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risk related to their use. It is an essential process for ensuring

Pharmacovigilance is an essential practice in order to detect
these ADRs and manage hem according to the guidelines laid out by the regulatory agencies.
ADRs in the treatment of TB, be it Primary TB or MDR or XDR-TB are a common
occurrence more so in the case of MDR and XDR-TB as the second line drugs used in the
treatment of TB have a high toxicity profile. The most common ADR associated with use of
anti-tubercular drugs is gastrointestinal problems including nausea, vomiting and
gastrointestinal irritation. Other ADRs such as psychosis, hepatootxicity, peripheral
neuropathy, Ototoxicity, vision problems, Arthralgia and skin reactions are also observed
with the patients undergoing treatment for TB. Management of ADRs is one of the most
essential step as proper management can improve the condition of the patient quickly and

with affective management the ADRs associated with the use of anti-tubercular drugs can be
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significantly.
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Drug Reactions.

INTRODUCTION

Tuberculosis (TB) is a highly infectious airborne disease caused by the bacterium
Mycobacterium tuberculosis (M. tuberculosis). M. tuberculosis and seven very closely related
mycobacterial species (M. bovis, M. africanum, M. microti, M. caprae, M. pinnipedii, M.
canetti and M. mungi) together comprise what is known as the M. tuberculosis complex.
Most, but not all, of these species have been found to cause disease in humans. In the United
States, the majority of TB cases are caused by M. tuberculosis. M. tuberculosis organisms are

also called tubercle bacilli.™!

Figure 1: Mycobacterium Tuberculosis.

It primarily affects the lungs, but can also target other parts of the body, such as the kidneys,
spine, and brain. TB is a major global health issue, with an estimated 10 million people
falling ill and 1.4 million dying from the disease in 2019 alone. It is also one of the top 10
causes of death worldwide and the leading cause of death from a single infectious agent,
according to the World Health Organization (WHO).!! Despite the availability of effective
treatments, TB remains a significant global health challenge, particularly in low- and middle-
income countries. Factors contributing to the ongoing burden of TB include poverty,
malnutrition, weakened immune systems, and inadequate access to healthcare and TB
medications. The emergence of drug-resistant strains of TB also presents a significant
challenge to TB control efforts. There have been significant advances in the diagnosis and

treatment of TB in recent years, including the development of new diagnostic tests and drug
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regimens. However, ongoing efforts are needed to improve access to these interventions and

to address the underlying social determinants of TB, such as poverty and lack of education.

Epidemiology of Tuberculosis

Tuberculosis (TB) is a global public health problem, with an estimated 10 million cases and
1.4 million deaths in 2019. TB is most prevalent in low-income and middle-income countries.
TB is primarily spread through the air when an infected person coughs, sneezes, or talks. TB
is not spread through casual contact, such as shaking hands or sharing food or drinks. TB is
more likely to be transmitted in overcrowded, poorly ventilated settings, such as prisons,
hospitals, and homeless shelters.”*! Factors contributing to the persistence of TB include
poverty, malnutrition, crowded living conditions, inadequate healthcare systems, and a lack
of access to diagnostics, drugs, and vaccines. Additionally, the emergence of drug-resistant
TB poses a significant threat to TB control efforts, particularly in low-income and middle-

income countries.>®

Factors affecting Tuberculosis

Tuberculosis (TB) is a complex disease that is influenced by a variety of factors, including

host, environmental, and pathogen-related factors. Some of the key factors that can increase

the risk of TB include.l’*

1. HIV infection: People living with HIV are at a higher risk of developing TB due to
weakened immune systems.

2. Malnutrition: Poor nutrition can weaken the immune system and increase the risk of
developing TB.

3. Diabetes: Diabetes is a known risk factor for TB, as it weakens the immune system and
can lead to complications that increase the risk of developing TB.

4. Smoking: Tobacco smoking has been shown to increase the risk of developing TB and
can worsen TB symptoms.

5. Alcohol abuse: Alcohol abuse can weaken the immune system and increase the risk of
developing TB.

6. Overcrowding and poor living conditions: TB is more likely to be transmitted in
overcrowded, poorly ventilated settings such as prisons, hospitals, and homeless shelters.

7. Healthcare-related factors: Poor infection control practices in healthcare settings can
contribute to the spread of TB.

8. Drug-resistant TB: The emergence of drug-resistant TB poses a significant threat to TB
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control efforts, particularly in low-income and middle-income countries.l’-*!

Mode of Transmission

j

Figure 2: Airborne Transmission of Mycobacterium Tuberculosis.

