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1. Presidential address

I consider it a great privilege and honour to present the Pres-
idential address in this prestigious 77th National Conference
of Tuberculosis Association of India. (NATCON 2022) organ-
ised by the Department of Tuberculosis and Respiratory Dis-
eases, Sarojini Naidu Medical College, Agra in association with
Uttar pradesh TB Association and The Union South East Asia
Region under the aegis of Tuberculosis Association of India. I
am immensely thankful to the Tuberculosis Association of
India for the wonderful opportunity given to me to preside
over this National Conference. I am extremely happy that the
77th NATCON is taking place at Agra where the thing of
beauty, the great Taj Mahal exists. I congratulate all those who
have been working hard to make this Conference a great
success. I am sure all the delegates will have a fruitful time in
the scientific sessions and the young Doctors will be
benefitted with the latest knowledge and skills. I am indeed
excited to acknowledge the presence of some of the eminent
and renowned Professors of Tuberculosis and Pulmonologist
and leaders in the field including International Delegates in
this Conference. I also acknowledge the presence of the rep-
resentatives from reputed Respiratory Institutions and Inter-
national Organisations like World Health Organisations and
the Union Against Tuberculosis and Lung Diseases, Senior
Directors and Faculties from the top Healthcare Research and
Teaching Institutions in India and abroad.

The problem of Tuberculosis is a global emergency and TB
is no.1 killer disease. More number of people are dying of TB
than any other disease. More women and even bread winners
are dying with Tuberculosis which is indirectly affecting the
Socio-economic development of the Community. I appeal to
this august gathering in this prestigious Conference of the
Tuberculosis Association of India to focus on the major con-
cerns of reducing number of deaths due to TB, stopping TB
and to bring an end to TB.

The Government of India has set a target of 2025 to End TB,
5 years ahead of sustainable development goals. The Gov-
ernment has started several programmes and interventions

towards ending TB. The National strategic plan (2017—2025)
for ending TB in India embraces these opportunities and
proposes changes in Tuberculosis treatment, care and support
and service delivery. The Government has made significant
efforts in strengthening support structures, program and
implementation of TB control. This includes mandatory
notification of all TB cases, integration of programs with
general health services. (National Health Mission), expansion
of diagnostic services, expansion of programatic management
of MDR TB, single window services for HIV/TB co-infection,
drug resistance surveillance etc.

Tuberculosis is one of the most ancient disease of
mankind. In spite of several innovative and newer modalities
for treatment of TB, people are still suffering and it is among
the top ten killer infectious diseases. According to WHO TBis a
worldwide pandemic. Multi Drug Resistance TB (MDR TB) is
another threat to TB eradication. Tuberculosis is a social dis-
ease which is closely associated with poverty and develop-
ment. National TB Elimination Programme has been trying to
meet the challenges posed by this disease.

The Stop TB partnership announced the theme for this
year's World TB Day “Yes! We can END TB” The theme brings
attention that it is our collective power to end TB by 2030 and
therefore reach the SDG goals. The theme brings hope and
builds on the amazing work done in the past two years by
many of us (NGOs, Faith based Organisations, Government
Organisations) to recover from COVID epidemic and ensures
access to new diagnostic, new treatment regimens, digital
technology and artificial intelligence (Al) for the TB response.
We need to engage those affected communities and civil so-
ciety who are leading the movement to end TB. This year is
going to be critical for all of us engaged in TB work and should
be declared as a year of hope to get full support, attention and
energy for a collective “YES! WE CAN END TB”. We have to
focus on several key areas such as financial needs to scale up,
speed up research and development of new TB vaccine, new
rapid molecular diagnosis and new shorter and more efficient
treatment regimens, TB prevention, TB in children etc. We
should engage ourselves in an active CAMPAIGN TO END
TUBERCULOSIS.
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The pipeline report published by Treatment Action Group
in 2021 has outlined the forward momentum observed in TB
treatment, vaccines, and preventive treatment in the last 20
years. Advances in Science have made it possible to treat TB
infection in as little as one month and most forms of Drug
Resistant TB in 4—6 months. Despite these advances and
breakthroughs in TB Research, scientific effort is still needed
to implement and scale up the short drug regimens. The
shorter regimens face several barriers such as lack of aware-
ness, poor access to TB care, limited capacity to diagnose and
treat TB, and lack of availability of newer drugs that constitute
some of these shorter regimens. Efforts to scale up these in-
novations have also been undermined. The shorter regimens
for TB can have great benefit for the people with TB and their
families and even for health care providers and health care
system. The shorter regimens can help people to complete the
treatment for TB compared to the existing regimens and en-
ables the patients to be cured faster and reduce the treatment
cost. This is cost effective for the Government as shorter the
period of treatment the Government can save more money.
We should move to all oral treatment for drug resistant TB.
The injectables needs to be stopped because they are very
toxic and painful. TB disease is a long term disease. The pro-
cess of healing is not only physical, it involves lot of social as
well as mental and spiritual healing as it is a stigmatised
disease especially in our Country. The health care workers in
Sanatoria are trained to take care of the wholistic health of the
patient. It takes a lot of commitment and a deep commitment
to provide holistic healing to someone. We need to enable the
patient to understand what is going on around them and bring
them out of depression and social stigma. The civil society, the
faith based organisations and the Government should come
together and make it a priority. TB healing is not about the
medication, it is also about the support system such as
counselling. When we are doing campaign to end TB we
should also address the stigma in the community and make
them understand that TB is a normal disease like any other.
We have a long history of very strict Directly Observed
Treatment (DOT) It is just not the new commodities, new
drugs and new technology, but also how we provide care.
Patient centered care is to be included in our National policies.
The new way of treatment adherence like providing more
education and counselling and digital adherence tool is more
beneficial which may provide better results.

The Sanatorium was central to Tuberculosis treatment in
the 19th and the earliest 20th centuries. The drawn nature of
treatment and highly infectious nature of the disease made
the Sanatorium regimens effective and popular before the
anti-biotics entered the scene. The Sanatorium was not just
the Hospital, it was a social world — isolated from the rest of
the society, it created its own definition of “Community”.
Now it is faded from public memory. The Union Mission
Tubercuosis Sanatorium in Madanapalli, Chittoor District,
Andhra Pradesh provides the site for this historical note. Any
understanding of Tuberculosis without the engagement with
the Sanatorium will be an incomplete one. The Sanatorium
has been a key Institution that defined and dominated the
treatment of the disease before the chemotherapy era of the
1940s. The more detail study of the TB is important as the
disease was dreadful in the past, persists in being a major

health problem in many parts of the world even today.
Tuberculosis was considered as a hopeless disease by many
physicians in the past and argued that we cannot prevent or
resist this disease. As faith in medicine declined in finding
speedy cure for TB, many 19th century physicians stressed
the importance of hygiene, change of climate, sunshine,
mental tranquillity, exercise, fresh air, avoidance of exces-
sive passions, and proper diet in the prevention and treat-
ment of TB. In the middle of 19th centuary the primary
therapy for Tuberculosis was prolonged bed rest, nutritious
food, fresh air and change of climate and for such therapies
special Institutions called “Sanatoria” were set up. For many
TB Patients the sanatorium was not just a Hospital, but also a
home that these patients could hide in, away from the stigma
and associated sufferings of the disease. The high level of
poverty in India leads to increase incidence of TB and low
access to the health care facilities in India legitimated for the
establishment of Sanatoria. The Sanatorium in India pro-
vides many possibilities for doing research work because the
patients are under daily observation for much longer period
than they usually are in general Hospitals. The relevance of
Sanatorium is greater in India than in the West due to higher
poverty and poor hygienic conditions. The recent rise in TB
incidence in India along with HIV infection pushes us to
rethink the Sanaorium as a relic of the past. Not much has
changed in India since independence — high poverty, poor
health care, poor education, poor nutrition and lack of proper
public healthcare in rural India. Slow curing disease lkeTu-
berculosis, the Sanatorium with a modified treatment regi-
mens of “rest, diet — exercise and drugs” may provide more
effective cure especially for the poor.The current excessive
dependents on drugs and the condition of malnutrition will
not be able to control the incidence of TB. Food insecurity is a
growing concern for a large number of Indians and sanatoria
never compromised and provided a rich diet. Today may be
the appropriate time in India to resurrect the sanatoria to life
in the hope of the better controlling the twin concerns of
rising incidence of TB and poor nutrition. Active case finding
with a door to door survey and providing nutritious food to
all the infected should be made mandatory in our
programme.

I propose in this prestigious National Conference (NATCON
22) that we should get back to basics for the Elimination of TB.
We should engage ourselves in a campaign to end Tubercu-
losis, Treat TB with shorter drug regimens, supervisory
nutrition for the Patients with bio-fortified food supplements.
Consumption of bio-fortified foods improves innate and
adaptive immune function and also cognitive function espe-
cially in children. Recent efforts have focused in developing
improved vaccine to prevent MTb infection. There is a
renewed interest in BCG Revaccination of young adults.
(Research Study done at Arogyavarm Medical Centre, Mada-
napalli on Nursing Students of the age group of 18-28 in
2015.).

There is a potential Novel data to show that BCG revacci-
nation in young adults in India enhance a MTb — specific CD4+
T cell immune signature potentially associated with
controlled TB infection.

Hopeless and stigmatised lives should be lighted with a
flame of hope, dignity and beauty for their lives. We should get
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back to the basics and beyond in TB Elimination. Let us make a
corporative effort ......... “Yes! We can end TB” and we need
leaders to end TB.
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Background: Patients with pulmonary tuberculosis (TB) may produce large amount of in-
fectious sputum which needs to be handled carefully both in health care and household
settings. As mycobacteria may survive for long duration in sputum,; proper collection,
disinfection and disposal is necessary to avoid potential disease transmission.

We aimed to assess the efficacy of bedside disinfectant treatment of sputum produced
by TB patients using easily available disinfectants that can be used both in TB wards and
household settings, to sterilize the infected sputum and compared it with sputum without
disinfectant treatment.

Methods: It was a prospective case control study. Sputum of total 95 patients with sputum
smear positive pulmonary tuberculosis was collected in sputum containers with lids. Pa-
tients on anti-tubercular treatment for more than 2 weeks were excluded. Each patient was
given 3 sterile sputum containers to expectorate, Container A containing 5% Phenol solu-
tion, Container B containing 4.8% Chloroxylenol and Container C without any disinfectant,
acting as a control. Thick sputum was liquified with Mucolytic agent N-acetyl cysteine
(NAC). Aliquots of the sputum were sent for culture in Lowenstein-Jensen medium on day
0 (to confirm alive mycobacteria) and on day 1 i.e., after 24 hours (to evaluate effective
sterilization). Drug resistance testing was done on all grown mycobacteria.

Results: If the samples on day 0 did not grow mycobacteria (indicating non-viable myco-
bacteria) or day 1 sample grew contaminants in any of the three containers, they were
excluded from the analysis (15/95). In remaining 80 patients, bacilli were alive on day 0 and
remained alive even after 24 hours (day 1) in control samples (without disinfectants). The
sputum was effectively disinfected resulting in no growth after 24 hours (day 1) in 71/80
(88.75%) containing 5% Phenol and 72/80 (90%) with 4.8% Chloroxylenol. The efficacy of
disinfection was 71/73 (97.2%) and 72/73 (98.6%) for drug sensitive mycobacteria respec-
tively. The mycobacteria however remained alive with these disinfectants in all 7 samples
of drug-resistant mycobacteria with an efficacy of 0%.

Conclusion: We recommend use of simple disinfectants like 5% Phenol or 4.8% Chlorox-
ylenol for safe disposal of sputum of pulmonary tuberculosis patients. It is necessary as
sputum collected without disinfection remained infectious after 24 hours. Resistance of all
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drug resistant mycobacteria to disinfectants was a novel chance finding. This needs further

confirmatory studies.

© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

1. Introduction

Tuberculosis is caused by Mycobacterium tuberculosis complex. It
continues to be a challenging public health problem for its
significant morbidity and mortality worldwide, especially in
countries like India.! National TB Elimination programme or
NTEP, formerly known as Revised National TB Control Pro-
gramme or RNTCP, effectively focused on early detection and
free treatment of TB patients along with contact tracing.” We
however need to give more emphasis on teaching cough eti-
quettes to the society in general, which has been shown to
effectively break transmission chains.? Public spitting which is
still highly prevalent in the country needs to stop. The prevent
laws prohibiting public spitting need reinforcement.*”
Although mycobacteria typically transmit via airborne drop-
lets, the sputum is equally infectious as it may become
airborne after drying and during disposal.® National guidelines
for infection control and prevention therefore do recommend
wet mopping of wards with disinfectants.” Sputum handling
athousehold level is usually poor and there is lack of adequate
patient education on how to collect and dispose off sputum of
TB patient. A study from New Delhi reported that only 18% of
patients practiced safe sputum disposal.®

At ground level, we observe that TB patients collect sputum
in open containers without any disinfectants and is often
disposed off in wrong places such as washbasin, dustbins or
public gutters which are open sanitation methods whereas
sputum should ideally be disposed through close sanitation
systems after sterilization. A study from northern India showed
that safe sputum disposal was inversely proportionate to so-
cioeconomic status and literacy.” Many patients often spit
through the windows or in public spaces as & when they pro-
duce some, especially during workinghours and thereis a social
dislike for carryingspittoons or spittingbags.* Similar apathy is
also noted in health care setups where correct disposal tech-
niques are neither taught to the patients nor are Health Care
Workers (HCWs) aware of them. There is a general belief that
the mycobacteria do not survive for long after getting spit out.
One of the objectives of our study was to evaluate that too.

Various methods of sputum disinfection have been used by
various researchers, such as bleach, acetic acid, boiling water
etc.’'>'* Many good disinfectants such as glutaraldehyde
and others'* are not easily available or are costly. We there-
fore studied the efficacies of disinfectants, 5% phenol and 4.8%
Chloroxylenol which are easily available, cheap and can be
used by patients before disposing their sputum in hospital or
home settings.

2. Methods

This was a prospective, case control study. Permission was
obtained from Institutional ethics committee before the

commencement of the study. Cooperation of Department of
Microbiology was sought as the study involved 4 cultures for
each patient and would occupy the incubator for up to 2
months.

The study participants were cases of sputum smear posi-
tive pulmonary tuberculosis above 18 years of age who were
willing to give written and informed consent. Patients on anti-
tubercular treatment for more than 2 weeks, those with
scanty sputum and those having pulmonary infections other
than tuberculosis were excluded. All participants were sub-
jected to detailed history and examination to assess the study
eligibility.

The sputum sample of each participant was sent for cul-
ture on Lowenstein-Jensen (LJ)'*> medium to confirm viability
of the mycobacteria on day 0. Each subject was given 3 sterile
sputum containers (with lid) to expectorate the sputum.
Container A was containing 5% Phenol disinfectant solution,
Container B was containing 4.8% Chloroxylenol solution and
container C was empty, acting as a control. The sputum
collection was started early morning and continued till patient
could collect about 10 mL sputum in each container. Patients
were explained that saliva and upper respiratory secretions is
not sputum, and not to contaminate the containers with the
saliva, water or food. N-acetyl cysteine was used as a muco-
lytic agent to liquify thick sputum and improve penetration of
the disinfectant. The closed sputum containers remained
bedside at room temperature to replicate the real-life scenario
in health care or home settings.

From all the 3 containers containing sputum with/without
disinfectants as mentioned above, aliquots of the sputum
were sent after 24 hours to Microbiology laboratory for culture
in Lowenstein-Jensen medium (to evaluate effectiveness of
sterilization). The culture media were checked for growth till a
maximum period of 8 weeks (2 months). The grown myco-
bacteria were identified and also subjected to Drug sensitivity
Testing (DST) or Cartridge Based Nucleic Acid Amplification
Test (CBNAAT) to identify drug resistance, if any.

3. Observation and results

Total 95 subjects were enrolled in the study. 15/95 patients
with nonviable mycobacteria on day 0 sample (no growth on
culture) and those with growth of contaminants on either day
0 or day 1 samples, were excluded from the analysis.

Out of remaining 80 patients, 73 (91.2%) turned out to be
rifampicin sensitive on CBNAAT and 7 (8.8%) were rifampicin
resistant.

In the sputum collected in plain containers (Container C)
and kept for 24 hours; the mycobacteria remained alive in all
the samples as confirmed by growth in L] medium.

71/80 samples (88.75%) with 5% Phenol and 72/80 (90%)
with 4.8% Chloroxylenol showed no growth in L] medium
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indicating effective sterilization of the sputum. The efficacy of
disinfection was 71/73 (97.2%) and 72/73 (98.6%) for drug sen-
sitive mycobacteria respectively (Fig. 1). All 7 samples (100%)
containing Rifampicin Resistant mycobacteria as determined
by CBNAAT later, showed growth in L] medium even after 24
hours exposure to disinfectants in Container A and B, con-
taining 5% Phenol and 4.8% Chloroxylenol respectively.

The data was analysed using SPSS statistical software. Test
of significance was applied using Chi square test, and the re-
sults were highly significant (p < 0.001).

4, Discussion

Tuberculosis, a disease of great antiquity is still a communi-
cable disease of concern and causes high mortality, especially
in India (19.17%) as per Global TB report."® A total of 1.5 million
people died from TB in 2020. Worldwide, TB is the 13th leading
cause of death and the 2nd leading infectious killer disease
after COVID-19.'°

Spread of TB by infectious droplet nuclei is a widely
accepted fact. It is therefore generally believed that only
coughing is the method of transmission of TB. This belief
needs to be revaluated in the light of existing evidence.
Sputum by itself can also be an efficient vehicle in the spread
of infection after being ‘coughed’ out.’ Sputum can be re-
aerosolized after drying because of wind, sweeping or
numerous other processes and can potentially infect a sus-
ceptible host by inhalation or even ingestion.’®'° Another
prevalent belief is that mycobacteria do not survive long
outside the body especially after drying or in sunlight.”®?*
There is however enough historical and scientific evidence
that mycobacteria may survive outside the body or in soil for
many weeks.>?*?3

There are very few studies to assess efficacy of sputum
disinfection methods, in hospital and home scenario.'***
There are few studies to see if drug resistant and MDR

bacteria respond differently to the common disinfectants.?
With these above-mentioned facts in mind, we conducted
this study, to find out cheap and effective means to disinfect
sputum that can be applied both in hospital and home
settings.

There are recommendations to suggest regular wet moping
of floors with disinfectants for infected wards, no suggestions
exist for disinfecting sputum or wet moping in home settings.”

Chloroxylenol, also known as para-chloro-meta-xylenol
(PCMX), is widely available in the form of liquid, is thought
to act by disrupting microbial cell walls and inactivating
cellular enzymes.?® It is readily available in India. Phenol too is
a widely available disinfectant. We chose a product with
active ingredient being p-Chloro-o-benzylphenol 5% which
was one of the cheapest and easily available disinfectant to a
common man. It works like any other phenolic disinfectant by
denaturing the proteins and enzymes of the cells. In addition,
it increases the permeability of the cell membrane and causes
coagulation of the cell contents in microbes.

We added N-acetylcysteine”’ to the collected samples
before culturing which is a standard method of preparing al-
iquots for the inoculation on culture media.

In our study, it was observed that both 5% Phenol and 4.8%
Chloroxylenol are efficacious enough to disinfect the sputum
of pulmonary tuberculosis patients as far as drug sensitive TB
is concerned. Patients can use these simple disinfectants in
wards or at their homes for sputum disposal.

It was a very important observation that the mycobacteria
remained alive in all 80 sputum samples after keeping the
sputum sample (Container C) for 24 hours at room tempera-
ture. This is consistent with the review done by Leonardo
Martinez et al® on survival of mycobacteria in environment.
This strongly supports the view that sputum of TB patients
needs to be disinfected before disposal.

None of the disinfectants in our study killed the myco-
bacteria in sputum of patients with drug resistant pulmonary
tuberculosis thus suggesting possible resistance to these

Growth in Containers A, B, C
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100%

90%

10%
0%
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Fig. 1 — Growth in Containers A, B, C containing 5% Phenol, 4.8% Chloroxylenol and Plain (containing no disinfectant)

respectively.
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disinfectants too. Such cases may warrant adoption of
different methods for sputum disinfection. However, this
interpretation has limitations. Firstly, mycobacterial whole
genome sequencing” was not done in our study and hence
any probable common mutation pattern could not be identi-
fied. Secondly, this study had smaller number of Multi-Drug
Resistant (MDR) cases as we randomly enrolled the patients
in the study without considering the drug sensitive or drug
resistance status. The reason being that such observation was
not expected based on literature review”” and was also not a
defined objective of this study but just an incidental finding.
Further research is however warranted with larger number of
MDR-TB sputa to validate this finding and if proven true, other
methods of sputum disinfection may need to be sought for the
same.

5. Conclusion

Mycobacteria do remain alive for at least 24 hours in sputum
in natural conditions and hence are potentially transmissible.
Therefore, such sputum needs to be disinfected with appro-
priate disinfectants before its safe disposal. National guide-
lines should incorporate such disinfection methods and the
HCWs as well as patients need to be educated about methods
of safe sputum disinfection and disposal.

Finding that MDR mycobacteria are resistant to disinfec-
tants too, is disturbing and needs confirmation of the same
with larger sample size. New methods of disinfection may
need to be adopted in such cases.
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Globally, one quarter of the population is infected with TB; and only a small proportion of
those infected will become sick. Tuberculosis along with poverty disproportionately affects
the households causing a financial burden and catastrophic costs (if the total costs incurred by a
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for the comprehension of the baseline burden of Tuberculosis in the affected households, to
identify the predictors of catastrophic costs, and simultaneously, intensive research and
appropriate innovations are needed to assess the effectiveness of the measures undertaken

for the reduction of the proportionate patients who overlook catastrophic costs.
© 2023 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

Tuberculosis (TB), known as “THE CAPTAIN OF ALL THESE MEN
OF DEATH” (Bunyan 1680), is one of the most ancient diseases.
About one quarter of the world's population is infected with TB;
and only a small proportion of those infected will become sick
with TB.* According to the 2021 Global TB report, eight of the
countries accounted for about two-thirds of the global total i.e.,
India (26%), China (8.5%), Indonesia (8.4%), the Philippines
(6.0%), Pakistan (5.8%), Nigeria (4.6%), Bangladesh (3.6%) and
South Africa (3.3%).

1. Tuberculosis and catastrophic “costs”

Tuberculosis and poverty had a bidirectional relationship, and
itdisproportionately affects the households causing a financial

Abbreviations: TB, Tuberculosis.

burden and catastrophic costs (if the total costs incurred by a
household exceeds 20% of that household's annual income), which
could be direct or indirect. Direct costs could either be the
medical cost (consultation fees, diagnostic tests, and treat-
ment) or nonmedical cost (transportation, accommodation,
and increased food needs). Indirect costs include lost wages
due to unemployment, time spent out of work, and associated
loss of utility and productivity. These expenses there by result
in detrimental effects like delayed care seeking, increased de-
faulters and poor treatment adherence and compliance lead-
ing to low treatment success rate, which has been even
exaggerated by the COVID-19 pandemic.?

Globally, average percentage of TB affected people along
with their households facing catastrophic costs in 23 national
surveys?.

* Corresponding author. Directorate of Health Services, Bhopal, M.P., India.
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’7 47% all people with Tuberculosis

’7 45% people with drug-sensitive TB

burden in the affected households, to identify the predictors of
catastrophic costs to visualize the possible approaches, and also
availing the tracking system to monitor the progress facilitating
the goal of achieving zero catastrophic cost due to TB.

]
1]
|

r 87% people with drug-resistant TB

2. Strategy to combat

Nationally, as for the treatment of Tuberculosis, catastrophic
healthcare expenditure accounted for about 20—30% in Drug
Sensitive-TB and 60—70% of Drug resistant-TB. Thereafter, to
address this, National Strategic Plan (NSP) and End TB Strategy
of WHO for TB in India have set a target to eliminate the cata-
strophic cost due to TB by the year 2025 and 2035, respectively.
End TB Strategy as well as the NSP measures the out-of-pocket
expenditure through the concept of “catastrophic costs”, an
indicator that is used to measure progress towards universal
health coverage (UHC).*>* UHC means that everyone can be
provided with the health services they need without suffering
from any financial hardship. However, Sustainable develop-
ment goals (SDGs) marked to eliminate tuberculosis till 2030
through target 3.8, which stated that “Achieve universal health
coverage, including financial risk protection, access to quality essen-
tial healthcare services and access to safe, effective, quality and
affordable essential medicines and vaccines for all”.?

Therefore, two indicators were fabricated to drive this
target i.e., UHC service coverage index (SCI), and the popula-
tion percentage experiencing household expenditures (in-
dicators 3.8.1 and 3.8.2, respectively). In 2017 and 2015, latest
published data for the two UHC indicators i.e., SCI and cata-
strophic expenditures was 66 (out of 100), and 12.7% of the
world's population, belongs to out-of-pocket expenditures on
health care. Although, post-2017 data for these two indicators
are not yet obtained amid of COVID-19 pandemic.?

