1d, 1988). In concert with IFN-y, it increases the phagocytic ability of macrophages and
enhances the killing of mycobacteria, and may also induce apoptosis of permissive
macrophages (Bekker et al., 2000). Baseline levels of TNF-a are thus thought to be low in
peripheral blood and high at the sites of infection during the early phase of active tuberculosis
infection. The importance of TNF-a especially in the early levels of TB infection had long
been shown in mouse experiments proving that they play a vital part in the establishment of
early granuloma (Bean et al., 2018). This was also reported by Biology (1999) but the cell
was unstimulated. However, the observation that there was an increased incidence of TB in
persons given anti-TNF-a treatment for autoimmune diseases was easily reinforced the
protective function of TNF-o in TB in human (Stenger et al., 2005). TNF-a has been
investigated in many studies exploring the immune response during TB infection and it has
been found that during the early stages of the disease, serum TNF-a levels are high and
decrease as treatment progresses (Kim et al., 2014). However, TNF-a levels have been found
to increase transiently in severe TB, due primarily to the fact that the initiation of therapy in
individuals with severe TB often begins with clinical deterioration (even death) before

improvement occurs (Bekker ef al., 1998).

Most studies on TB-antigen stimulated TNF-a responses reported a reduction in TNF-a
concentrations during treatment. This was consistent with study that used flow cytometry to

measure T-cell TNF-a responses (Kim ef al., 2014).
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2.6.3 Interleukin 10 (IL-10)

Interleukin-10 is a potent immunomodulatory cytokine that has been shown in vitro to
directly or indirectly affect multiple cell types, including macrophages, monocytes, dendritic
cells, CD4 T cells, and CD8 T cells (Moore et al., 2001). Its main biological function seems
to be limitation and termination of inflammatory responses and regulation of differentiation
and proliferation of several immune cells, such as T cells, B cells, natural killer cells, antigen-
presenting cells, mast cells, and granulocytes (Asadullah er al, 2003). Produced by
macrophages and T lymphocytes during infection with Mzb, IL-10 reduces the secretion of
interferon-gamma by T-cells through the negative regulation of IL-12 production and co-
stimulatory molecule expression (Kaphingst ez al., 2010). It also has a TNF-a opposite effect
by protecting against tissue damage and regulating inflammation and apoptosis (Rojas et al.,
1999). The interplay between IFN-y and IL-10 is so critical in that the IFNy/IL10 ratio
provides a useful objective marker for disease activity in TB and can be important in disease
management (Jamil et al., 2007). High IFN-y/IL-10 ratios strongly correlate with protection

and TB cure, whereas low ratios correlate with disease severity.

Recently, the secretion of Mycobacterium tuberculosis (MTB) enhanced intracellular survival
protein from MTB cells was reported, which possibly increased IL-10 expression (Eum et al.,

2010).

2.6.4 Interleukin 6 (IL-6)

Interleukin-6 is an important cytokine whose serum levels are commonly high in active
pulmonary tuberculosis. IL-6 screening in patients with TB may be useful in monitoring the
progress of infectious process and inferring the risk of progression to active disease
(Henrique et al., 2013). Interleukin-6 has been noted for having a relevant role in the
immunopathogenesis of tuberculosis. For instance, it is known for stimulating the secretion of
IFN-gamma, a crucial cytokine in the activation of macrophages infected with Mtb, although

the precise mechanism for such interaction still requires further clarification (Saunders et al.,

2000).

It is also secreted by macrophages infected with Mycobacterium tuberculosis, and is able to
inhibit the response to INF-gamma by non-infected macrophages adjacent to infected ones
(Nagabhushanam et al., 2018). These results revealed that IL-6 may be involved in inability

of the cellular immune response to eradicate the infection. This cytokine can also be harmful
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to mycobacterial infections, in so far as it is able to inhibit the production of TNF-a and
interleukin-1 beta (Schindler et al., 1990). However, some study that predominantly included
HIV-positive patients found no changes in IL-6 levels in tuberculosis patients (Silva et al.,
2013).

2.6.5 Interleukin 4 (IL-4)

In tuberculosis, cell-mediated immunity is responsible for eradication of mycobacteria. The
major mechanism for cell-mediated immunity is thought to activate the infected macrophages
by Thl-type cytokines, particularly interferon gamma. The protective effects of Thl-type
cytokines may be antagonized by Th2-type cytokines, primarily interleukin -4 (Lucey et al.,
1996).

The deleterious role of IL-4 in various infectious diseases, including leprosy and
leishmaniasis, has been ascribed to its suppression of the protective inflammatory response of

Thl-type cytokines (Lucey et al., 1996).
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Study Site

The study was conducted at Kibong’oto Infectious Diseases Hospital (KIDH) located at Siha
district in Kilimanjaro region. This is a National Tuberculosis hospital that receives patients

from all over the country especially complicated cases who are referred to this facility.

3.2 Study Design

This was a prospective cohort study that involved new patients diagnosed with pulmonary
tuberculosis. These patients were followed for two months, with measurements of their
plasma immune markers (IL-6, IL-10, [FN-y, TNF-a and IL-4) before and after two months

of anti-TB treatment.

3.3 Study Population

The study population comprised of new smear positive pulmonary TB patients aged 18 years
and above who were diagnosed at Kibong’oto Infectious Disease hospital during the study

period.

3.4 Inclusion Criteria

TB patients 18 years of age or older and newly diagnosed with sputum smear positive
pulmonary TB, including those co-infected with HIV and had ability to give informed

consent.

3.5 Exclusion Criteria

All Patients with extra pulmonary TB and who are very sick i.e. unconscious were excluded.

3.6 Administration of Informed Consent

Details of the study were discussed with potential study participants. These participants were
then given the informed consent form to read or the contents were translated into their local
dialect for them to read and consent. Participants were assured of the confidentiality of the
information and laboratory investigation results and that their participation in the study was

voluntary and they were free to withdrawal without any negative impact. This consent form
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was approved by the National Institute for Medical Research, NIMR. Those who were
satisfied with the explanation of the purpose of the research study and agreed to enroll in the
study were asked to sign or thumb-print the consent form. Details of sex, age, contact details,
HIV status, and previous history of tuberculosis were taken using a semi-structured

questionnaire.

3.7 HIV Testing

All study participants were offered voluntary counseling for HIV testing by trained health
personnel in accordance with the National TB control programme guidelines at the health
facilities. Appropriate post- test counseling and further treatment advice was offered to those

with positive results.

3.8 Sample Size

The desired sample size was 96 patients with total of 192 samples. Before starting antitb’s
total of 96 samples were collected and after two months of treatment another 96 samples

were also collected. The number of sample size was according to the budget was given.