Once inhaled, TB bacteria can settle in the lungs and begin to multiply, leading to the
development of active TB disease. Active TB can then be transmitted to others through the
air. However, not everyone who is infected with TB will develop active TB disease. In some
cases, the immune system is able to control the infection, leading to latent TB infection.
People with latent TB infection do not have symptoms and cannot spread TB to others, but
they are at risk of developing active TB disease in the future if their immune system becomes

weakened.[*4

Pathogenesis of Tuberculosis

Infection occurs when a person inhales droplet nuclei containing tubercle bacilli that reach
the alveoli of the lungs. These tubercle bacilli are ingested by alveolar macrophages; the
majority of these bacilli are destroyed or inhibited. A small number may multiply
intracellularly and are released when the macrophages die. If alive, these bacilli may spread
by way of lymphatic channels or through the bloodstream to more distant tissues and organs
(including areas of the body in which TB disease is most likely to develop: regional lymph
nodes, apex of the lung, kidneys, brain, and bone). This process of dissemination primes the

immune system for a systemic response.!*

Signs and Symptoms of Tuberculosis

Tuberculosis (TB) can affect any part of the body, but it most commonly affects the lungs.
The signs and symptoms of TB can vary depending on the type of TB and the part of the
body that is affected. The most common symptoms of pulmonary TB include:!**?!
1. Persistent cough that lasts for more than three weeks.

2. Chest pain.
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3. Coughing up blood.
4. Fatigue.

5. Fever.

6. Night sweats.

7. Loss of appetite.

8. Weight loss.

Diagnostic Tests of TB

1. Sputum smear microscopy as a test for TB

Smear microscopy of sputum is often the first test to be used in countries with a high rate of
TB infection. Sputum is a thick fluid that is produced in the lungs and the airways leading to
the lungs. A sample of sputum is usually collected by the person coughing. Several samples
of sputum will normally be collected. In 2012 it was suggested that two specimens can be
collected on the same day without any loss of accuracy.”??® To do the test a very thin layer
of the sample is placed on a glass slide, and this is called a smear. A series of special stains
are then applied to the sample, and the stained slide is examined under a microscope for signs
of the TB bacteria. Sputum smear microscopy is inexpensive and simple, and people can be
trained to do it relatively quickly and easily. In addition the results are available within hours.
The sensitivity though is only about 50-60%. In countries with a high prevalence of both
pulmonary TB and HIV infection, the detection rate can be even lower, as many people with
HIV and TB co- infection have very low levels of TB bacteria in their sputum, and are
therefore recorded as sputum negative.!?*3

2. Fluorescent Microscopy

The use of fluorescent microscopy is a way of making sputum tests more accurate. With a
fluorescent microscope the smear is illuminated with a quartz halogen or high pressure
mercury vapour lamp, allowing a much larger area of the smear to be seen and resulting in
more rapid examination of the specimen. One disadvantage though is that a mercury vapour
lamp is xpensive and lasts a very short time. Such lamps also take a while to warm up, they
burn significant amounts of electricity, and electricity supply problems can significantly
shorten their life span. One way of overcoming these problems is the use of light emitting
diodes (LEDs). Th se switch on extremely quickly, have an extremely long life, and they

don’t explode.

In 2011 the World Health Organisation issued a policy statement recommending that con
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entional fluorescence microscopy should be replaced by LED microscopy. It also
recommended that in a phased way, that LED microscopy should replace conventional Ziehl-
Neelsen light microscopy.!®*

3. Chest X-ray

If a person has had TB bacteria which have caused inflammation in the lungs, an abnormal
shadow may be visible on a chest x-ray. 12 Also, acute pulmonary TB can be easily seen on
an X-ray. However, what it shows is not specific. A normal chest X-ray cannot exclude extra

pulmonary TB.

4. TB Interferon gamma release assays (IGRAS)

The Interferon Gamma Release Assays (IGRAS) are a new type of more accurate test. In this
context referring to an assay is simply a way of referring to a test or procedure. IGRAs are
blood tests that measure a person’s immune response to the bacteria that cause TB. The
immune system produces some special molecules called cytokines. These TB tests work by
detecting a cytokine called the interferon gamma cytokine. In practice you carry out one of
these TB tests by taking a bloo sample and mixing it with special substances to identify if the
cytokine is present. Two IGRAs that have been approved by the U.S. Food and Drug
Administration (FDA), and are commercially available in the U.S., are the QuantiFERON®
TB Gold test, and the T- SPOT® TB test.