3. Way forward

To diminish the effect of catastrophic expenditure and to turn
out to zero till 2030 (SDG) would not be possible without
adequate planning, advocacy and implementing judicious in-
terventions, which should be evidence-based. Meanwhile,
there should be a need for a national cost survey either sepa-
rately or combined with other health surveys conducted at
national and state level for the comprehension of the baseline

4, Conclusion

Constructive management of the predictors of catastrophic
costs will ultimately added to a better clinical, and financial
end-result for the community. Furthermore, intensive
research and appropriate innovations are needed to assess the
effectiveness of the measures undertaken for the reduction of
the proportionate patients who overlook catastrophic costs,
and the impact of the educational programs related to pa-
tients' compliance for the betterment of the treatment success
rate.
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ABSTRACT

Toxin-Antitoxin (TA) system is abundant in the microbial genome, especially in bacteria
and archaea. Its genetic elements and addiction modules with the role of bacterial
persistence and virulence. The TA system consists of a toxin and most unstable antitoxin
that could be a protein or non-encoded RNA, TA loci are chromosomally determined and
their cellular functions are mostly unknown. Approximately 93 TA systems were demon-
strated and more functionally available in M. tuberculosis (Mtb), the organism responsible
for tuberculosis (TB). It is an airborne disease, which is causing ill-health to humans. M.
tuberculosis possesses higher TA loci than other microbes and non-tubercle bacilli, the
following TA types have been identified such as VapBC, MazEF, HigBA, RelBE, ParDE, DarTG,
PemlK, MbcTA, and one tripartite type Il TAC-Chaperone system. Toxin-antitoxin Database
(TADB) brings a detailed update on Toxin-Antitoxin classification in the different patho-
gens such as staphylococcus aureus, streptococcus pneumonia, Vibrio cholerae, Salmonella
typhimurium, Shigella flexneri, and helicobacter pylori, etc. So, this Toxin-Antitoxin system is a
master regulator for bacterial growth, and an essential factor in analyzing the properties
and function of disease persistence, biofilm formation, and pathogenicity. The TA system
is an advanced tool to develop a new therapeutic agent against M. tuberculosis.

© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

Toxin
Antitoxin
1. Introduction

more functionally available in Mycobacterium tuberculosis
(Mtb), the organism responsible for tuberculosis (TB) in
humans. That is an airborne disease. World Health Organi-

Toxin-Antitoxin (TA) system abundantly occurs in bacteria
and archaea, its genetic elements and addiction modules with
a role in bacterial persistence and virulence. The TA system
consists of a toxin and a more uncertain antagonistic anti-
toxin that could be a protein or non-encoded RNA. Approxi-
mately 93 TA systems have been exemplified so far and are

zation (WHO) global tuberculosis report 2021, shows the
prevalence of the disease is quietly high and it's one of the top
ten causing death and severe ill-health.”” Drug-resistant
tuberculosis (MDR-TB) is a global challenge. The drug-
resistant strains frequently modify their genomic variation-
like mutation; this mutation occurred due to persistent

* Corresponding author. Department of Microbiology, SRM Medical College Hospital and Research Centre, Kattangulathur, Chennai-

603203, Tamilnadu, India. Tel.: +91 9841665803.
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infection and it could be a reason for the following two
important factors, the toxin-Antitoxin system, and the sigma
factor. The TA loci are chromosomally determined and their
cellular functions are mostly unknown, and the TA system
comprises high in hypothetical proteins but has not been
identified so far, and undergoing multiple functions, including
stability of genomic regions, response in anti-addiction to
mycobacteriophage infection, biofilm formation, and espe-
cially bacterial persistence of pathogenesis.> The TA system
was distinguished in the seven classes based on the character
of the action of the toxin type II systems. The presumed M.
tuberculosis toxins studied thus significantly showed inhibi-
tion of bacterial growth. As M. tuberculosis possesses higher TA
classes than other microbes and non-tubercle bacilli, more
than 50 VapBC, 10 MazEF, 3 HipBA, 3 RelBE, 2 ParDE, DarTG and
one tripartite type II Toxin-Antitoxin (TAC) Chaperone sys-
tems.” TA systems are categorized into six types, according to
the concern of the functional analysis of the toxicity activity of
toxin and antitoxin. Both are either proteins or RNA; it is
narrated below; (i). The antisense non-encoded RNA antitoxin
is to bind and interacts with toxin mRNA and inhibits toxin
protein synthesis; (ii). The toxin and antitoxins are proteins
and both are binding directly with each other and break down
the toxin; (iii). The antitoxin is an RNA that interacts with the
toxin protein and neutralizes the toxin; (iv). The toxin and
antitoxin proteins are having the same target but do not bind
with each other; (v). The toxin RNA was impaired by the
antitoxin using endoribonuclease, which reduces the action of
the toxin by cleaving the toxin RNA; (vi). The atypical TA
family of TAC chaperone modules, and this module is helping
to fold and protect the antitoxin from degradation.”?

2. The family of VapBC

VapBC is part of the elements in TA loci. Hence, vapB acts as
an antitoxin and vapC is a toxin that is associated with PIN
(homologous PilT-N terminal domain) domain enzymatic ac-
tivity against translation inhibition, which was first identified
as plasmid domain in Salmonella dublin. M.tb is consisting of a
high VapBC family, based on the TA system database shown
the following vapBC family tested more including vapCl,
vapC2, vapC5, vapC11, vapC20, vapC29 etc. The inhibition of
translation via mRNA cleavage by vapBC families such as
vapBC4, VapBC19, VapBC22, VapBC32, VapBC37, VapBC39,
VapBC41, and the sequence selective of Rnase function were
identified for VapC proteins.* Remarkably, the studies show
that the specific tRNases are cleaving the initiator tRNA in the
entero-bacteria Shigella flexneri and Salmonella enterica, Thus,
toxin VapC seem to focus RNA by specific tools. The demon-
stration of VapC1 and VapC19 in M.tb have been analysed in
the whole genome sequence of mRNA fragments by Mass-
spectrometry. The protein toxin related to TA loci is bacteri-
cidal or bacteriostatic is still debatable; hence post-induction
of VapC or VapCiry, ceased the growth of the cell rapidly
when induced the VapCPf4 encodes an assumed catalytically
inactive VapC, and it wasn't induced the inhibition of cell
growth. After 30 minutes, the cognate vapB genes were
induced and vapC expression was aborted, as observed that
the induction of vapB;r; in 30 mins and vapB in 90 mins is

resumed in the cell growth. The slower recovery was observed
when induction of VapB was associated with the compre-
hensive deficit and slowly coming back of the cellular amount
of the tRNA™Eet, 5o, the VapC activity is bacteriostatic instead
of bactericidal.” The short fragments of the VapB4 are crucial
for the action of antitoxin by deleting the expression of the C
and N terminal tag of VapB4-sfGFP in the existence of VapC4.
So, there were 31 amino acids reduced in the C-terminal of
VapB4 will terminate the action of antitoxin substance and
omission of 54 amino acids N-terminal of VapB4 has minimal
effect on the antitoxin action and VapB4 required amino acids
side chain to bind with the VapC4 when induction of expres-
sion in wild type VapB4 deletion mutation.® The V26-SP-8
module has developed the structural and biochemical prop-
erties of the VapBC26 TA system from M. tuberculosis and can
be used for novel antibacterial applications. The stapled
peptides were synthesized and based on VapC26 «454—65
in vitro activity.”

3. The family of MazEF

The TA system consists of another family of MazEF in this
family. Toxin and antitoxin reveal the mRNA and tRNA
cleavages that happened in MazF mt-1 and mt-9 respectively,
wherein the docking form of cognate antitoxin peptides, the
MazF -mt9 toxin will be significantly inhibited by the engi-
neered MazE-mt3 with the use of M. tuberculosis tRNALy-
s(UUU) in tRNA cleavage analysis.® There are 80% of ORFs and
non-encoded RNAs of M. tuberculosis is lacking the UCCUU
split motif and these are assumed that it can resistant to
cleave of MazF-mt3, and 14 genes are significantly over-
representation of the cleavage motif and recommended these
genes could be besieged by MazF-mt3 and this study
concluded that the MazF-mt3 «could cleave at
1537U | CCUU1541 at the aSD sequence of 16S rRNA inside the
setting of 70S ribosomes.” RNA sequences might alter protein
expression by degrading mRNA; have a regulatory process to
accommodate environmental factors by MazF-mt3 and MazF-
mt7 or other mRNA and interferes with a sequence-related
target, including the infection of M. tuberculosis, MazF-mt7
thus is an mRNA that intervenes that identifies a five-based
UCGCU sequence; however, it seems to be less stern than
MazF-mt3.'° MazE3,6 mRNA expression phases were signifi-
cantly diminished in the drug-resistant and drug-sensitive
strains than H37Rv, Inversely, MazE3,9 expression was
enhanced in drug-sensitive strains compared to drug-
resistant strains.’* The Asp-10, Arg-13, and Thr-36 of MazF-
mt6 residues are most important in ribonuclease action to
catalyse the proton—relay activity for RNA cleavage, which
has been demonstrated by the structure-based mutagenesis
and bacterial growth assay."?

4. The family of HigBA

The study analyzed the following crystal structure of HigA 2 in
the three forms, it belongs to the P,1,1, determined in the
2.0A° resolution, form II in P43,1, and determined in 3.2A°
resolution, form III in P31,1 in 3.4A° resolution. When the
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absence of electron density at the N-terminus is reflected
those 25 residues are insignificant in each monomer despite
the relatively high resolution, the N-terminal cleaved mono-
mers contain the four consecutive a-helices and the other two
antiparallel B-strands named a-helix bundle and B-Lid in the
formerly determined HigB antitoxin. Docking analysis has
shown the MtHigA?2 binding with inclined and linear DNA on
structural modification. Moreover, docking showed unfav-
ourable interaction with DNA and HTH motifs in the solvent
region were bent. MtHigA2 interact with linear DNA due to
HTH motifs Lid distortion.*® The different structural portions
also present in the MtHigA3 in the monomer structure have
two or three B-strands, four a-helices and one 340-helix and
HigA3 antitoxin was amplified in H37Rv strain in the 34 resi-
dues shortened from the N- terminus of the mtHigA3 and
crystal structure from M. tuberculosis was first demonstrated in
the resolution of 1.97°A by single anomalous dispersion using
selenomethionine-substituted protein and this HigA report to
the Coxiella Burnitti, Vibrio cholerae, Shigella Flexnari, E. Coli, and
P. Vulgaris."* The HigBA family of the TA system shows the
translational inhibition in M. tuberculosis by HigB toxin
expression when antitoxin HigA is absent by reducing the
amount of IdeR and Zur controlled mRNAs and cleaving
tmRNA in M. tuberculosis.™

5. The family of RelBE

RelBE is another module of the toxin-antitoxin system, which
is consisting of three similar modules like RelFG, and RellJK, in
these three RelE interact with RelB-like protein physically, and
it can control the binding with promotor DNA. Here the RelJ
toxin has acted as a corepressor of protein and the other two
RelB and RelF have acted as a transcriptional activator, the
following study has successfully done interaction between the
RelBE pairs in M. tuberculosis using GST-pull-down assays and
observed that the assumed length of His-tagged Rel protein
was readily pulled down the cognate GST-tagged Rel protein.
Moreover, the Rel] antitoxin only can bind with its promotor
region even low concentration of protein, but no binding ac-
tivity was noted with the other two RelB and RelF like anti-
toxin proteins even with a high concentration of the proteins,
and korch et al observed the M. tuberculosis toxins like RelE,
RelK and one antitoxin RelF were expressed at the later stages
of macrophage infection.®

6. The family of ParDE

The ParDE2 operon (Rv2142A; Rv2142c) is a type II TA system
with a toxin gene and is connected to the 5-antitoxin gene.
sharing a 4bp overlap, the sequence identity of the ParE and
ParD of RK2 plasmid is 18% and 12% base pairs in MParE2 and
MParD2 amino acid sequences in Blastp analysis, respectively.
A single gene consisting of a 530bp product. The results
revealed (i) The ParDE2 operon basal phase transcriptional
activity will have functioned in exponential phase till the late
stationary phase (ii) the parDE2 operon isn't a pseudogene and
(iii) the mode of transcription of ParD2 and ParE2 genes will be
single and bi-cistronic. Moreover, the parDE2 promotor was

recognized as the mycobacterial sigma factor in the identical
to —35 consensus sequence, which was induced specifically in
the stationary phase, oxidative stress, and macrophage inva-
sion, so possibilities of the parDE2 operon suggest that the
regulation of the operon will be affecting the growth of
Mycobacterium smegmitis, especially in the suitable environ-
mental condition preferably in the oxidative stress form. The
MParE?2 protein is an inhibitor of DNA gyrase, which is to be a
key enzyme in the process of DNA replication and the ideal
target line to explore in M. tuberculosis. The activation of the
parDE2 operon and release of the excess toxin under oxidative
stress, the condition notorious to conquer in the host
macrophage.”’