3.9 Sample Collection
3.9.1 Blood collection, in vitro stimulation and Plasma preparation

Blood samples were taken at two-point intervals; before treatment (baseline), and at 2 months
post TB treatment. From each participant, 4mls of venous blood was collected using a syringe
and immediately 1ml of blood was dispensed in each 4 QFT-plus blood collection tubes (Nil,
TB1, TB2 and Mitogen) labeled with participant unique identification number. A 4-tube
system of QFT was used, including the negative control tube (Nil tube), positive control tube
(Mitogen tube), and TB-antigen tube (TB 1 and TB 2 tubes). Immediately after filling the
tubes, they were shaken ten times firmly enough to ensure the entire inner surface of the tube
was coated with blood, to dissolve antigens on tube walls at 25°C. Tubes were transferred to
a 37°C incubator for 16 to 24 hours. After incubation, the tubes were centrifuged for 15
minutes at 3000 rcf and lastly plasma samples were harvested by using a pipette and they

were transferred into cryotubes in which they were stored at -20°C until analysis.
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3.9.2 Simultaneous analysis of cytokine/chemokine biomarkers using Luminex

Immunology Multiplex Assay

The Multiplex Map Kit was used to quantify 5 different human cytokines and chemokines, in
accordance with the manufacturer’s instructions. The 5-plex consisted of IFN-y, IL-10, IL-4,
IL-6, and TNFa. The assay sensitivities for the 5-plex markers ranged from 0.1 — 0.4 pg./ml,
and 5 pg./ml for IL-2Ra and Granzyme B.

3.10 Reagent Preparation
3.10.1 Wash Buffer

In preparation of the wash buffer, 20 mls of wash buffer concentrates were added into 480

mls of distilled water to prepare 500 mls of wash buffer.

3.10.2 Diluted Microparticle cocktail Preparation

The microparticle cocktail vial was centrifuged for 30 seconds at 1000 g prior to cap removal,
followed by gentle vial vortexing to suspend the microparticles. The microparticles cocktail

of 500 microliter was diluted by using Diluent RD2-15ml in the mixing bottle provided.

3.10.3 Diluted Biotin Antibody cocktail preparation

The Biotin Antibody cocktail vial was centrifuged for 30 seconds at 1000 g prior to remove
of the cap, followed by gentle vial vortexing with precaution not to invert the vial. The Biotin
Antibody cocktail 500 microliter was then diluted by using Diluent RD2 5 mls, followed by

gentle mixing.

3.10.4 Streptavidin- PE Preparation

The polypropylene test tube was wrapped with aluminum foil to protect the streptavidin-PE
from light during handling and storage. The Streptavidin-PE vial was centrifuged for 30
seconds at 1000 g prior to remove of the cap, followed by gentle vial vortexing and 220

microliters of Streptavidin-PE concentrate was then diluted by using 5.35 mls wash buffer

(Fig. 3).
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Figure 1: Streptavidin- PE Preparations

3.11 Measurements of Biomarkers

Measurement of biomarkers was done after preparing all the reagents. The following steps

were involved in assay procedure:

6] 50 microliters of sample were added to each well, and a plate layout was provided to
record standards and samples assayed.

(ii))  The diluted microparticle cocktail was resuspended by vortexing, and then 50
microliters of microparticle cocktail was added into each well of the microplate. The
microplate was securely covered with a foil plate sealer, incubated for 2 hours at room
temperature on a microplate shaker set at 800 rpm. After that, it was washed by

applying the magnet to the bottom of the microplate, to allow 1 minute before
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removing the liquid from each well filled with 100 microliter wash buffer and
removing the liquid again. The washing procedure was done three times according to
manufacturer’s instructions.

(iii))  After washing, 50 microliters of diluted Biotin-Antibody were added to each well, and
the microplate was securely covered with foil plate sealer and incubated for 1 hour at
room temperature on the shaker set at 800 rpm. After that, it was washed again by
applying the magnet to the bottom of the microplate, to allow 1 minute before
removing the liquid from each well filled with 100 microliter wash buffer and
removing the liquid again. The wash procedure was done three times again.

(iv)  Fifty microliters of diluted Streptavidin-PE were added to each well securely covered
with a foil plate sealer and incubated for 30 minutes at room temperature on the
shaker set at 800 rpm.

) Microplate was washed again by applying the magnet to the bottom of the microplate
forl minute before removing the liquid from each well filled with 100 microliters of
wash buffer and removing the liquid again. The washing procedure was again done
three times.

(vi) 100 microliters of wash buffer were then added to each well, incubated for 2 minutes
at room temperature on a shaker at 800 rpm. Plates were finally read with a Luminex

instrument (Luminex 200) within 90 minutes.

3.12 Statistical Analysis

Data analysis consisted of computing the descriptive statistics for each study variable, and
then comparing them. To describe the demographic and clinical characteristics, we used
proportions or means. Analysis of descriptive and inferential statistics was done by using
GraphPad Prism version 3.02. The baseline data were compared with final data using
Wilcoxon Matched Pair test. Furthermore, Mann Whitney test was used to compare male and
female cytokine levels. The responses of five cytokines were compared using Friedman test —
which is a repetitive non-parametric One-way ANOVA alternative. In each case, a significant
level was set at 5% with 95% CI. The discriminative power of each biomarker for 2-months
smear status was analyzed using the receiver-operating characteristic (ROC) curve and area
under the ROC curve. The optimal cut-off value was set according to Youden’s index, which

depended on the maximized value of sensitivity plus specificity minus one.
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The power of cytokines to discriminate infection was tested by doing Receiver Operating
Characteristic (ROC) curve analysis, where the AUC of 0.5 was considered. Receiver
Operating Characteristic curve analysis was done using MedCalc version 18.10 — © 1993-
2018 MedCalc Software bvba. Logistic regression analysis was used to identify cytokines
associated with persistent smear positivity after 2 months of anti-TB treatment. Cytokine
levels were transformed into binary variables (according to Youden’s index) before being

entered into the logistic regression analysis.
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Participants’ characteristics

All ninety-six (96) participants were sputum smear positive, diagnosed by GeneXpert. During
monitoring at month two, sputum for microscopy AFB was used where ninety-five patients

were smear negative and one was smear positive (Table 1).