The advantages of an IGRA include the fact that it only requires a single patient visit to carry
out the TB test. Results can be available within 24 hours, and prior BCG vaccination does not
ause a false positive result. Disadvantages include the fact that the blood sample must be
processed fairly quickly, laboratory facilities are required, and the test is only for latent TB. It
is also thought that the IGRAs may not be as accurate in people who have HIV. In low
prevalence resource rich settings, IGRAs are beginning to be used in place of the TB skin

test.

5. Serological tests as a test for TB

Serological tests are carried out on samples of blood, and they claim to be able to diagnose
TB by detecting antibodies in the blood. However, testing for TB by looking for antibodies in
the blood is very difficult. As a result serological TB tests, sometimes called serodiagnostic
tests, are inaccurate and unreliable. The World Health Organisation has warned that these

tests should not be used to try and diagnose active TB. Some countries have banned the use
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of serological or serodiagnostic tests for TB. Serological tests for TB are very different from
the IGRA tests described above.!**%

6. Molecular tests

Some new molecular tests such as the Genexpert test and the TrueNat test are now available.
The TrueNat was approved by the World Health Organisation (WHO) in 2020. The WHO
has produced guidelines on the use of different tests.

7. Tests for TB summary

There is no single test that can be used to test for TB in all circumstances. Some tests are
cheap but not very accurate. Some can only be used to test for TB and cannot test for drug
resistance. Others such as the TB culture test, the new Genexpert and the TrueNat group of

tests can be used to diagnose TB and they can also test for some types of TB drug resistance.

Anti-Tuberculosis Drugs
First Line

] Rifampin

[J Isoniazid

[J Pyrazinamide

[1 Ethambutol

Second Line

[ Kanamycin (discontinued use in the USA)
] Streptomycin

[ Capreomycin

[] Amikacin

] Levofloxacin

[ Moxifloxacin

[0 Gatifloxacin

MDR-TB

[J Bedaquiline
[J Delamanid
(1 Linezolid

0 Pretomanid
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Treatment of Tuberculosis

Tuberculosis (TB) is a treatable and curable disease, but treatment requires a combination of

drugs that must be taken for several months. The drugs used to treat TB are called anti-TB

drugs and they work by killing the bacteria that cause TB. The most commonly used anti-TB

drugs include:

[36]

1. Isoniazid (INH)

2. Rifampin (RIF)

3. Ethambutol (EMB)
4. Pyrazinamide (PZA)

Prevention and Control of Tuberculosis

Prevention and control of tuberculosis (TB) involves a combination of measures aimed at

reducing the incidence and spread of the disease. The World Health Organization (WHO) has

developed a comprehensive strategy for TB prevention and control, known as the End TB
Strategy, which aims to reduce TB deaths by 90% and TB incidence by 80% by 2030. (11)

Some key measures for TB prevention and control include:
1.

[37-43]

Vaccination: The BCG vaccine is a widely used vaccine for TB prevention, particularly
in children. While the BCG vaccine is not 100% effective in preventing TB, it can reduce
the risk of severe forms of TB, such as TB meningitis and disseminated TB.

Early diagnosis and treatment: Early detection and treatment of TB can prevent the
spread o the disease and improve outcomes for patients. This involves screening for TB in
high-risk populations, such as those living in areas with high TB incidence or those with
HIV, and providing prompt diagnosis and treatment to those who test positive.

Infection control: TB is primarily spread through the air when an infected person coughs
or sneezes. Infection control measures, such as good ventilation, isolation of patients with
infectious TB, and use of masks by healthcare workers, can help prevent the spread of
TB.

Addressing social determinants of TB: Poverty, malnutrition, and overcrowding are all
risk factors for TB. Addressing these social determinants of TB, such as through
improved housing, access to education, and poverty reduction programs, can help reduce
the incidence of TB.

Treatment of latent TB infection: Some individuals may have latent TB infection,
which means they have been infected with TB bacteria but do not have active TB disease.

Treating latent TB infection can prevent the development of active TB disease in these
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individuals.

6. Collaboration between healthcare sectors: TB prevention and control requires
collaboration between healthcare providers, public health officials, and community
organizations. This may involve initiatives to increase awareness of TB, improve access

to healthcare, and strengthen healthcare systems.