7. The family of DarTG

The function of the DarT toxin domain is unidentified for DUF
4433, and the DarG antitoxin is coming under the macro-
domain protein. The DarT has an enzymatic activity that al-
ters the thymidines on a single-stranded DNA in a sequence-
specific function through nucleotide modification, it's known
as ADP-ribosylation. In the formation of de-ADP-ribosylation
activity of DarG, the mutation starts to reduce the activity of
macro domains, so it's a possible way to bind with the sub-
strate. It was minimal or no reaction on the de-ADP-
ribosylation activity that happened in TaqDarG after 21 mi-
nutes followed by a mutation in H82A and W83A this showed
that the rest of N22A, K29E, G119E, and K80A have the signif-
icant action of inhibition. Interestingly, one of the mutations
of K80A, which is equivalent to the main catalytic lysine res-
idue in TARG1 showed that the crucial reaction of substrate
tarts out of all the mutations assessed with static TagDarG, so
it will be preserved between TARG1 and DarG."® A recent study
shows that DarGyy, is essential even when darTyg, was ab-
sent, as well the identified interactions between the enzymes
associated with the DNA repair mechanism of mycobacterial
replisome such as DNA polymerase (DnaE1l, PolA), DNA heli-
case (DnaB), and DNA primase (DnaG) with DarGuy, family,
DarGMtb interactome is consisting the part of DNA-repair-
associated proteins such as RecA, RecB, RecF, Lhr, and AlkA.*

8. The family of mt-PemIK

The recent studies identified the new toxin-antitoxin protein
that is named mt-PemlIK; the toxin is mt-PemK and the anti-
toxin is mt-PemI(RV3098A), which is demonstrated in
neutralizing the toxin protein suppressed by the antitoxin
protein in the appropriate His or Flag tag in E.Coli. the protein
sequence of mt-PemK is 25.66% and the replacement of mu-
tation with an mt-PemK mutant with the following three
residues such as H19A, Q21A, or R25A loosen its toxicity ca-
pacity. This sequence resembles in nature the my-PemK and
MazF/PemK proteins, characterized as endoribonucleases
which are to be inhibiting bacterial growth. Likely mt-PemK
has RNA cleavage properties and could be modified to regu-
late the pupylation stability, pup is the small prokaryotic
ubiquitin-protein present in Mycobacterium tubeculosis and M.
smegmitis.”® According to TADB analysis showed that the
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PemK and MazF toxin genes are identified in the following
genes like Rv1103c-Rv1102c, Rv1494-Rv1495, Rv1943c-
Rv1942c, and Rv0660c-Rv0659c, respectively, in domain2
(Fig. 1, Fig. 2, Fig. 3 and Table 1).

o. The family of the TAC chaperone

The bacterial TAC-chaperone is exported the unfolded protein
in post-translation pathways from the cytoplasm. The
fundamental of the TAC chaperone SEC pathway is made up
of a hetero-trimetric membrane-embedded channel. Sec-YEG
has two cytosolic elements, Sec-A and Sec-B. Sec-B can be
functioned by balancing unfolded proteins and retaining them
in an export competent state. Sec-B chaperones mostly
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originate in proteobacteria, and the same type of Sec-B protein
Rv1957, which is controlling the stress-responsive toxin-
antitoxin modules occurred in MtbRv1957. It could be func-
tionally replaced the E. coli Sec B chaperone in vivo and
in vitro.”! The atypical TA family of TAC chaperone modules,
and this module helps to fold and protect the antitoxin from
degradation. As a molecular tool by which refined TA group
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provided in chaperone-dependent. It could optimize the
expression and new strategy for biotechnological or medical
purposes.?

10. Discussion

The genome of M. tuberculosis inscribed approximately higher
TA Loci, which are mostly unidentified proteins than other
pathogens, based on an earlier review of 79 TA loci with five
types and six classes of TA family. This review analyzed 154
TA Loci in different pathogens and 93 are functionally avail-
able in M. tuberculosis with the recent contributions and
determined the new TA families. These hypothetical proteins
have significant roles to determine the master regulators in
cell growth and pathogenesis of M. tuberculosis, and the study
has also stated that the genome sequences are encoding in
4500 prokaryotic and 101 mycobacterial genomes have atyp-
ical PezAT TA loci and it is also preserved in other mycobac-
terial species and lineages classes of Actinobacteria.”> When
cognate antitoxin non-encoded RNA cleavages occur, the
toxin proteins interact with the macromolecules and stimu-
lating the inhibition of growth and producing the antibiotic
tolerant persister daughter cells.** M. tuberculosis drug-
resistant and toxicity were assessed in vivo in guinea pigs
due to the significant number of MazF M. tuberculosis toxin
proteins that play a combined expression.”” Another study
showed mycobacterial growth arrest occurred when the toxin
MenT3 acts independently when not antagonist activity of the
cognate antitoxin MenA3. The structural analysis demon-
strated for MenT3 and MenT4 was done at 1.6 and 1.2A° res-
olution, to analyze the biochemical properties of MenT3.
When MenT3 stopped in-vitro analysis of protein expression,
then it spontaneously blocked the tRNA charging in-vivo.
MenT3 expanded pyrimidines (C or U) to the 3'-CCA acceptor

stems of uncharged tRNAs and demonstrated vital substrate
specificity in-vitro.?® There is the enzymatic activity in the
toxin protein which degrades the tRNA into smaller frag-
ments; it's reflecting the endonucleolytic cleavage. This
cleavage was designated to specific anticodon stem-loop end.”
Each different RNA is cleaved with structurally defined toxin
protein of MazF by M. tuberculosis to cleave the mRNAs, for
example, tRNAs cleft by MazF-mt9 toxin, 23S rRNA cleaves by
MazF-mt6 toxin, and both 16S and 23S rRNA cleaves by MazF-
mt3 toxin, and the inhibition of protein synthesis action
occurred due to above enzyme related activity. Even though
the entire tertiary fold of these MazF toxins is expected to be
the same, it was undetermined, that how this toxin recognizes
very structurally modified RNAs."” The experimental methods
to construct the gene from presumed M. tuberculosis, the
genome, have been inserted downstream of the inducible
acetamidase promotor in an appropriate plasmid vector to
assess the toxin and antitoxin activity. The Quantitative PCR
(QPCR) Techniques found toxin-antitoxin focus on the iden-
tical sites of rRNA, proven this is a particular site of rRNA is
likely refractory to the activity of single strand-specific
endoribonucleases.””*? A recent study revealed that the
peptide development with the antitoxin protein could be a
bactericidal activity proven that it is inhibiting the growth of
the H37Rv in-vitro, but preliminary results showed that in-
vivo activities were poor, the antitoxin fragments are poten-
tial bactericidal properties and first tested on the Bacillus
anthracis PemIK TA system. Structural and biochemical
analyze the interaction between the TA system, PemK cleft
the single-stranded RNA, Kang et al, designed the peptide of
the HigBA TA system was proven to inhibit the growth of
Streptococcus pneumoniae.?® Type II toxin-antitoxin is unique in
that the antitoxin protein binds with the toxin protein and
neutralizes the toxin activity. In this study, the 23S rRNA of
disassociated ribosome triggered the inhibition of protein
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Table 1 — TA family encoded among different pathogens.

ArsR &
mt- Hypothetical YoeB/ Yaf Chp Men Mee3R/
VapBC MazEF HipBA RelBE ParDE DarTG PemlK  Protein  YefM ON AR TA TeR  MbcTA

Mvcobacte'rzum 0 3w 2 1 4 4 L :
tuberculosis
EColi 1 4 1 5 12 2
Vibrio 1 1 13
Hinfleunza | |
H.Pylori 5
Deinococcus
radiodurans |
S Aureus §
. pneunioniae 1
Salmonella 7
Brucella 2
S.mutans |
S.suis 2
P.aeroginosa 1

synthesis due to toxin cleavage, Apart from RNA targets, the
study showed that the inhibition occurs mutually with each
other in Mycobacteria, because the MazF toxin and DNA
topoisomerase I interact with each other's and maybe func-
tioning stimulation, where the DNA topoisomerase I gene is
an important enzyme of M. tuberculosis, this all studies
showing that the MazF could express two alternative mech-
anisms to stimulate the bacterial cell death.?” The Mycobacte-
rium Bovis BCG and M. tuberculosis growth inhibition is
bacteriostatic action because of the over-expression of
VapC22, similarly seen in Mycobacterium smegmatis, the alter-
ation of a well-preserved PIN domain residue (aspartic acid at
a position of 8 with alanine) generated VapC22 inactive in M.
Bovis BCG leading to abandoning the inhibition of growth.**>
The RNase, tRNase, and RNA sequence experiments showed
notable impact on translational inhibition and toxicity-anti
toxicity as a result of cleavage of RNA in mycobac-
teria.*>*3%2> Ry3098A is a new potential toxin protein that
was tested and identified through PSI-BLAST searches in the
M. tuberculosis H37Rv strain; it is called mt-PemK. In the open
reading frame (ORF) located at the upstream and overlaps of
mt-PemK by 4bp, the position of the upstream mt-PemK is
called mt-Peml, which is coming under the protein sequence
analysis of the MazF/PemK toxin family.”” One of the studies
states that Rv1044 and Rv1045 are antitoxins and toxins,
respectively. Antitoxin neutralizes the toxin with the help of
an enzyme that serine protein kinase to degrade the toxin
activity, toxin acting as a tRNA nucleotidyltransferase action
in this module.** One more study showed that the cholesterol-
induced Rnase toxin (VapC21) can inhibit the translation of
targeting the proT tRNA in M. tuberculosis, and this study
revealed that cholesterol precise growth variation can be

increased by the persistent daughter cells.®® A transcriptomic
study of antibiotic-induced persister daughter cells formation
of M. tuberculosis showed that the TA system was up-regulated
due to a general shutdown happening in the metabolic path-
ways, and this condition could be a potential outcome of
future research on TA system in M. tuberculosis persistent
cells.*****% One of the reviews analyzed that the PhoH2 gene
in M. tuberculosis and M. smegmitis involved in the metabolism
of fatty acids and implementing the response of hypoxia, this
small protein resembled VapB and VapBC proteins in the TA
system.* One of the studies showed the clinical and H37Rv
strains in the demonstration of the MazE3 and MazE6 was no
remarkable expression in the drug-resistant strain than
standard strain, however, both were over-expressed in the
drug-susceptible strain than standard strain.’® The recent
study evolved the stapled peptides from the TA system of
VapBC26 in M. tuberculosis for the demonstration of V26-SP-8
peptides designed as a new antibacterial therapeutic tool.** A
recent study analyzed the copper component interacts with
the VapC4 TA system in M. tuberculosis, and it is high con-
centration whiles macrophages increases in the phagosomal
concentration of Cu upon Mtb infection, hence it is up-
regulated the CsoR and RicR in Cu resistant pathways while
VapC4 expression.*” One of the recent studies concluded that
the HigB1 of M. tuberculosis is essential to identify the infection
in guinea pigs, and a microarray assay analyzed that the
removal of HigB1 leads to increasing the transcripts of ribo-
somal proteins and decreases in the expression of genes
associated with virulence, detoxification, and adaptation.43
The mechanism of the RNA cleavage with VapC in M. tuber-
culosis is the same compared with VapC of Pyrobaculum aero-
philum and VapC1,19,27,29,39 is a magnesium-dependent
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ribonuclease with identical sequence specificity and focusing
UA*GG sequence.”® The MbcAT were identified to monitor the
bactericidal effect on fast-growing M. smegmitis, bringing the
form of strong promotor to induce the MbcT will reiterate to
bactericidal effect against Mtb while depletion of
NAD + followed by the induction of P606-mbcT.*” The study
correlated with Xia Yu et al that Rv1044 is curiously binding
with DNA in a sequence-specific manner and not upstream in
DUF1814 TA systems in M. tuberculosis, so the potential prop-
erties of Rv1044 are acting outside of Rv1044-Rv1045
operon.*83*

11. Concluding remarks

The above reviews show the significance of the module to
control the disease pathogenesis, persistence of daughter cell
formation, drug-resistant strains, biofilm formation, cell
growth as well cell death. where the above reviews underlined
the TA genome encoded in prokaryotes and the fact of Sec-Bin
E.coli for two chaperone analyzes shown that the Sec-B
chaperone is capable to perform generic chaperone function
in the natural host as well as interacting with Sec translocon,
so further studies are required for analysing about Sec-B
chaperone and one of the studies encouraged that Rel pro-
tein can induce the growth inhibition and quorum sensing
peptides roles are needed to elucidate the action on further
analysis. So many bacterial species are encoding TA families
such as streptococci, staphylococci, Vibrio, salmonella, E. coli, hel-
icobacter, pseudomonas etc, but the genome correlates with M.
tuberculosis is vast and consisting rich hypothetical protein in
TA loci. Two factors are determining the microbial surveil-
lance and the TA system comes in one of the factors after the
sigma factor, where the functional characterization of the TA
system is bringing the hope of demonstrating the new thera-
peutic tool against tuberculosis. Peptide-based mode of bind-
ingin the target mt-MezEF-TA will be a future therapeutic tool
against M. tuberculosis.”® The disease is a global alarming
challenge, especially since MDR and XDR strains are
increasing drastically due to mutants. So, the control of
tuberculosis is in the detailed analysis required and the
whole-genome sequence for TA loci identification is to be
essential because this is the master regulator for the entire
process of the microbial population.