Table 1: Participant’s characteristics

Participant Age Gender GeneXpert results at diagnosis Smear result at Month 2
1 43 M Mtb detected medium Negative
2 23 M mtb detected high Negative
3 30 F mtb dwtected high Negative
4 25 M mtb detected medium Negative
5 20 M mtb detected medium Negative
6 23 M mtb detected low Negative
7 48 M mtb detected medium Negative
8 26 F mtb detected medium Negative
9 33 M mtb detected high Negative

10 37 F mtb detected low Negative
11 19 M mtb detected medium Negative
12 40 M mtb detected very low Negative
13 22 M mtb detected medium Negative
14 25 M mtb detected very low Negative
15 23 M mtb detected medium Negative
16 28 M mtb detected high Negative
17 24 M mtb detected low Negative
18 20 F mtb detected medium Negative
19 27 F mtb detected low Negative
20 42 M mtb detected high Scant (Positive)
21 35 F mtb detected high Negative
22 21 M Mtb detected medium Negative
23 29 M mtb detected very low Negative
24 26 M mtb detected high Negative
25 38 M mtb detected high Negative
26 35 M mtb detected low Negative
27 29 M mtb detected high Negative
28 33 M mtb detected very low Negative
29 30 M Mtb detected medium Negative
30 28 F mtb detected high Negative
31 45 M mtb detected low Negative
32 32 M mtb detected high Negative
33 27 M mtb detected high Negative
34 28 M mtb detected very low Negative
35 39 M Mtb detected medium Negative
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Participant Age Gender GeneXpert results at diagnosis Smear result at Month 2
36 22 M Mtb detected medium Negative
37 31 M mtb detected high Negative
38 36 M mtb detected very low Negative
39 24 M mtb detected low Negative
40 26 M mtb detected low Negative
4] 40 M Mtb detected medium Negative
42 37 F mtb detected low Negative
43 33 M mtb detected very low Negative
44 39 M Mtb detected medium Negative
45 22 F mtb detected very low Negative
46 35 M Mtb detected medium Negative
47 41 M Mtb detected medium Negative
48 26 M mtb detected high Negative
49 29 M mtb detected low Negative
50 25 M mtb detected high Negative
51 26 M Mtb detected medium Negative
52 31 M mtb detected low Negative
53 34 M mtb detected high Negative
54 25 M mtb detected very low Negative
55 38 F Mtb detected medium Negative
56 30 M mtb detected low Negative
57 27 M Mtb detected medium Negative
58 29 M Mtb detected medium Negative
59 20 M mtb detected high Negative
60 37 M Mtb detected medium Negative
61 22 M mtb detected low Negative
62 29 M Mtb detected medium Negative
63 31 F mtb detected very low Negative
64 46 M mtb detected high Negative
65 23 M Mtb detected medium Negative
66 28 M mtb detected high Negative
67 47 M Mtb detected medium Negative
68 26 M mtb detected very low Negative
69 25 M mtb detected high Negative
70 24 M mtb detected high Negative
71 29 M Mtb detected medium Negative
72 31 M mtb detected very low Negative
73 23 F Mtb detected medium Negative
74 27 M Mtb detected medium Negative
75 33 F Mtb detected medium Negative
76 43 M Mtb detected medium Negative
77 37 M mtb detected very low Negative
78 33 F mtb detected high Negative
79 27 M mtb detected low Negative
80 26 M mtb detected high Negative
81 29 M Mtb detected medium Negative
82 36 F mtb detected very low Negative
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Participant Age Gender GeneXpert results at diagnosis Smear result at Month 2
83 42 M mtb detected very low Negative
84 34 M Mtb detected medium Negative
85 26 F Mtb detected medium Negative
86 48 M mtb detected high Negative
87 37 M Mtb detected medium Negative
88 44 M mtb detected high Negative
89 22 M mtb detected low Negative
90 49 M Mtb detected medium Negative
91 28 F mtb detected high Negative
92 33 M mtb detected high Negative
93 38 M Mtb detected medium Negative
94 35 F Mtb detected medium Negative
95 32 M mtb detected low Negative
96 30 F Mtb detected medium Negative

4.2 Comparing plasma biomarkers at baseline and two months of anti TB treatment

Plasma biomarkers were investigated before starting treatment and after two months of

treatment to see if there were any changes or not.

The plasma biomarkers considered under the current study includes, IL-6, IL-10, IL-4, IFN-y

and TNF-a. The levels of different cytokines at the beginning and at 2 months after starting

treatment have shown significant changes at each level (Table 2). The treatment response of

tuberculosis patients resulted in increased [FNg and IL4 with decreased TNF, IL6 and IL10

(Fig. 4).
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Table 2: Descriptive summary of the cytokine’s levels before and after medication

Statistics Case Scores IFNg TNF L4 IL6 IL10

Baseline Final Baseline Final Baseline Final Baseline Final Baseline Final Baseline Final
Sample size 96 96 96 96 96 96 96 96 96 96 96 96
Symptomatic patients 96 15
Minimum 3 0 0.5 3.5 87 34.5 0.2 0.5 40 30 44 36
25% Percentile 4 0 3 10.25 105 63.5 1.6 1.7 75.75 46.5 75 50.75
Median 4 0 6.75 16.25 122 76 2.5 2.8 88.25 56.5 89.75 61
75% Percentile 4 0 38.25 50 192.5 85.5 52 5.2 105.5 69.75 101 70
Maximum 5 2 63 80 12265 10988 55 58 162 90 411 275
Mean 3.99 0.18 16.65 28.49 409.5 289.2 4.87 5.13 91.61 57.92 92.26 63.09
Std. Deviation 0.55 0.41 18.21 22.75 1654 1487 7.9 8.17 24.29 15 37.8 24.99
Std. Error 0.06 0.04 1.86 2.32 168.8 151.8 0.81 0.83 2.48 1.53 3.86 2.55
Lower 95% CI 3.878 0.09396 12.96 23.88 74.38 -12.06 3.27 3.475 86.69 54.88 84.6 58.03
Upper 95% CI 4.102 0.2602 20.34 33.1 744.5 590.6 6.472 6.784 96.54 60.95 99.92 68.15
Pvalue P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001
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Figure 2: Changes of cytokines levels after medication

4.3 To determine plasma biomarkers that can predict favourable treatment outcome.

After investigating what happened before and after treatment cytokines with favourable
treatment outcome was analysed so that it will be used as a monitoring tool during treatment

of Tuberculosis.