Pharmacovigilance

Pharmacovigilance is the practice of monitoring the safety and efficacy of drugs in order to
identify and mitigate potential risks associated with their use. The World Health Organization
(WHO) defines pharmacovigilance as &quot;the science and activities related to the
detection, assessment, understanding, and prevention of adverse effects or any other drug-

related problem.&quot;*4

The process of pharmacovigilance involves the collection and analysis of data from a variety
of sources, including spontaneous reports from healthcare professionals and patients, clinical
trials, and epidemiological studies. This data is then used to identify and evaluate potential
safety con erns associated with drugs, which may result in changes to drug labeling,

restrictions on use, or even withdrawal from the market.

In recent years, the importance of pharmacovigilance has been highlighted by several high-
prof le drug safety controversies, such as the Vioxx scandal in 2004, which led to the
withdrawal of a popular painkiller from the market due to concerns over increased risk of

heart attacks and strokes.

Overall, pharmacovigilance plays a critical role in ensuring the safety of medication use, and
is essential for protecting public health. As new drugs continue to be developed and
introduced, it will be increasingly important to prioritize and invest in pharmacovigilance

nefforts to ensure that patients receive safe and effective treatments.

Review of Adverse Drug Reactions and Management during treatment of Tuberculosis
Study 1: Tak d k, acharya | d, gowrinath k,rao padma g m, subish P.safety evaluation of
antitubercular therapy under revised National tuberculosis control programme in india.
Journal of Clinical and Diagnostic Research 2009 April; 3:1395-1401.1%!

Sample Size

A total of 94 patients suffering from Tuberculosis were chosen for this study. All these
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patients were on DOTS therapy.

RESULTS

Out of 94 patients, 16 patients developed 21 ADRs with an overall incidence of 17.02%.
Among the 16 patients, 11(69%) developed only one ADR and 5 (31%) developed two ADRS
each. Among 21 reported ADRs, the highest numbers of ADRs [20 (95%)] were observed in
males and the remaining 1 (5%) was observed in a female. Out of 21 ADRs, 9 (42.85%) each,
were observed in the age group of 18-40 years and 41-60 years. Three (14.28%) ADRs were
observed in the age group of 61 and above. Below is a table showing the various ADRs

reported among the patients.

| Types of ADRs
Gastritis
Hepatitis
Anorexia

| Skin Reaction

| Peripheral neuropathy
Dizziness
Psychosis
Ototoxicity

| Vertigo

| Weakness
Arthralgia

B

|—l—t—l-|—|—l|—l|—l-LJ.I|—MOEZ

Management of ADRs

In 3 (14.28%) cases, the ADRs were managed by withdrawing the suspected drugs. Out of
these, in 2 (9.52%) cases, symptomatic treatment was given whereas in 1(4.76%) case,
specific treatment was given. In 18 (85.71%) cases, the drug was continued in spite of the
occurrence of ADRs. Out of these, in 9 (42.85%) cases, symptomatic treatment was given,
whereas in 9 (42.85%) cases, no treatment was given. In none of the cases was the dose of the

drug altered/reduced.®!

Outcome of the ADR

In 13 (61.90%) cases, the patients recovered from ADRs without any complications and in
6(28.57%) cases, the reactions continued on discharge, while in 2 (9.52%) cases, the outcome
was unknown as patients got discharged. There were no fatal reactions during the study

period.[*"#®!
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Study 2: Dedun AR, Borisagar GB, Solanki RN. Impact of adverse drug reaction of first line
Anti — tuberculous drugs on treatment outcome of tuberculosis under revised national
Tuberculosis control programme. Int J Adv Med., 2017; 4: 645-9.

Sample Size

974 patients were screened for the purpose of this study.

Result

Out of 974 patients screened during the study period 72 (7.79%) had some or other adverse
drug effects. Occurrence of ADRs was more in male patients (45, 63%) as compared to
females (27, 37%).0ut of 72 patients developed ADRs, 49 (68%) were having pulmonary TB
and rest 23 (32%) had extra-pulmonary TB. Prevalence of gastritis and jaundice was found to
be highest, which was around 1.64% and 1.74% respectively in this study. Skin
hypersensitivity reaction due to anti-tubercular drug was also common adverse drug reaction
encountered which was around 1.43%. Below is a table showing the various ADRSs reported

among the patients

~Types of ADRs | No.
Grastritis 16
Jaundice 17
Ototoxicity 2
Skin problems 16

_Peripheral neuropathy | 6
Gout 6
Giddiness 7
Thrombocytopenia 1

_Psychosis 1

Management of ADRs

Out of the 72 patients who developed adverse drug reactions, only 9 patients required
complete stoppage of that offending agent, while 2 patients require interruption of treatment
in whom, all the drug where started one by one in order of ethambutol, rifampicin,
pyrizinamide, and isoniazid, and most of the patients (61) were managed with supportive

medication without removing anti tubercular drug from their treatment regimen.