Conflicts of interest

The authors have none to declare.

REFERENCES

1. Global Tuberculosis Report 2021. Geneva: World Health
Organization; 2021. Licence: CC BY-NC-SA 3.0 IGO.

2. Sala A, Bordes P, Genevaux P. Multitasking SecB chaperones
in bacteria. Front Microbiol. 2014;5(5):666.

3. Ramage RH, Connolly LE, Cox JS. Comprehensive functional
analysis of Mycobacterium tuberculosis toxin-antitoxin

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

systems: implications for pathogenesis, stress responses, and
evolution. PLoS Genet. 2009;5(12), e1000767.

. Alberthsen SJ, Agner ], Sander RP, et al. Proteomic profiling of

Mycobacterium tuberculosis identifies nutrient-starvation
responsive toxin—antitoxin systems. The American society
for biochemistry and molecular biology. Mol Cell Proteomics.
2013;12(5):1180—1191.

. Winther SK, Brodersen DE, Brown AK, Gerdes K. VapC20 of

Mycobacterium tuberculosis cleaves the sarcin—ricin loop of
23S rRNA. Nat Commun. 2013;4:2796.

. Jin G, Pavelka Jr MS, Butler JS. Structure-function analysis of

VapB4 antitoxin identifies critical features of a minimal
VapC4 toxin-binding module. ] Bacteriol.
2015;197(7):1197—1207.

. Kang SM, Kim DH, Lee KY, et al. Functional details of the

Mycobacterium tuberculosis VapBC26 toxin-antitoxin system
based on a structural study: insights into unique binding and
antibiotic peptides. Nucleic Acids Res. 2017;45(14):8564—8580.

. Barth VC, Woychik NA. The sole Mycobacterium smegmatis

MazF toxin targets tRNALys to impart highly selective, codon-
dependent proteome reprogramming. Front Genet.
2020;14(10):1356.

. Schifano JM, Irino OV, Knoblauch JG, et al. An RNA-seq

method for defining endoribonuclease cleavage specificity
identifies dual rRNA substrates for toxin MazF-mt3. Nat
Commun. 2014;5:3538.

Zhu L, Sangita P, Hirofumi N, et al. The mRNA interferes,
MazF-mt3 and MazF-mt7 from Mycobacterium tuberculosis
target unique pentad sequences in single-stranded RNA. Mol
Microbiol. 2008;69(3):559—569.

Zhao JL, Wei L, Xie WY, Cao XD, Yuan L. Viability, biofilm
formation, and MazEF expression in drug-sensitive and drug-
resistant Mycobacterium tuberculosis strains. Infect Drug
Resist. 2018;6(11):345—358.

Hoffer ED, Miles SJ, Dunham CM. The structure and function
of Mycobacterium tuberculosis MazF-mt6 toxin provide
insights into conserved features of MazF endonucleases. J Biol
Chem. 2017;292(19):7718—-7726.

Richardson W, Kang GW, Lee HJ, et al. Chasing the structural
diversity of the transcription regulator Mycobacterium
tuberculosis HigA,. IUCrJ. 2021;8:823—832.

Park JY, Kim HJ, Pathak C, et al. Induced DNA bending by
unique dimerization of HigA antitoxin. IUCrJ. 2020;7:748—760.
Schuessler DL, Cortes T, Amanda SFH, et al. Induced ectopic
expression of HigB toxin in Mycobacterium tuberculosis
results in growth inhibition, reduced abundance of a subset
of mRNAs and cleavage of tmRNA. Mol Microbiol.
2013;90(1):195—-207.

Min Y, Gao C, Wang Y, Zhang H, He ZG. Characterization of
the interaction and cross-regulation of three Mycobacterium
tuberculosis RelBE modules. PLoS One. 2010;5(5), e10672.
Gupta M, Nishtha N, Meenakshi C, et al. The chromosomal
parDE2 toxin—antitoxin system of Mycobacterium
tuberculosis H37Rv: genetic and functional characterization.
Front Microbiol. 2016;7:886.

Jankevicius G, Antonio A, Marijan A, Ivan A. The toxin-
antitoxin system DarTG catalyzes reversible ADP-ribosylation
of DNA. Mol Cell. 2016;64:1109—1116.

Anisha Z, Wang R, Laure B, et al. Depletion of the DarG
antitoxin in Mycobacterium tuberculosis triggers the DNA-
damage response and leads to cell death. Mol Microbiol.
2020;114:641-652.

Chi X, Chang Y, Li M, et al. Biochemical characterization of
mt-PemlK, a novel toxin-antitoxin system in Mycobacterium
tuberculosis. FEBS (Fed Eur Biochem Soc) Lett.
2018;592:4039—4050.

Lu Z, Wang H, TingTing Y. The SecB-like chaperone Rv1957
from Mycobacterium tuberculosis: crystallization and X-ray


http://refhub.elsevier.com/S0019-5707(22)00078-6/sref1
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref1
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref2
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref2
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref3
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref3
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref3
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref3
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref4
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref4
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref4
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref4
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref4
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref4
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref4
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref5
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref5
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref5
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref5
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref6
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref6
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref6
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref6
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref6
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref7
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref7
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref7
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref7
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref7
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref8
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref8
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref8
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref8
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref9
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref9
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref9
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref9
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref10
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref10
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref10
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref10
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref10
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref11
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref11
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref11
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref11
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref11
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref12
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref12
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref12
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref12
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref12
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref13
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref13
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref13
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref13
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref13
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref14
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref14
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref14
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref15
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref15
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref15
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref15
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref15
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref15
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref16
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref16
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref16
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref17
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref17
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref17
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref17
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref17
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref18
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref18
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref18
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref18
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref19
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref19
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref19
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref19
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref19
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref20
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref20
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref20
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref20
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref20
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref21
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref21
https://doi.org/10.1016/j.ijtb.2022.05.010
https://doi.org/10.1016/j.ijtb.2022.05.010

INDIAN JOURNAL OF TUBERCULOSIS 70 (2023) 149—157

157

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

crystallographic analysis. Acta Crystallogr F Struct Biol
Commun. 2016;72:457—461.

Bordes P, Cirinesi AM, Roy U, et al. SecB-like chaperone
controls a toxin-antitoxin stress-responsive system in
Mycobacterium tuberculosis. Proc Natl Acad Sci Unit States Am.
2011;108(20):8438—8443.

Tandon H, Melarkode Akhila, Sandhya S, Srinivasan N.
Molecular and structural basis of cross-reactivity in M.
tuberculosis toxin—antitoxin systems. Toxins. 2020;12:481.
Germain E, Castro -RD, Zenkin N, Gerdes K. Molecular
mechanism of bacterial persistence by HipA. Mol Cell. 2013;52,
248 —25.

Prabhakar T, Garima A, Singh Mamta, et al. MazF
ribonucleases promote Mycobacterium tuberculosis drug
tolerance and virulence in Guinea pigs. Nat Commun.
2015;6:6059.

CaiY, Ben U, Gutierrez C, et al. A nucleotidyltransferase toxin
inhibits growth of Mycobacterium tuberculosis through
inactivation of tRNA acceptor stems. Sci Adv. 2020;6(31),
eabb6651.

Cintron M, Zeng JM, Barth VC, et al. Accurate target
identification for Mycobacterium tuberculosis
endoribonuclease toxins requires expression in their native
host. Sci Rep. 2019;9:5949.

Chen R, Zhou J, Xie W. Mechanistic insight into the peptide
binding modes to two M.tb MazF Toxins. Toxins. 2021;13:319.
LeeIG, Sang]JL, Susanna G, et al. Structural and functional studies
of the Mycobacterium tuberculosis VapBC30 toxin-antitoxin
system: implications for the design of novel antimicrobial
peptides. Nucleic Acids Res. 2015;43(15):7624—7637.

Arun S, Gopinath C, Pankaj C, et al. VapC21 toxin contributes
to drug-tolerance and interacts with non-cognate VapB32
antitoxin in Mycobacterium tuberculosis. Front Microbiol.
2020;11:2037.

Sakshi A, Prabhakar T, Amar Deep, et al. System-wide
analysis unravels the differential regulation and in vivo
essentiality of virulence-associated proteins B and C toxin-
antitoxin systems of Mycobacterium tuberculosis. ] Infect Dis.
2018;217:1809—-1820.

Amar deep, Prabhakar T, Sakshi A, et al. Structural, functional
and biological insights into the role of Mycobacterium
tuberculosis VapBC11 toxin-antitoxin system: targeting a
tRNase to tackle mycobacterial adaptation. Nucleic Acids Res.
2018;46(21):11639—11655.

Zaychikova MV, Zakharevich NV, Sagaidak MO, et al.
Mycobacterium tuberculosis type II toxin-antitoxin systems:
genetic polymorphisms and functional properties and the
possibility of their use for genotyping. PLoS One. 2015;10(12),
e0143682.

Yu X, Xiaopan G, Zhu K, et al. Characterization of a toxin-
antitoxin system in Mycobacterium tuberculosis suggests

35.

36.

37.

38.

39

40.

41.

42.

43.

44.

45.

46.

47.

48.

neutralization by phosphorylation as the anti-toxicity
mechanism. Communication biology. 2020;3:216.

Sakshi T, Manitosh P, Chandresh S, et al. Role of VapBC12
toxin-antitoxin locus in cholesterol-induced mycobacterial
persistence. mSystems. 2020;5. e00855-20.

Sharp JD, Cruz JW, Sahadevan R, et al. Growth and translation
inhibition through sequence-specific RNA binding by
Mycobacterium tuberculosis VapC toxin. J Biol Chem.
2012;287(16):12835—12847.

Cruz JW, Sharp JD, Hoffer ED, et al. Growth-regulating
Mycobacterium tuberculosis VapC-mt4 toxin is an
isoacceptor-specific tRNase. Nat Commun. 2015;6:7480.
Bordes P, Genevaux P. Control of toxin-antitoxin systems by
proteases in Mycobacterium tuberculosis. Front Mol Biosci.
2021,;8:691399.

. Andrews SVE, Arcus VL. PhoH2 proteins couple RNA helicase

and RNAse activities. Protein Sci. 2020;29:883—892.

Hossein K, Hamid H, Jalil YK, et al. Comparison of toxin-
antitoxin expression among drug-susceptible and drug-
resistant clinical isolates of Mycobacterium tuberculosis. Adv
Respir Med. 2021;89:110—114.

Kang SM, Moon H, Han SW, et al. Toxin-Activating stapled
peptides discovered by the structural analysis were identified
as new therapeutic candidates that trigger antibacterial
activity against mycobacterium tuberculosis in the
Mycobacterium smegmatis model. Microorganisms. 2021;9:568.
Barth VC, Chauhan U, Zeng ], et al. Mycobacterium
tuberculosis VapC4 toxin engages small ORFs to initiate an
integrated oxidative and copper stress response. Proc Natl
Acad Sci Unit States Am. 2021;118(32), €2022136118.

Arun S, Sagar K, Chauhan NK, et al. HigB1 Toxin in
Mycobacterium tuberculosis is upregulated during stress and
required to establish infection on Guinea Pigs. Front Microbiol.
2021;12:748890.

Xie Y, Wei Y, Shen Y, et al. Tadb 2.0: an updated database of
bacterial type II toxin-antitoxin Loci. Nucleic Acids Res.
2018;46:D749—D753.

Shao Y, Harrison EM, Bi D, et al. TADB: a web-based resource
for Type 2 toxin-antitoxin loci in Bacteria and Archaea. Nucleic
Acids Res. 2011;39:D606—D611.