The responses of five cytokines varied significantly after treatment (P<0.0001), where IFN-y
was highest (123.6%) followed by TNF (41.5%) and IL4 (6.9%) the least (Table 6). This is
not enough to predict plasma biomarkers with favorable outcome so sensitivity and

specificity test was conducted.
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Table 3: Friedman test (non-parametric Repeated One-way ANOVA) results to compare median percentage responses across the five cytokines

Descriptive statistics of % changes IFN-y TNF IL4 IL6 IL10
Number of values 96 96 96 96 96
Minimum 11.29 10.37 -13.04 10 7.143
Median 123.6 41.49 6.905 33.69 30.68
Maximum 3100 94.68 166.7 65.91 56.12
Mean 215.2 44.92 14.77 35.58 30.8
Std. Deviation 355.7 18.52 27.23 11.99 8.509
Std. Error 36.3 1.89 2.779 1.224 0.8685
Lower 95% CI 143.1 41.17 9.251 33.15 29.08
Upper 95% CI 287.3 48.67 20.29 38.01 32.53
Friedman test

Pvalue P<0.0001

Friedman statistic 204.9
Dunn's Multiple Comparison Test Difference in rank sum P value Summary

IFNg %Change vs TNF_%Change 113 P <0.001 HoHk

IFNg %Change vs IL4 %Change 305 P <0.001 oAk

IFNg %Change vs IL6 %Change 163.5 P <0.001 oAk

IFNg %Change vs IL10_%Change 183.5 P <0.001 oAk

TNF _%Change vs IL4_%Change 192 P <0.001 HoHk

TNF_%Change vs IL6_%Change 50.5 P>0.05 ns

TNF %Change vs IL10_%Change 70.5 P <0.05 *

1L4 %Change vs IL6 %Change -141.5 P <0.001 oAk

1L4 %Change vs IL10_%Change -121.5 P <0.001 oAk

IL6 %Change vs IL10 %Change 20 P>0.05 ns

ns: Not significant *** highly significant * Significant
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Figure 3: Comparative percentage changes of levels of cytokines recorded after 2 months of
treatment of tuberculosis

The ROC curves were used to analyze the discriminating power of the cytokines against the
health status of study patients after medication. We saw that IFN-y (AUC=0.757, P<0001)
and IL6 (AUC=0.629, P=0.047) had the ability to distinguish sick and healthy individuals.
The corresponding sensitivity and specificity for each cytokine is shown in Table 3 and Fig.

4-7.
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Table 4: Sensitivity and Specificity of each Cytokine

IFNg TNF IL4 IL6 IL10
Sample size 96 96 96 96 96
Positive group * 16 (16.67%) 16 (16.67%) 16 (16.67%) 16 (16.67%) 16 (16.67%)

Negative group ®

Area under the ROC curve (AUC)
Standard Error*
95% Confidence interval ®

Z Statistic

Significance level P (Area=0.5)

Youden index J

Associated criterion

Sensitivity

Specificity

80 (83.33%)

0.757
0.0594
0.659 -0.839

4.336
<0.0001

0.4375
<8.5
75
68.75

80 (83.33%)

0.529
0.087
0.424 - 0.631

0.328
0.7431

0.1375
<58
68.75
45

27

80 (83.33%)

0.557
0.0879
0.452 - 0.659

0.653
0.5137

0.2625
>0.3
43.75
82.5

80 (83.33%)

0.629
0.0649
0.524 - 0.725

1.986
0.047

0.35
>27.5

87.5

47.5

80 (83.33%)

0.549
0.0884
0.444- 0.651

0.552
0.5807

0.175
<16

31.25

86.25
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4.4 To compare clinical presentation/symptoms at baseline and two months after anti-

TB treatment

To compare clinical characteristics/symptoms with smear results at baseline and after two
months of treatment. The study involved 96 people with clinical tuberculosis. A tuberculosis

case was defined by scores calculated by combination of symptoms and smear results.

The clinical symptoms/signs are as follows:
Cough, chest pain, fever, excessive night sweat and weight loss.

These are the cardinal signs of Tuberculosis that were used in scoring the patients so during
diagnosis all 96 patients had these symptoms and signs but after two months of treatment

they were reduced and most of the patients had mild cough only.

(i) The results from the study showed that all patients (equivalent to 100%) had
symptoms of tuberculosis before medication was initiated. After two months of
medication, patients with tuberculosis symptoms dropped significantly to 15.6%.

Similarly, median case scores decreased from 3.99 to 0.18 (P<0.0001) Table 5.

Symptems decreased from 100te 15.6% of patients with the Clinical scores
decreasing from 3.9 to 0.1 7 (P<0.0001)

Gase scores
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Figure 8: Graphical presentation of decreased tuberculosis case scores before and after
treatment within two months
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4.5 Discussion

This study enrolled 96 confirmed pulmonary TB patients and measured cytokine biomarkers
at diagnosis and 2-months after the start of anti-TB treatment. Several exploratory studies
have evaluated the potential of cytokine biomarkers for monitoring anti-TB therapy. TNF-a
has been one of the most studied cytokines in previous studies. The largest studies found that
TNF-a levels were increased during anti-TB treatment (Eum er al, 2010). However, other
study on TB-Ag-stimulated TNF-a responses to anti-TB treatment have consistently reported
a reduction in TNF-a levels in whole blood or peripheral blood mononuclear cells during
treatment (Petruccioli et al., 2013). In the current study, we found TNF-a responses to TB
specific antigens showed significant decreased tendency following anti-TB therapy. IL-10 is
an important anti-inflammatory cytokine reported to affect multiple cell types such as
macrophages, monocytes, dendritic cells, CD4+ T cells, and CD8+ T cells (Moore et al.,
2001). It inhibits CD4+ T cell responses by inhibiting the antigen-presenting cell function of
TB-infected cells (Mauricio et al, 1999). Recently, the secretion of Mycobacterium
tuberculosis enhanced intracellular survival protein from MTB cells was reported, which
possibly increases IL-10 expression (Duan et al., 2016). The studies that have evaluated the
role of IL-10 in TB infection, the findings are not consistent (Torres et al., 1998). There is
also a study reported that IL-10 levels increased with treatment (Eum ez al., 2010). However,
another large longitudinal study found a reduction in IL-10 levels in response to treatment
(Priya et al., 2009). In the current study, we found decreased IL-10 responses to TB specific
antigens following anti-TB therapy. This decrease may be due to modified cytokine

expression in infected individuals after treatment.

The current study was consistent with other findings where IL-6 decreased following anti-TB
treatment. IL-6 appears to be the only major cytokine elaborated by mycobacteria-infected
peritoneal macrophages in vitro, and thus may function as a potent biomarker for
mycobacterial infection, either as stand-alone or along with other cytokines (Singh et al.,
2013). There is a study that investigated the responses of IL-6 during anti-TB treatment with
decreased IL-6 in the first two months of treatment (Mattos et al., 2010). Other studies two of
which predominantly included HIV-positive patients found no change (Silva et al., 2013; Su
etal.,2010).

The increased levels of TNF-a, IL-10, IL-6 in active TB patients and their decrease following

therapy may suggest the transient induction of regulatory immune mechanisms leading to
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subsequent restoration of immune homeostasis. Significant decrease of these cytokines after
just two months of anti-TB treatment may thus be used as an indicator of successful
treatment, and hence bigger cohort studies with larger sample size are thus warranted, to
assess immune mechanisms behind their respective responses to treatment with longer

periods.

In this study, the average level of IFN-y obtained from the patients with pulmonary TB
increased significantly after two months of anti-tb treatment. The pleural fluid of TB patients
contained high number of IFN-y producer cells as reported by Raju ef al. (2001) and
suggested that these cells may migrate to the lung and pleural tissue during the active disease,
and therefore they may be reduced, temporarily, in the peripheral blood. This fact might
explain the lower levels of IFN-y found before the use of anti-TB drugs in this study.
However, in order to confirm this hypothesis, more techniques may be used to collect and

study pulmonary cells in infected individuals.