Conclusion of Study
The current incidence of side effects was 7.79%, in a total of 72 patients. The major severe

side effects were gastric side effects, hepatotoxicity, ototoxicity, hyperuricemia and
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neuropsychiatric manifestations.

Prevalence of ADRs in treatment of Primary TB

As the observation of the studies 1-4 which comprised of the patients suffering from Primary
Tuberculosis(Non Drug Resistant Tuberculosis) the incidences of ADRs were found to be
from 8% to 20%, which in some other studies have also gone to as high as 80%. The First
Line Drugs are used in the treatment of Primary TB as part of the DOTS regimen. The
occurrence of ADRs va ied because of various factors such as demographic patterns,
biological factors, geographical factors, error in reporting of ADRs. The most commonly
occurring ADRs were usually related to the Gastro Intestinal System with nausea, vomiting
and Gl irritation being the most prevalent.!*]

Prevalence of ADRs in treatment of MDR and XDR TB

The studies 5-8 included the patients suffering from Multi Drug Resistant Tuberculosis. The
reporting and management of patients suffering from MDR TB can be very tricky as the
treatment is quite long and tedious lasting from 12 months to anywhere near 36 months

adding to that the complex nature of the second line drugs and the drugs used for MDR TB.

Th incidence of ADRs ranged from 14% to 60% which can go as high as 90-95% in some
studies. This is majorly due to the long duration of the treatment and the high toxicity profile
of the drugs involved in the treatment. Almost all the patients develop ADRs associated with
the GI system and also ADRs related to the Central Nervous System can be observed on a

regular basis.

Management of ADRs

Management of ADRs associated with anti-tubercular drugs is considered to be an essential
component in order to achieve adequate adherence leading to favorable outcome. Patients
with MDR TB require special attention and care as the second line drugs are more toxic. Pri
ciples of pharmacovigilance have been adopted by national TB control programs all over the
world. The objective is to improve patient care by assessing both risk and benefit received
from the drug. Routine surveillance of ADRs; according to a framed protocol is an integral
part of national programs which should be performed by symptom based reporting followed
by laboratory investigations at baseline and as when clinically indicated. Monitoring should
be frequent and more intense particularly in high risk groups such as elderly, HIV or hepatitis

coinfection, alcoholism, drug addiction, anemia, any preexisting illnesses, diabetes mellitus,
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hypoalbuminemia, malnutrition, chronic kidney disease, chronic liver disease, disseminated
involvement, family history of frequent ADRs; or atopy/allergy and use of ancillary
medications, antiretroviral therapy or medications for treating opportunistic infections with
high probability of drug interactions.

CONCLUSION

Tuberculosis is one of the major infectious diseases and it affects the lives of millions in the
world. The treatment of TB is pretty straight forward and very well structured now-a-days.
The DOTS therapy given the patients has been proven very affective and although MDR TB
has been an obstacle newer discoveries and innovations in the field of diagnosis and
treatment are being made every day in order to come up with better treatment plans and drugs
with lesser side and adverse reactions. Adverse Drug Reactions in the treatment of TB has
been prevalent due the high toxicity profile of the first line as well as the second line anti-
tubercular drugs. The duration of the treatment can also be a challenge in the observation,
reporting and the management of ADRs as the minimum duration of treatment of Primary
pulmonary TB is 6 months, that of extra pulmonary TB is 9 months and the treatment of
MDR and XDR TB can range between 12 to 36 months.*%2

In conclusion, Adverse Drug Reactions (ADRs) play a critical role in the treatment of
tuberculosis (TB). While anti-TB medications are essential for the management and control
of TB, they also carry the risk of ADRs, which can affect treatment outcomes and patient
safety. This report has highlighted the different types of ADRs associated with anti-TB

medications and their impact on treatment.

The findings from this report emphasize the need for healthcare professionals to be vigilant in
monitoring patients for potential ADRs during TB treatment. They should also provide
education to patients on the importance of adherence to medication, and encourage them to
report any suspected ADRs promptly. Early detection and management of ADRs can help to
minimize their impact on treatment and improve patient outcomes. Furthermore, this report
underscores the importance of ongoing research and development of new and more effective
anti-TB medications that have fewer adverse effects. This would improve treatment options
and outcomes for TB patients, particularly those who are at higher risk of ADRs. Ultimately,
by effectively managing ADRs in TB treatment, we can reduce the morbidity and mortality

associated with this debilitating disease.
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