Sharrock A, Ruthe A, Andrews ESV, Arcus VA, Hicks JL. VapC
proteins from Mycobacterium tuberculosis share
ribonuclease sequence specificity but differ in regulation and
toxicity. PLoS One. 2018;13(8), €0203412.

Ariyachaokun K, Grabowska AD, Claude G, Olivier N. Multi-
stress induction of the Mycobacterium tuberculosis MbcTA
bactericidal toxin-antitoxin system. Toxins. 2020;16(5):329, 12.
Beck NI, Ben U, Hannah GH, Peter CF, Tim RB. Antitoxin
autoregulation of M. tuberculosis toxin-antitoxin expression
through negative cooperativity arising from multiple inverted
repeat sequences. Biochem J. 2020;477:2401—2419.


http://refhub.elsevier.com/S0019-5707(22)00078-6/sref21
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref21
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref21
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref22
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref22
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref22
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref22
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref22
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref23
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref23
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref23
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref23
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref24
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref24
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref24
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref24
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref25
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref25
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref25
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref25
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref26
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref26
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref26
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref26
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref27
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref27
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref27
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref27
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref28
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref28
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref29
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref29
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref29
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref29
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref29
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref30
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref30
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref30
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref30
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref31
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref31
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref31
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref31
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref31
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref31
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref32
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref32
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref32
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref32
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref32
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref32
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref33
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref33
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref33
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref33
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref33
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref34
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref34
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref34
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref34
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref35
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref35
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref35
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref36
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref36
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref36
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref36
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref36
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref37
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref37
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref37
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref38
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref38
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref38
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref39
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref39
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref39
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref40
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref40
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref40
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref40
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref40
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref41
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref41
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref41
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref41
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref41
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref42
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref42
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref42
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref42
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref43
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref43
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref43
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref43
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref44
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref44
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref44
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref44
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref45
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref45
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref45
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref45
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref46
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref46
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref46
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref46
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref47
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref47
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref47
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref48
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref48
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref48
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref48
http://refhub.elsevier.com/S0019-5707(22)00078-6/sref48
https://doi.org/10.1016/j.ijtb.2022.05.010
https://doi.org/10.1016/j.ijtb.2022.05.010

INDIAN JOURNAL OF TUBERCULOSIS 70 (2023) 158—161

journal homepage: http://www.journals.elsevier.com/

Available online at www.sciencedirect.com

ScienceDirect

indian-journal-of-tuberculosis/

Review article

Infection control and preventing the transmission
of tuberculosis in high-risk centres - recovery
shelter for homeless people

Kamal K. Chopra °, Praveen Pandey °, Alveena Malik °, Abha Indora °,

Surabhi Pandey “*

@ New Delhi Tuberculosis Centre, New Delhi, India
® MPH in Indian Institute of Public Health, Delhi, India

¢ Indian Institute of Public Health Delhi, India

ARTICLE INFO

ABSTRACT

Article history:

Received 22 October 2022
Accepted 24 November 2022
Available online 26 November 2022

Keywords:

Airborne precautions
Health care workers
Infection prevention control
Tuberculosis

The term “infection control” refers to the policies and practices used in hospitals and other
healthcare facilities to limit the spread of illnesses with the primary goal of lowering infec-
tion rates. The objective is to reduce the chance of infection in patients and Healthcare
workers (HCWs). This may be achieved by making all the HCWs to follow and practice the
infection prevention and control (IPC) guidelines and by providing safe and quality health-
care. Because of more exposure to TB patients and insufficient TB infection prevention and
control (TBIPC) procedures in a healthcare facility, healthcare workers (HCWs) working in TB
centers are at an elevated risk of contracting TB. Although there are a number of TBIPC
guidelines, there is limited knowledge of their contents, if they are applicable in the given
situation, and whether they are being properly applied in TB centers. The purpose of this
study was to observe the TBIPC guidelines' implementation in CES (Centre of equity studies)
recovery shelters well as the elements that affect it. The percentage of public health care
personnel who used proper TBIPC practices was low. The execution of TBIPC guidelines in
tuberculosis (TB) centers was poor. It was impacted because TB treatment institutions and
centers have unique health systems and TB disease burdens.

© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

1. Introduction

Tuberculosis (TB) is caused by the bacterium Mycobacterium
tuberculosis, and in high TB burden countries, it is an infectious
disease that has a high burden of morbidity and mortality.
Different tactics such as surveillance, isolation, outbreak

investigation and management and education® are used in
TBIPC to lessen the risk of M. tuberculosis transmission. The
hierarchy of control is a method for reducing workplace risks.
The hierarchy of control is a method for systematically elim-
inating or reducing risks, and it lists risk controls in order to
decrease the amount of protection and reliability from highest
to lowest. The hierarchy of controls places eliminating
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hazards and risks at the top, followed by reducing risks
through engineering, isolation, and substitution controls, and
finally through administrative controls. The lowest level of
control is lowering the risk through the use of protective
personal equipment (PPE).” The hierarchy of control has three
layers, which have been found to lessen and prevent the
danger of exposure and transmission to M. tuberculosis:
administrative control, environmental control, and respira-
tory protection.®

The policy places a strong emphasis on the necessity of
infection prevention and control (IPC) in healthcare facilities
and other facilities such as CES(Centre of equity studies) re-
covery shelters for homeless people where there is an elevated
possibility of M. tuberculosis spread.* IPC procedures are crucial
for lowering the chance of M. tuberculosis transmission because
they lessen the amount of exposure to infectious droplet nuclei
present in the air for those who are vulnerable to them.

1.1. Transmission

The risk of transmission in healthcare settings is increased
when healthcare professionals and patients interact with
people who:

e have pulmonary TB that is not yet suspected;
e are not receiving proper treatment;
« have not been segregated from other people,”

By inhaling minute particle aerosols (airborne route), TB is
disseminated.M. tuberculosis is produced and transported by
particles in droplet nuclei which are roughly 1-5um in size®
when a pulmonary TB patient coughs, sings, laughs, or snee-
zes. Depending on the environment, tubercle bacilli can float in
the air for a lengthy span of time and can be carried by air
currents across a space. The amount of live organisms present
in respiratory secretions has a direct correlation with infec-
tiousness. The length of exposure increases the probability of
transmission. The greatest risk of contracting TB from an index
case of pulmonary tuberculosis is among household members.
Studies suggest after continuous eight hours of exposure, the
duration is frequently seen as significant in healthcare settings,
but this is not a rigid requirement. Smear positivity intensity,
mechanical parameters (such as aerosol-generating tech-
niques), and host susceptibility must all be taken into consid-
eration. Only airborne micro droplets of TB germs can transmit
M. tuberculosis. Shaking hands, using the restroom, or touching
surfaces like bed sheets or toilet seats will not spread it.”

1.2 Infection

Infection is caused by bacteria that enter into the body and
multiply and cause harm or disease. The incubation, prodro-
mal, decline, and convalescence periods are the five stages of
disease (sometimes known as stages or phases). A successful
colonization of a host by a microbe is referred to as an infec-
tion. And it can cause illness.

The normal body vital function: Temperature: 37 °C
[98.6 °F], Heart Rate: 60—100/min, Breathing Rate: 12—18/min,
Blood pressure: 90/60 and 120/80 mm Hg. And when the
infection occurs, normal body vital functions get interrupted.”

Some infections are spread when an infected person talks,
cough or sneeze, and the droplet they produce contain germs.
Depending on the size of the droplets and the intensity of
expulsion, droplets can be pushed up to 6—12 feet. Larger
droplets have a higher likelihood of falling to the ground or
floor quickly.® The tiny droplet may be breathed in by people
who are near or may fall and contaminate an object or surface.
When a person with TB coughs, tiny droplets of tubercle bacilli
are released from the infected lungs into the air, where they
are inhaled by an uninfected person.’ In the built environ-
ment, objects like doorknobs, countertops, medical equip-
ment, handrails, clothing, and mobile phones that people
routinely come into direct contact are likely to be the most
significant vectors for contamination and transmission.’®

Infection management considers elements that affect how
an infection spreads within the healthcare environment,
whether it occurs between patients, among patients and
among staff. This includes preventative actions like washing,
sanitizing, sterilizing, and disinfecting hands.

1.3. Risk

A risk is a possibility or likelihood that something will nega-
tively impact your health in some other way. Risk does not
guarantee that something negative will occur. It's only
conceivable. Your health risks are either high or low
depending on a number of traits or risk factors."" In the case of
tuberculosis, anyone who comes in contact of people who
have active tuberculosis is susceptible to contracting the dis-
ease. People living in areas where tuberculosis cases are more
prevalent puts one at a higher risk of contracting the disease.
Employee or resident of long-term care facilities. People who
assist tuberculosis patients or come in contact with them
have risk of getting TB infection. Individuals infected with
active TB and who are not diagnosed on-time and thus are not
put on treatment when they are infected. People who inject
illegal narcotics or medications run the risk of contracting TB.
People who have diabetes, end-stage renal disease, or HIV
infection are also at a higher risk of developing TB.

1.4. IPC interventions

The World Health Organization (WHO) describes infection pre-
vention and control (IPC) as a scientific strategy and workable
solution intended to reduce the risk of infection-related harm to
patients and medical personnel. It is a subset of epidemiology
but also plays a crucial role in social sciences, global health, and
infectious diseases.”” A crucial public health concemn for
improving patient safety and the health system is effective IPC.
Some of the IPC interventions which are necessary for the re-
covery shelter for homeless people are mentioned below:

1.5. Hierarchy of infection prevention and control
measures

The purpose of TB prevention and control is to reduce the
likelihood that M. tuberculosis will spread throughout people. It
has been demonstrated that the danger of exposure and
transmission to M. tuberculosis can be decreased and pre-
vented by implementing a three-level hierarchy of controls
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consisting of administrative controls, environmental controls,
and respiratory protection.*?

1.5.1. Administrative controls

It is the first and crucial level of the hierarchy is administrative
controls. These are management strategies meant to lessen the
chance of coming into contact with TB patients.'® The strategies
is to reduce the time it takes from when a patient with undiag-
nosed respiratory TB enters a healthcare facility until their con-
dition is presumptively diagnosed, the patient is put on airborne
precautions, the diagnosis is made, and antimicrobial treatment
is started; provides respiratory protection for the HCW; and as-
sesses the success of its IPC strategies and interventions, and
collaborating with the state or local health agency.™

1.5.2.  Environmental controls

Utilizing environmental management to stop the spread of
infectious droplet nuclei and lower their concentration is the
second rung of the hierarchy. Controlling the infection source
by local exhaust ventilation and eliminating contaminated air
through general ventilation make up primary environmental
control. Controlling airflow to prevent air contamination in an
area close to the source is secondary environmental
management.”?

1.5.3. Respiratory protection controls

The control of respiratory protection is used at the hierarchy's
third tier. It entails wearing personal preventative gadgets in
circumstances where there is a significant risk of M. tubercu-
losis exposure. Utilizing a few straightforward safety mea-
sures can lower the chance of infection.*?

1.5.4. Respiratory hygiene or cough etiquette

The method of preventing the spread of respiratory secretions
that could contain infectious particles by covering the mouth
and nose while breathing, coughing, or sneezing (e.g., by
donning a surgical mask or a cloth mask, or by covering the
mouth with tissues or a sleeve, flexed elbow, or hand).*®

1.5.5. Mechanical ventilation
An air supply or exhaust fan (or both) is used to drive air into
or out of a room to produce ventilation.

1.5.6. Mixed-mode ventilation

One can select the ideal ventilation mode based on the situ-
ation using a ventilation setup that combines natural and
mechanical ventilation.™®

1.5.7. Natural ventilation

Introducing and dispersing external the entry or exit of air
structure using natural intensity. These pressures may come
from the wind or the difference in air density between interior
and outdoor spaces.?

1.6. IPC equipments

The fundamental components of an infection prevention
programme are created to stop the transmission of infections
in medical facilities. The risk of infection among patients and
healthcare workers is decreased when these components are
present and continuously applied.

1.6.1.  Air purifier or air cleaner

A convenient electrical indoor device designed to filter out,
neutralize, or put an end to potentially dangerous airborne
particles.”

1.6.2.  Germicidal UV light (GUV)

Modern terminology for UVGI is GUV. To allay end-user's
anxieties of ionizing radiation, which GUV does not contain,
the word “irradiation” is eliminate from the acronym.*?