The increase in the productive capacity of IFN-y after the anti-TB treatment was also
demonstrated in other studies carried out in patients with TB (Mensah et al., 2014; Mustafa et
al., 2003). It is still unclear if the increased production of IFN-y after treatment is related to
cell stimulation by antigens released after the death of mycobacteria caused by
chemotherapy. The increased levels of IFN-y after the treatment in this study could be related
to the use of anti-TB treatment and that voids the Mycobacterium after healing, which
suggests an important role of the IFN-y in the immunological response against M.

tuberculosis.

We also found significant increase in the serum levels of IL-4. Some previous studies have
shown increased production of IL-4 in human TB patients, especially those with cavitary
disease (Surcel et al., 1994; Crevel et al., 2010; Ameglio et al., 2005). According to other
researcher, it still remains to be determined whether IL-4 causes or merely reflects disease
activity in human TB (Lin et al., 1996). Some studies showed no detectable IL-4 in any TB
patient and no significant difference in IL-4 level between TB patients and controls (Deveci
et al., 2005; Zhang et al., 1995). This finding also calls for a bigger study to show the specific
role of IL-4 in TB treatment.
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

From the results in this research work, the following recommendations and conclusions were
made; Cytokines plays important role in the pathogenesis of active pulmonary tuberculosis.
Effective chemotherapy improved cellular responses of TB patients after two months of anti-
TB therapy, as characterized by general increase and decrease in secretion of various
cytokines. Increase of IFN-y and IL-4, and decrease of TNF-q, IL-6 and IL-10. IFN-y can

predict favorable treatment outcome hence can be used in monitoring.
5.2 Recommendations

Future confirmatory studies should include a sufficiently large number of patients with active
TB infection, with cytokine concentrations measured over the entire course of treatment.

Cytokines can be measured as early as two weeks after starting anti-TB.
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Consent form

TITLE: ANALYSIS OF PLASMA BIOMARKERS AND THEIR
ASSOCIATION WITH TREATMENT RESPONSE IN PATIENTS WITH
TUBERCULOSIS

You are being asked to take part in a research study on “Analysis of plasma biomarkers and
their association with treatment response in patients with tuberculosis”. We are asking you to
take part in this study because you fit in the set criteria. Please listen carefully and ask any
questions you may have before agreeing to take part in the study.

What the study is about: The purpose of this study is to establish association between
plasma biomarkers (IL-6, IL-10, IFN-y, TNF alpha with treatment response in patients with
tuberculosis, and if there will be association it means these biomarkers will be also used as a
monitoring tools.

What we will ask you to do: If you agree to participate in this study, we will collect Sml of
your blood for analysis of plasma biomarkers (IL-6, IL-10, IFN-y, TNF-a and IL-4) before
you start treatment and after 2 months of treatment and all the results will be given to you.

Benefits: After participating in our study you will get to know your blood test results and in a
longer-term this is beneficial in improving monitoring investigation to patients with
tuberculosis, to plan and design an appropriate intervention for prevention and control of
tuberculosis to the whole community.

Compensation: There is no compensation for taking part in this study

Confidentiality: Your answers will be confidential. The records of this study will be kept
private. In any sort of report we make public we will not include any information that will
make it possible to identify you. Research records will be kept in a locked file; only the
researchers will have access to the records.

Taking part is voluntary: Taking part in this study is completely voluntary. If you refuse it
will not affect your health care at Kibong’oto hospital, current or future relationship with the
researcher or Nelson Mandela African Institute of Science and Technology, the District or
regional Council. If you decide to take part, you are free to withdraw at any time.
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Thank you very much for your participation in this study.
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3 Barack Obama Drive, P. O. Box 9653,
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Original Artic

Blood Cytokine Responses to Early Secreted Protein
Antigen-6/Culture Filtrate Protein-10 Tuberculosis Antigens 2
Months after Antituberculosis Treatment among Patients with

Drug-Susceptible Pulmonary Tuberculosis

Happiness Comel Myengl', Peler Masunga Mbsiale’, Joram Jesephat Buzs', Stellah Geerge Mpagama®. Eingaraml Saul’
"Department of Global Health and Biomedical Sciences, School of Life Science and Binengineering, Nekson Mandelz-Afnican InsSitution for Science and Technology,
Anssha, ¥ibong'oto Infectious Diseases Hospital, Kiimanjaro Clinical Aesearch Institute, Kiimanjzro, Tanzana

Backgreand: Human tuberculosis is a chronic infammatory dasease cansed by sovoobecierivm fnbercuiosis. Palmonary ubencubosis is ibe
result of the failure of host immene sysiem bo control mycehocierirm fubenculosis. The aim of the study was 0 asses the changes of ibe
cyiokines in active pubmonary inberculosis patienis before and afier the use of anti-TH therapy. Methods: Multiple cytokine responses in active
tuberoubosis { TH) patients were mvestigated in this study following anti-TH drug therapy afier 2 months. Minety-six participants with pulmonary
TE were engaged in ihe study between May 2018 amd October 2018, Samples of blood were taken carly before trestment at O and 2 months
after using anti-TH therapy. The kevels of interferon-gamma {1FN}-y, mierleakm-4 (IL-4), IL-6, [L- 1, and tumor necross facior {TNFa in
whaole blood plasma collected from the (QuamiF EROMN-TH Gold Plas were measured. Results: Compared with baselme levels, TNF-o. [L6 and
[L 10 weere significantly kewer following treatment whereas the 1FN-y and 1L increased significantly after trestment. The responses of five
cytokines varied significantly afber treatment (P < 0.0001 } whene [FMN-y was highest compared o other cytokines with 123.6%, AUC=0.75T
and P =< 0001, THF-a ALUC: 0,529 and P = 0.743, 114 AUC:0.557 and P = 0.514, [L-6 AUC:0.62%9 and @ = 0047, [L-10 ALUC:0.549 and P =
0.58 1. Conclusion: It iz concluded that changes of cytokines that observed during the treatment of TE patients play a very important role in
meonitoring pulmonary TH and can be suitable biomarkers to assess the effectiveness of anti-TE therapy in patients with TH.