1.6.3. GUV fixture or luminaire

A device that disperses the GUV radiation coming from a
single source or a number of sources. Although the sources
themselves are not included, it does contain all the compo-
nents required for safe and reliable operation, as well as the
mechanisms for attaching the references to the power
source.*?

1.6.4. Ultraviolet germicidal irradiation (UVGI)

Using ultraviolet C (UVC) light to destroy or inactivate bacte-
ria. Germicidal lamps produce UVGI, which has the power to
destroy or inactivate microorganisms in the air or on surfaces
that have been exposed to it directly. UVC is produced by low-
pressure mercury-vapor lamps."?

1.6.5. Upper-room GUV

GUV systems are made to provide high amounts of UVC irra-
diance above the heads of room occupants while reducing
UVC exposure in the lower or inhabited part of the space.™®

2. Conclusion and recommendation

Administrative controls are crucial for infection management
since they attempt to lower M. tuberculosis exposure and
transmission. They oversee patient care and recognize and
categories suspected TB cases.

The use of protective masks, ventilation systems, sepa-
rating patients who may be contagious from other patients,
and routine TB screenings of healthcare personnel all help to
minimize the spread of TB in the medical field. UV radiation
kills the TB bacteria, thus there should be enough of natural
light present. Good hygiene prevents the spread of TB bacteria
by covering the face when someone coughs or sneezes. The
wall where fresh air enters should not be where the exhaustis
located. Proper cross-ventilation is required. Using high-
efficiency particulate air (HEPA) filtration or ultraviolet
germicidal irradiation to clean the air.
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Background: This article is to review cervical lymphadenitis due to tuberculosis (TB), their
presentation, their aetiology, the methods used to diagnose them, the treatment modal-
ities offered and the response to treatment.
Methods: 1019 patients were diagnosed and treated for TB of the lymph nodes of the neck
from 1st November 2001 to 31st August 2020 at a tertiary ENT hospital, Nadiad, Gujarat,
India. Study consisted about 61% males and 39% females with the mean age being 37.3
years.
Result: Commonest factor or habit among those diagnosed for tuberculous cervical
lymphadenitis was consumption of unpasteurized milk. HIV and diabetes were the most
common co-morbid conditions found with this disease. Swelling in the neck was most
common clinical feature followed by loss of weight, formation of abscess, fever and fistula.
Rifampicin resistance was found in 1.5% of patients among those tested for the same.
Conclusion: The most commonly affected site for extra pulmonary TB is posterior triangle of
neck than the anterior triangle. Patients with HIV and diabetes are at higher risk for the
same. Testing for drug susceptibility has to be done due to increased resistant of drugs for
extra pulmonary TB. GeneXpert and histopathological examination are important for its
confirmation.

© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

1. Introduction

Tuberculosis is the most commonly found chronic infectious
disease in developing countries like India which can cause a

lot of morbidity and even mortality if not treated on time but if
detected and treated in a timely manner, results in an un-
eventful recovery. It is caused by various strains of myco-
bacteria like Mycobacterium Tuberculosis.” The pulmonary form
of tuberculosis is most common but we encounter a lot of
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extra-pulmonary cases too with the most common being the
affection of lymph nodes and amongst the group of lymph
nodes, the most commonly affected ones is the cervical group
of lymph nodes classically called ‘Scrofula’. Even where it is
controlled to a large extent in the developed countries, it is
again posing a new health challenge due to the migration of
people from developing countries from Asia & Africa with a
high prevalence of tuberculosis and the increasing high inci-
dence of HIV infection in those countries.” Few types of extra-
pulmonary TB like tuberculous meningitis and military TB
have a higher morbidity and mortality rate.” The commonest
sites affected are lymph nodes, pleura, bones, joints, urogen-
ital tract and meninges.* Thus it requires the clinician to be
extra suspicious when any patient presents with cervical
lymphadenopathy and investigate accordingly so that no case
is missed. This study reviews the experience of this tertiary
E.N.T. centre at a rural/semi urban center in Nadiad, Gujarat,
India as regards the management of 1019 cases of tuberculous
cervical lymphadenopathy who presented to us in a 20 year
period.

2. Patients and methods

Medical records of 1019 patients admitted at a tertiary hospital
in Nadiad, Gujarat, India period from 1st November 2001 to
31st October 2020 were examined. We included all the pa-
tients who presented with cervical lymphadenopathy irre-
spective of the age and were diagnosed as tuberculosis either
by FNABC, lymph node biopsy or geneXpert cartridge-based
nucleic acid amplification test (CBNAAT) study. There was
no exclusion criteria once the patient was diagnosed as having
tuberculous lymphadenopathy irrespective of age, gender,
predisposing factor or associated comorbid conditions. There
were 621 (61%) males and 398 (39%) females with age ranging
from 3 years to 96 years having the mean age of 37.3 years. All
the patients were admitted and treated in the same hospital.
Investigations done in every case were in form of routine
Haemogram, S. HIV, R.B.S., S.G.P.T. and S. Creatinine. X-ray
chest was done in all cases and only 1.5% patients were found
to have an associated pulmonary Koch's lesion along with
tuberculous cervical lymphadenitis. FNABC was done in all
patients of solitary and multiple matted lymph nodes above 2
cm in size without caseation or cold abscess formation (Fig. 1),
excision biopsy of the lymph node was done only in case
where FNABC was not conclusive, where there was caseation
and cold abscess formation they were subjected to drainage of
the abscess and the necrotic lymph nodes or granulation from
the floor of the abscess was subjected to histopathological
examination. GeneXpert study and resistance to rifampicin
was seen only in cases which were not responding to treat-
ment. This was because of the prohibitive cost of the gen-
eXpert (CBNAAT) study. However, since the Government of
India has offered free of cost geneXpert study in the district
hospitals we are subjecting every specimen of suspected
tuberculous cervical lymphadenopathy for the same. It helps
to diagnose tuberculosis within about three hours and even
give information about rifampicin resistance. Those with
rifampicin resistance are subjected to line probe assay, culture
& drug susceptibility testing and treatment is initiated

according to the report obtained. Of the patients subjected to
geneXpert study, rifampicin resistance was found in five cases
and those patients were referred to higher center for treat-
ment of drug resistance tuberculosis. Once confirmed as TB on
F.N.A.B.C. or lymph node biopsy (Fig. 2) the patient was sub-
jected to two month of intensive phase in form of rifampicin,
INH, pyrazinamide and ethambutol followed by four months
of continuation phase in form of rifampicin and INH (in cases
diagnosed before 2017) & rifampicin, INH and ethambutol (in
cases diagnosed from 2017 onwards). The dose of the drugs
was given as per kg body weight and was fixed as per the Table
1. Pyridoxine (Vitamin B6) was given in the intensive as well as
the continuation phase in the dose of 0.4 mg/kg body weight
once daily to prevent the side effect of INH in form of pe-
ripheral neuropathy.

3. Results

The factor or habit most common among all the patients
diagnosed with cervical lymphadenopathy due to tuberculosis
was consumption of unpasteurized milk as 967 patients
(94.93%) affected gave history of drinking unpasteurized milk
which is a very common practice in the rural set up of India
(Chart 1). Moreover nearly 64% of these patients gave a history
of not even boiling the milk before drinking. Only 51 patients
(5.03%) gave a history of drinking pasteurized milk when they
presented with the disease but even among them 66% had a
history of consuming unpasteurized milk for some years in
the past. Diabetes was the most common co-morbid condition
found in 61 (5.99%) patients along with HIV in 20 (2%) patients.
Swelling in the neck was the most common presenting
symptom found in all 1019 (100%) patients as shown in graph
1; of these, loss of weight was found in 152 (14.97%) patients
followed by low grade fever in 122 (12%) patients, abscess
formation in 112 (11.05%) patients and sinus formation in
nearly 2% patients.

Regarding the sensitivity of FNABC, histopathology and
bacterial study of all the cervical lymphadenopathy subse-
quently diagnosed as TB, FNABC was positive in 82% of

Fig. 1 — shows cold abscess formation at the cervical
region.
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Fig. 2 — shows lymph node biopsy performed under
general anaesthesia.

patients while HPE and CBNAAT were positive in 100% pa-
tients in whom the tests were performed. Table 2 gives the
account of the diagnostic method used and result of diag-
nosis. In some cases, even when FNABC was suggestive of
tuberculosis, excisional biopsy was done due to the large size
of the node and presence of caseation necrosis. Of the 611
patients in whom FNABC was done, 42% cases showed
epithelioid histiocytes, 26% cases showed giant cell granu-
lomas and few showed caseation necrosis. Solid nodes were
found in 489 cases and they contained giant cells, granu-
lomas, areas of necrosis and epithelioid histiocytes; in these
cases AFB was not done. Cold abscesses were seen in 122
cases wherein AFB was done and was positive and extensive
areas of necrosis and caseation. The commonest site of the
cervical lymphadenopathy/cold abscess was in the posterior
triangle of the neck in 743 (73.04%) patients of which 668
(90%) patients presented with a swelling in the supra-
clavicular triangle. Various clinical features associated with
tuberculous lymphadenitis are presented in Fig. 3. Of the 276

CLINICAL FEATURES

Swelling in neck Weight loss Fever Abscess formation Sinus formation

Fig. 3 — shows various clinical features and the percentage
of patients having the clinical features.

patients who presented with cervical lymphadenopathy in
the anterior triangle, the commonest group of lymph nodes
enlarged were the level II or the jugulo-digastric nodes in 231
(83.76%) patients, followed by the level I B or submandibular
group of lymph nodes in 33 (11.96%) patients and 12 (4.28%)
patients presented with level VI cervical nodes (prelaryngeal/
pretracheal) involvement which were mostly caseated. 173
(17.05%) patients presented with solitary lymph nodes of
more than two cm in size, 529 (51.95%) patients presented
with multiple discrete nodes of more than two c¢m in size, 183
(17.97%) patients presented with matted lymph nodes, 112
(11.05%) patients presented with caseation of lymph nodes
with cold abscess formation and 22 (2.15%) patients pre-
sented with sinus formation with pus discharge (Fig. 4).
Average size of nodes which diagnosed as tuberculosis on
presentation were 3*2 cm. The largest nodal mass was 8*6
cm and nodes as small as 1.5*1 cm too were diagnosed as TB
on biopsy or investigations to diagnose the bacteria like
CBNAAT. The patients were divided into four groups. A)
Those who presented with single lymph node enlargement
(43%). B) Those who had multiple lymph node enlargement in
a single group unilaterally (32%). C) Those who had multiple
group of lymph node enlargement unilaterally (20%). D)

Table 1 — Table showing doses of drugs as per recommendation of the national body for Tuberculosis control.

Weight Category Number of tablets Inj Streptomycin
Intensive phase Continuation phase
HRZE HRE

Kg 75/150/400/275 75/150/275 Gm

25-39 2 2 0.5

40-54 3 3 0.75

55-69 4 4 1

>=70 5 5 1

Table 2 — Table shows the account of the diagnostic method used and result of diagnosis.

Diagnostic methods for TB

Number of patients tested by

Number of patients detected = Percentage of positivity

used methods positive rate
FNABC 611 501 82%

Lymph Node Biopsy 800 800 100%
GeneXpert 300 300 100%
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Fig. 4 — shows patient presenting with sinus formation
and pus discharge.

Those having bilateral enlargement of lymph nodes which is
5%. 35 patients defaulted on the treatment and the treatment
was initiated again and they responded well to treatment. For
patients who had discontinued the treatment for less than a
month continuously, treatment was given for that many
additional number of days and for those who had dis-
continued the treatment for more than a month at a stretch
then the treatment was initiated as if it was a fresh case and
the treatment period before the time of default was not
considered. Five patients who did not respond to the treat-
ment were found to have rifampicin resistance. Paradoxical
reaction in form of appearance of new nodes, increase in size
of existing nodes and formation of new cold abscesses
occurred in 50 (4.95%) patients and of these cases, we had to
operate the ones having development of new cold abscesses
and they accounted for 1% patients. Paradoxical reactions do
not mean recurrence of disease. They subsequently respon-
ded well to the standard anti-tuberculous treatment
mentioned above. We observed several drug related compli-
cations as pyrazinamide, INH and rifampicin altered the liver
enzymes and caused hepatitis. Only those patients who
presented with persistent vomiting, anorexia or icterus were
subjected to liver functions tests. Liver enzymes were found
to be raised in 10 patients but it was raised more than five
times in five patients and those patients were referred to a
higher center for treatment. Hyperuricemia which is a side
effect of Pyrazinamide was found in 3 patients. Complete
resolution of lymph nodes was seen in 70.6% patients,
Average time taken for complete resolution was 63 days.
Enlargement of new nodes or necrosis of the existing nodes
probably due to resistance or paradoxical reaction was seen
in 9.6% patients. Lymph nodes which did not regress but on
repeat biopsy, were found to be negative on histopathology or
bacteriological study (CBNAAT) constituted 17.5% patients.
Lymph nodes which did not regress that were positive on
repeat histopathology and bacteriological examination
constituted 2.3% patients and they were referred to higher
government TB treatment center for culture and to find out

resistance to the commonly used first line anti-tuberculous
medicines.