Keywords: Antimubercubosis therapy. biomarkers. cytokines, palmonary ubsrcubosis, QuamiFERON-TRH Gold Plus

disease development.”™* Following anti-TB therapy, research
InTRoDUCTION has shown that the cytokine-mediated cell signaling is altered,
which ultimately leads to recovery of the TH infection.™ The
knowledge of understanding different cyiokines ai different
stages of TB infection is necessary in knowing the host
respanse after treatment. TB is an old disease, but still, there is
an urgent need of rapid and precise montonng tools to assess

Tuberculosis {TB) infection remains a major challenge
globally."! It is one of the leading infectious causes of death
worldwide’ ! responsible for an estimated 1.7 million deaths 4
In 2017, TB caused an estimated 1.3 million deaths among
HIV-negative people, and there were an additional 300,000
deaths from TB among HIV-positive people ™ Tanzania is one

of the highest burden countries with TB {among 30 countrics) Aodress fer comrespondesce: [n. Happinezs Comal Mhvungi,
in the world " Hibang'oto Infectious Diseases Hospital, P 0. Boo 12 Sia,
Mechamisms underlying host defense to Myveobacterium [E-mail: happinesscomel@gmail com
infection 1s poorly undersiood 7 In response to infection, ORCID:
host immune cells secrete a number of cyvtokines and hitps:Forcid. omyI000-0001-6527- 4887

chemokine signals™ which play active roles in initiation

and regulation of the immune response at vanous stages of  Thisis an openaccess journal, snd arvicles are distributed under The e of the Crathes
Cofemi Ao NosComman EharwAlin 40 Ucirce, which alltwd Sthars 1o
rumix, Twirak, and buld ugon the non-commerCially, as long as sspropriae credic
% groan arnil The i Cra T ane Boimseld wnder the idenTioal lismi

W phaita: Far pwprint conesct: tefrolifmalbnome oom
i ‘How to cise this article: Myvungi HC, Mbelsle PAL Buz 11, Mpagama S0,
1 Sauli E Hlood cytoki ponses i early proseinantip r
Dok ﬂ_mibm-ﬁplmlh-rm
104 B ey iy 30_1% ‘realment among patients with drug-susceptible pubmeorary uberoalosis.
It ) Mycobacteriol J019;K:53.9.
F © 2017 Iniemational Journal of Mycohacteriology | Published by Walters Klrwer - Medknow A
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the early response of anti-TB treatment. Sputum culture status
is the only acceptable biomarker for TB treatment response '™
but in resource-poor settings, the culture is unavailable. In
additional waiting for the culture results for 6- 8 wocks to
maonitor the response of anti-TB 15 a challenge. The Zichl-
Neelsen sputum for smear is the available tool for diagnosis and
the same ime monitoning in resource-poor sething even though
its himitations are well published.""! Sputum for smear 15 not
useful for monitoring anti-TB treatment response as it is unable
1o distinguish live from dead bacilli’'* Using sputum has its
limitation as for the patients with extrapulmonary TB and in
children. Furthermore after 2 months of anti-TB medication to
et quality sputum sample is difficult due to cough cessation or
reduction, patients end up giving inadequate volume of sputum
or excessive saliva, Given the limitations of using sputum for
monitonng treatment, blood has been suggested as alternative.

Cell-mediated immunity plays an important role in human
host defenses against TB.' The essential role of T cells in
protection against TH infection has been well-documented ™4
In this research, we studied changes of different cytokines
in pulmonary TB paticnts following anti-Th treatment after
2 months.

MerHoos

Ethical approval
The study was approved by the Mational Institate of Medical
Rescarch in Tanzania. All participants were given written
informed consent.

Study design and population

This was a prospective cohort study invelving two sites.
Participants with pulmonary TB were enrolled between May
2018 and October 2018. Patients were considered eligible
for inclusion if they were =18 years of age and had sputum
smear-positive pulmonary TB detected by GeneXpert.
Exclusion criteria includes participants who refused to provide
informed consent, participants with extra pulmonary TH,
and participants who were very sick i.e unconscious. The
QuantiFERON-TH Gold Plus (QFT-Plus) was performed
in each patient from the baseline (before starting treatment)
and at 2 months of anti-TB medication. The levels of
interferon-gamma (IFN-y), interleukin-6 (IL-6), IL-10,
IL-4, and tumor necrosis factor-a (TNF-c) were measured
consecutively in the plasma harvested from the QFT-Plus
tubes. All methods were camed out in accordance wath the

manufacturer’s instructions.

Diagnosis and pulmonary tuberculosis treatment

The dingnosis of pulmonary TB was made based on clinical and
microbiological status. Active pulmonary TH was confirmed
using GeneXpert as derved from respiratory specimen (sputum ).
The standard regimen of fixed-dose combination of rifampicin,
isoniarid, ethambutol, and pyrazinamide was used, and the
dosage was given according to body weight of the patients.
The duration of treatment was 6 months.

Plasma preparation using QuantiFERON -Tuberculosis
Gold Plus

The preparation of plasma samples was performed using the
QFT-TB Gold Plus tubes according to the manufacturer’s
instructions. For each patient, 1 ml of blood by venipuncture
directly into each QFT-Plus blood collection (nil, TB1, TB2,
and mitogen) where THI and TH2 tubes had specific TH
antigen early secreted protein antigen-6 {ESAT-6), culture
filtrate protein-10 (CFP-10), and the blood was incubated
within 16 h at 37%C of blood collection. The plasma samples
were harvested after centrifugation and stored below —20°C
umti] use.

Human 5-Plex Magnetic Luminex Assay

The plasma which was stored below —20°C was removed
from the freczer and kept to room temperature until all ice
were completely melted. The assay of all cviokines, such
as IFN-y, IL-6, IL-4, IL-10, and TNF-a, were performed
using Human Premixed Multi-Analyte Kit with the catalog
number LXSAHM, and multiplexing analysis was done using
Luminex™ 200 system. All the samples and reagents were
prepared according to the manufacturer's protocol.

Slatistical analysis

The analysis of data consisted of computing descriptive
statistics for cach study variable and then comparing them.
Analysis of descriptive and inferentinl statistics was done
using GraphPad Prism version 3.02. The bascline data were
compared with final data using Wilcoxon matched-pair
test, The responses of five eytokines were compared using
Friedman test - a repelitive nonparametric one-way ANOVA
alternative. In each case. a significant level was set at 5%
with 95% confidence interval. The power of cytokines to
discriminate infection was tested by doing receiver operating
charactenistic {ROC) curve, where area under the curve (ALUC)
of 0.5 was considercd. ROC curve analysis was done using
MedCale version 18.10—0 1993-2018 MedCale Software
bvba.

Resuurs

The study involved 96 people with pulmonary TB. A TB
case was defined by scorces caleulated by combination
of symptoms and smear results. The results from the
study showed that all patients {equivalent to 100%) had
symptoms of TB before medication was initiated. Afier
2 months of medication, patients with TB symptoms
dropped significantly to 15.6%. Similarly, median
case scores decreased from 3.99 to 018 (P < 0.0001)
[Table 1 and Figure 1].

A indicated in Table | and Figure 2, the result showed significant
changes of initial levels of cach cytwokine (P = 0.0001).
Treatment of TB resulted into increased IFN-y from 6.75 to
16.25 pg/ml and IL-4 from 2.5 to 2.8 pg/ml and the decreased
TNF- from 122 to 76 pg/ml, 1L-6 from 88.25 to 56.5 pg/ml,
and IL-10 from §9.7 to 61 pg/ml [Figure 2]. The percentage
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Symptam decramed from 100 to 15.6% of patienty with the
Clinical seanei decreaning from 3.9 ta 01T P=00001)

Troutrarn morvionng perod

Figure 1: Graphical presentation of decrease of tubssoulosis case scors
before and after trestment within 2 months

!.
1'

Figure 2: Changes of cyiokine levels after medicabon {from month 0 1o
maonth 2). IFN-y. Interferon-gamma, TNF: Tumor necrosis facior, IL-4:
Interewkin-4, IL-6: Interleukin-g, IL-10: Intereukin-10
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Figure 3: Comparaive pemcentage changes of the levels of cytolines
reconded after 2 monthes of uberculosis reatment. Y-y Inte

TNF: Tumar necrosis factor, IL-4: Inferewkin-4, IL-B: Intereukin-B,
IL-10: Inderfeukin-10

response for cach cytokine 15 presented in Table 2 and Figure 3.
Asindicated in Table 2, the responses for five cytokines varied
significantly after trestment (P < 0.0001), where IFN-y was
haghest compared to other cytokines. The percentage responscs
are summarized in Figure 3, indicating that IFK-y had the
highest response of 123.6%, followed by TNF-a (41.5%),
IL-6 (33.7%), IL-10 {30.68%), and IL4 (6.9%). The ROC
curves were used to analyze the discnmmating power of
the cytokines against the health status of study patients after

medication. We saw that IFN-y (AUC = 0.757, P < 0001 ) and
IL-6 {AUC = 0620, P = 0.047) had the ability to distinguish
sick and healthy mdividuals. The cormesponding scnsitivity
and specificity of each cytokine is shown in Table ¥ and
Figures 4-9.

Discussion

The profile of eytokine secretion in response to mycobacteria
infection has been studied to identify immunological changes
in active TB. Changes in cvtokines could be designed as
imporiant biomarkers for monitoring progress of the patients
with TB.

There have been several studics that explained about the
importance of cytokines as a bromarker for monitoring the
progress of the patients using anti-TB. Previously, the most
studied cytokine was THF-c. One of the largest studics found
that TNF-a mereased afier the use of anti-TB treatment !
On Other studies where Tumor necrosis factor alpha was
stimulated with TB- specific antigens reported o decrease
after the use of anti-TB medication =% In our study, we
found that after the stimulation of the cells with TB-specific
antigens ESAT-6/CFP-10, TNF-ot decreased following

anti-TB therapy.

IL-10 is an important anti-inflammatory eytokine reponed to
affect multiple ccll types, such as macrophages, monocyies,
dendnitic cells, CDM+ T-cells, and CT+ T-cells. = It inhabats
CD4+ T-cell responses by inhibiting the antigen-presenting
cell function of TB-infected cells "*#' Recently, the secrction
of Mycobacterium tuberenlosis (MTB)-enhanced imtracellular
survival protcin from MTB cclls was reported, which possibly
increases [L-10 expression. " Findings from different
studies that have reported the role of IL-10 i TB infection are
inconsistent.**"* Ome study reported that IL-10 mercased
with treatment."* Om the other hand. another longitudinal
study reported the reduction in IL-10 levels after being in
treatment # In this study, we found that IL-10 affer being
stimubated with TB-specific antigens decreased after anti-TB
treatment. This decrease may be due o modified eytokine
expression m infected mdividuals after treatment 11

IL-6 appears to be the major cytokine claborated by
mycobactena-infected peritoneal macrophages(PMs) in vitre
and thus may function as a potential biomarker of mycobactenal
infection, either stand-alone or along with other cytokines =1
Several studies have investigated the responses of 1L-6 dunng
anti-TB therapy'™ Some studics reporied decreased [L-6 dunng
the intensive phase of anti-TH therapy "= Other studies (two
of which predominantly mcluded HIV-positive patients) found
no change of IL-6.'**1 In this study, IL-6 nds to decrease
following anti-TB treatment. The mereased levels of these three
cytokines, such as IL-6, 1L- 10, and TNF-w, in active TB paticnts
and their decrease following anti-TH treatment might be duc to
temporary stimulation of regulatory immune mechamsms that
can lead to subsequent repair of immune homeostasis,

al Journal of Mycohacieriology | Volume B | lssoe | | Jammry-March 20018
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Table 1: Descriptive summary of cytoking's levels before and after medication

Stathstlcs _ Case scores IFN-i THF-u L4 L& IL10
Baseline  Fimal Baseline Final Baseline Final Baseline Final Basellne Final Baselime Final
Sample size 6 96 9t 9t £ ] 96 ko]
Symplomatic patients 96 I5
Mimimuny 3 1} [ K] 15 .7 345 0.z 0.5 A0 30 ] 6
15% percentile 4 1] 3 025 105 3.5 ] L7 75.75 6.5 ] 3075
Median 4 1] 6.75 16.25 12 T 15 18 BE.25 56.5 BQ.75 &l
75% percentile 4 1 3825 50 192.5 B5.5 53 52 5.5 69.75 101 b
Maximun 5 1 63 iy 12265 |D9ER 55 5B 162 o 4l 5
Mean 199 I8 1665 18.4% 4095 259.2 487 513 a1l im 92 6309
Sid. Dieviation 0.55 4l 18.21 .75 L6854 1487 19 B17 M 15 38 459
Sid. Ermmor (L L) LB 112 168.8 151.8 0.8l 0L.E3 148 1.53 3B 155
Lower 95% o 1878 009396 1286 21388 T4.38 12.06 an 3475 Bifi.69 34BR B4 Bm
Upper 95% ci 4102 02600 34 il T44.5 5006 6472 6TR4 9654 6005 0092  &K15
P P 0001 L] Pl 0001 Pl 0001 P01 P 0001
IFMg
100 100
L )
)
e g 3 H
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- AUC = 0757 -
P <0001
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Flgure 4: Sensitivity and specificity for interferon gamma
which also show area under the curve in receiver operating =i
with P value. IFNg: Interferon gamma, AUC: Area under e curve, P P
value
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fhe curve in receiver charactenstics with P value. IL-4: Interleukin
4, ALC: Area under the curve, P: P value

Figure & Sensitivity and specificity for IL-4 which alsa show area nder
apersing

Figure 3: Sensitivity and specificity for fumar necrosis factor which also
show area under the curee in receiver operating characteristics with P
walue. TNF: tumar necrosis factor alfa, AUC: Area under the curve, P
P value
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Figure T: Sensitivity and specificity for IL-6 which alza show area under
fhe curve in receiver operaing characieristics with P value. IL-6: Intedeukin
6, AUC: Area under the curve, P: P valug
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Table 2: Friedman iest {non-parametric Repeated One-way AMOVA) resulis o compare median perceniage responses

across the five cytokines
Descriptive siafistics of % changes 1FM-i THF-a L4 L& IL10
MNumber of values 6 £ L L 96
Mimimum 1.9 1037 1304 1 7143
Median 1236 41.4% 6,005 3169 5068
Maximum 300 9468 166.7 6591 56.12
Mean 21532 449 1477 1558 LR
Sad. Deviation 3557 18.52 e 1.99 B.509
Sad. Exvor 363 1.B% 1T 1224 (L.E6RS
Lower 95% CI 143.1 4117 9151 3as 29.08
Uipper 95% C1 873 48.67 039 3800 1253
Friedman iest
Peoll 0]
249
Ditferance In rank sum P Summary
IFMg “aChamge vs TNFY Change 113 Feonnl wEr
IL10 100
100 |-
BO -
a0l
[ 80
§ =
= 40k
ﬁ 40 — IFMNg
q —— THF
20 20 — L4
b AUC = 0.549 - LB
P = 0.581 e ILID
] . S R ———— —— o i L
a 20 40 60 80 100 Q 20 40 B0 B0 100
100-Specificity 100-Specificity

Figure 8: Sensitivity and specificity for IL-10 which show area under the
curve in receiver operating characteristics with P value. IL-10: Infarauiin
10, AUC: Area under the curve, P- P value

In our study. the level of IFN-y found from the participants with
active pulmonary TH increased significantly after 2 months
of anti-TB therapy. Several studies reported that the pleural
fluids of patients with TH have a high number of IFN-winduced
cells: = this suggest these cells move to the pleural tissue
and lungs during the active phase of the disease, and hence,
they may be low temporanly in the blood. This explaims the
reason of lower level of IFK-y obtained before the use of
medication (anti-TE) in our study. To support our results there
are other studies reported the increase of Interferon gamma
affter the anti-TB therapy, Pe=22221

In this study, the increase of IFN-y after 2 months could
be due to the use of anti-TB therapy that cleared out the
Mycobacterium, and this sugpests the important role of IFN-y
in the response of immunity against MTHB.

Wi found a slight increase of IL-4 i our study. Some studics
reported an increased level of 1L-4 m patients with pulmonary

Figure 9: Combined for all cytokines. Sensitivity and specificty of 5
cyiokines which also show area under the curve in receiver operating
characienstics with P value of each cytokine. IFN-y: Inlerferon-gamma,
TNF: Twmar necrosis facior, IL-4: Interlewian-d, IL-6: Interewion &,
IL-10: Intereukin 10, AUC: Area wnder the curve, P: P value

TB, especially those who had cavities in their lungs ?+1
Sull. it 1s not well explainable if IL-4 mirrors disease activity
in human 7 Many studics reported that no IL-4 level was
detected in patients with TH, and also, there is no significant
difference in IL-4 levels between patients with TB and healthy
individuals. ™1

Our study had some limitation such as small sample size
{only 96 participants) and this is due to limited cases that met
inclusion criteria and also few cytokines tested (5 cytokines).
‘We could not continue with the study further up to 5 months
of anti-TB where another blood samples could be taken which
would allow us to observe the changes in cytokimes up to the
end of anti-TB therapy may be 1t would help to describe the
better immunological changes up to the end of treatment to
our participanis.

ational Journal of Mycohacteriology | Volunse 8 | lssue | | Jaswary-March 2013
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Table 3: Sensitivity and Specificity of each Cytokine

IFH-2. THF-a L4 Lo IL10
Sample size % % [ % [
Pasitive group 16 {16.67%) 16 16.67%} 16 {16.67%) 16 {16.6T%) 16 16.67%}
Negative group 0 (81.33%) B0 (B3, 33%) B (£333%) 0 {83.33%) B (R3.33%)
Area under the ROC curve (AUC) a7sT 0529 0557 069 0,549
Standard Eor- 00594 0.087 0.0879 00649 0.0884
5% Conbidence imerval® 0659 10 0,839 0.424 1o 0631 0.452 o 0,659 053 0 0TS 0444 1o 0651
7 statistic 43% 0.328 0,653 1586 0,552
Significance level P | Arca=0.5) =0,0001 07431 05137 0047 05807
Youden index § 04375 1375 0.2625 0is 0175
Associzted crilevion <h3 <58 =03 >11.5 <l
Sensitivity i3 68,75 178 £TE 31,35
Specificity 6875 45 gLS a5 86.25

review. Tuberculosis (Edink) 20159521 728,

Concuusion 2 Perer-Veler CM. Pediairic tuberculosis ad

From the results of this research work, cytokme has a major
role in immunological response during the pathogenesis of
pulmonary TB. The use of anti-TH therapy effectively can
cause immunological response in TE patients afier 2 months
of treatment which can be categorized by increase and decrease
in secretion of cytokines these are IFN-y, IL-4, and TNF-t,
IL-6, TL-10 respectively. The studied markers herein can still
be used to predict/determine carly anti-TB response, which is
crucial in determining whether a given treatment is effective
or not, which may then help reduce unnecessary treatment cost
that may be incurred in nonresponsive/resistant treatments.

Future studics should mclude a large number of participants,
and 1f possible, all forms of TB {pulmonary and extrapulmonary
TB)and cytokime levels measured the entire course of anti-TB
treatment. Finally, the cytokine concentration can be measured
as early as 2 weeks after starting anti-TB.
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Introduction

* Tuberculosis is a chronic inhalational infectious bacterial disease caused by Mycobacteria
tuberculosis complex .

» TB s the ninth leading cause of death worldwide, and the leading cause from a single
infectious agent, ranking above HIV/AIDS

* Tanzania is one of the highest burdens of TB among 30 countries in the world(WHO
,2017)

» Cytokines are proteins that can alter the behavior or properties of the cell itself or of
another cell.

* Inflammation process in patients with Tb is mediated by activation of the immune system,
with excessive production of cytokines.

* cytokines play important role in the pathogenesis of active pulmonary tuberculosis and can
be useful biomarkers .

* The increased level of IFN-y in the supernatant
after treatment may therefore be useful
biomarker for monitoring therapy in active TB
patients.

* Also increase of IL-6 level can be used as the
diagnosis in TB patients and its decrease can be
a monitor tool to TB patients.

* References

WHO. (2017). Global Tuberculosis Report 2017.

* Sputum acid fast bacilli and Sputum culture are the most common TB biomarkers
currently used to monitor pulmonary TB patients.

* These methods have disadvantages and they have been over 100 years.

* There is urgent need to identify blood biomarker for monitoring TB patients.
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