4, Discussion

In this article we describe our extensive experience over 20
years in managing patients affected with cervical lymphade-
nopathy due to tuberculosis. The common clinical pre-
sentations which make us suspect that the patients are
suffering from tuberculous lymphadenitis, the investigations
which we use to confirm our diagnosis, our experience in
treating these patients and the complications we encountered
while doing the same are explained in detail.

Tuberculosis has been affecting mankind since time im-
memorial. John Bunyan in 18th century referred to tubercu-
losis as the ‘captain of all these men of death’. Though in the
western and developed world countries this disease has
become a rarity, it is still a big public health program in
developing countries like ours. It has been documented that
1.5% of the population of India is suffering from tuberculosis.’
What we have discussed here is the commonest form of extra-
pulmonary tuberculosis which presents in form of cervical
lymphadenopathy and passes through different phases from
a solitary lymph node, to getting matted due to periadenitis
and forming a large lymph node mass which ultimately un-
dergoes caseous necrosis with abscess and fistula formation.
This was famously called as ‘Scrofula’ or King's evil in the
early part of the last century when it was rampant in the
western world.

TB lymphadenitis may occur due to:

e Reactivation of healed focus involved during primary
infection

e Progressive primary tuberculosis i.e. spread from lung into

mediastinal lymph node

Spread from tonsil and

Hematogenous spread due to military TB.

The disease progresses as an early exudative lesion to a
caseous lesion and ultimately to late fibro-calcific lesion.®
Cervical lymphadenopathy may be due to other causes like
reactive lymphadenitis due to some non-specific infection in
the Head and neck area, infection by other mycobacteria, cat-
scratch disease, sarcoidosis, fungal disease, toxoplasmosis,
blood dyscariasis and primary or metastatic neoplasms.
Excisional biopsy has been supported classically as the
definitive diagnostic procedure for diagnosis of nodal TB.” The
diagnosis of TB is supported by identification of caseating
granulomatous inflammation with Langhans and foreign
body giant cells.? Even though it has been thought of as one of
the causes for generalized lymphadenopathy, the involve-
ment of inguinal or axillary group of lymph node was not
common in this study which was similar to the finding by few
other author.” " 43%—63% of all cases of cervical lymphade-
nitis are diagnosed as tuberculous cervical lymphadenopa-
thy.>° Tuberculous lymphadenitis is considered a local
manifestation of the systemic disease, whereas lymphade-
nitis due to non tuberculous Mycobacteria is truly a localized
disease.”” In our study of all the cases of cervical
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lymphadenopathy that we encountered, more than half (i.e.
54%) were due to Tuberculosis.

The commonest age group of affection was in the 2nd and
3rd decade of life. In our study we had a male preponderance
with approximately only 1/3rd of the patients being females
unlike what was found in studies conducted by a few other
authors.”'"'*7*° The correlation of neck node enlargement in
association with tuberculosis has been established by many
authors'>'° '8 and can be due to infection of adenoids, Wal-
deyer's ring and tonsils.

In this study, the diagnosis of extra pulmonary tuber-
culosis was done mainly by the presence of granuloma
with extensive caseous necrosis. Granulomatous condi-
tions of various diverse aetiologies apparently have related
histologic features, although the aetiologic agent is not
always identifiable. Although various infectious granu-
lomas showing histopathologic patterns be sufficiently
different to prevent an accurate diagnosis, atypical pre-
sentations may necessitate identification of the specific
aetiologic agent by direct microscopic examination, cul-
ture, serology, or molecular detection.'® There are a num-
ber of reasons for diagnosis of EPTB to be challenging
which are as follows: the paucibacillary nature of the
specimens, the lack of adequate sample amounts, or vol-
umes, the apportioning of the sample for various diag-
nostic tests (histology/cytology, biochemical analysis,
microbiology, and PCR), resulting in a non-uniform distri-
bution of microorganisms.”® Most of the available tech-
niques are low either in sensitivity or specificity as
compared to culture and thus the definitive diagnosis of
tuberculous lymphadenitis is often difficult.”* F.N.A.B.C. &
excisional biopsy for histopathology examination and
CBNAAT were the most commonly used investigation to
prove Tuberculosis and start anti-tuberculous treatment.
They were very reliable in F.N.A.B.C. had a positivity rate of
82% and excision biopsy specimen sent for histopathology
had a positivity rate of 100%. Presently we follow the gold
standard of diagnosing tuberculosis in the cervical lymph
nodes through microbiologic detection by Cartridge Based
Nucleic Acid Amplification Test (CBNAAT) or GeneXpert
and by histopathological examination.

Matting and fixity of lymph nodes to surrounding struc-
tures were present in 17.97% of cases while other observers
have observed in 66—79% of cases.’®'®*?> Matting is due to
periadenitis and is an important diagnostic criterion. In late
and untreated patients abscess formation and discharging
sinuses were also observed with weight loss, fever and night
sweats. Patients having HIV in our study were very only 1.95%
unlike other studies where the rate is higher.”* Because of the
challenges of diagnosing and obtaining positive cultures for
extra-pulmonary TB, treating patients for this disease has
been mainly empirical rather than based on drug suscepti-
bility patterns of infecting strains. Such empirical treatment
for patients with extra-pulmonary TB no doubt delays
effective treatment and may too often lead to a poor prog-
nosis. GeneXpert, an automatic molecular assay, has been
endorsed by the WHO based on a systematic review
demonstrating its excellent performance for detecting M.
tuberculosis and rifampicin resistance in various types of
specimens.”*

Patients were treated with drugs and doses as per the
recommendations of the national body for Tuberculosis
control (Table 1). Complete resolution of lymph nodes was
seen in 70.6% patients, average time taken for complete
resolution was about 9 weeks. Paradoxical reactions in form
of appearance of new nodes (and not recurrence) or increase
in size and necrosis of the existing nodes occurred in nearly 1
in 10 patients in our study. Similar type of paradoxical re-
actions were found in 13.4% patients in a study of 501 pa-
tients at Rabla hospital, Tunisia.?” Various studies have
shown the occurrence of paradoxical reactions in nearly
5—-35% patients. The reason for paradoxical reaction in a
cervical lymph node affected by tuberculosis is not very clear
but is probably due to an altered response of the body's
immunological system. The first theory of paradoxical reac-
tion is that it is probably due to delay in the immune acti-
vation and the alternative hypothesis is that it is a
hypersensitivity reaction to the antigen released from dying
mycobacteria. 2.3% of patients were diagnosed as having
tuberculous lymphadenopathy resistant to the routine rec-
ommended treatment. They did not regress in spite of 2
months of intensive phase and were found to contain active
bacteria on C.B.N.A.A.T. Second highest total number of
estimated MDR TB cases were in India 2008 while after China
(100,000 cases) according to WHO in 2010). Drug resistance
surveys in several states have indicated that the prevalence
of MDR TB in India is 2—3% among new cases and 12—-17%
among reinfection cases.”®

5. Conclusion

In conclusion, of all the cases for cervical lymphadenopathy,
about 65% of cases were of tuberculous cervical lymphade-
nopathy. Neck swelling, loss of weight, low grade fever,
abscess formation and sinus formation were the most
common clinical features seen. The most frequent site of
cervical lymphadenopathy for extra-pulmonary TB was the
posterior triangle of neck followed by the anterior triangle.
Males, young persons (<30 years of age), and persons living
in rural regions are at high risk for developing extra-
pulmonary TB especially those consuming unpasteurized
milk. Patients with diabetes and HIV have risk for extra-
pulmonary TB. It also was observed by us that most extra-
pulmonary TB are diagnosed from clinical symptoms,
which suggests a high likelihood of misdiagnosis and diag-
nostic delays of extra-pulmonary TB cases. The role of drug
susceptibility testing is important in successful develop-
ment of effective treatment regimens for patients with
extra-pulmonary TB due to increased trend of drug resistant
TB in India. All patients of cervical lymphadenopathy should
not be put on anti tuberculous treatment without microbi-
ological or pathological diagnosis which is unfortunately
still the case in our setup.
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Background: TB continues to ravage high burden countries despite aggressive TB control
measures. Poverty and adverse socioeconomic and cultural factors play a significant role in
stigmatization, causing delayed health care seeking, non-compliance to treatment and
spread of disease in the community. Women are more vulnerable to stigmatization, posing
the risk of gender inequality in health care. The objectives of this study were to ascertain
the degree of stigmatization and gender disparity in TB related stigma in the community.
Methods: Study was conducted among TB unaffected persons, using consecutive sampling
from bystanders of patients attending the hospital for diseases other than TB. Closed
structured questionnaire was used for measuring socio-demographic, knowledge and
stigma variables. Stigma scoring was done using TB vignette.
Results: Majority subjects (119 males and 102 females) were from rural area and low so-
cioeconomic status; more than 60% of males and females having college education. Half
the subjects answered more than half the TB knowledge questions correctly. Knowledge
score was significantly lower among females compared with males (p < 0.002) despite high
literacy. Overall stigma scoring was low (mean score = 15.9; total 75). Stigma was higher
among females compared with males (p < 0.002); more profound among females receiving
female vignettes (Chi-square = 14.1, p < 0.0001). The association was significant even after
adjusting for co-variables (OR = 3.323, P = 0.005). Low knowledge showed minimal (sta-
tistically insignificant) association with stigma.
Conclusions: Perceived stigma though low, was more among females and much higher with
female vignette, indicating significant gender disparity in stigma towards TB.

© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

1. Introduction

now heading towards TB elimination. However, in most of the
low economy nations TB continues to be a disease of high
morbidity and mortality. The economic, social, cultural and

Effective chemotherapy and robust TB control programs have
proved its results in high economy nations, where tubercu-
losis is no longer a public health problem. These countries are

geographical diversities had always been the challenges for
effective implementation of public health programs in these
countries.
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India had strengthened its National TB control program in
1990s with strong political back up and sustainable
budget allocation. Since then, the country had achieved
steadfast progress in achieving TB control bringing down
prevalence and TB deaths. However, there are concerns about
under reporting of TB cases and increasing drug resistant
tuberculosis in the country indicating major gaps in achieving
goals of TB elimination."

The major barriers of TB control have been identified as the
diverse socioeconomic and cultural characteristics of the high
burden countries. Despite the absolutely free TB services,
there is significant delay in health care seeking and non-
compliance to treatment facilitating disease transmission in
the community. The negative impact on TB services is
attributed to poverty and stigma related with TB.? '° Reports
also suggest that TB stigma is variable between the gender,
females being most affected than males.''*> Community
awareness programs has shown its effectiveness in reducing
stigma and facilitating early health care seeking and compli-
ance to treatment.”***

This study intends to determine the prevalence of
perceived stigma towards TB among subjects unaffected with
TB and to detect if the stigma is gender specific. The study is
expected to yield data that would be useful for designing
strategies for strengthening the TB control programs by
incorporation of suitable strategies for minimizing stigma in
the community.

2. Methodology

This was a cross-sectional survey conducted among by-
standers (respondents) of patients attending the out-patient
department of a tertiary care center in Ernakulam district of
Kerala. The primary objective of the study was to determine
the prevalence of perceived TB related stigma among subjects
who were not affected with the disease and to detect if there is
gender disparity in perceived stigma.

Stigma scoring was done using a questionnaire based on
male and female vignettes, describing a scenario where pa-
tients are diagnosed with TB. Each respondent was given one
vignette. Recruitment was made in such a way to include
equal numbers of males and females and one half of either
gender received male vignette and the other half received fe-
male vignette. Thus, there were four groups of respondents:
male receiving male vignette (group 1), male receiving female
vignette (group 2), female receiving male vignette (group 3)
and female receiving female vignette (group 4).

Sample size was calculated for detecting minimum 10%
higher prevalence in stigma towards female vignette
compared with male vignette. Statistical assumptions for
calculating the sample size were based on a pilot study in
which 30% of study subjects were detected to have stigma
towards tuberculosis. To detect 10% difference in prevalence
of stigma between groups (with a-error less than 5% and B
more than 80%), sample size was estimated as 48 for each
group (total 196 for four groups). Consecutive sampling was
done till sample size of 48 was met for each group. Re-
spondents were identified from out-patient departments of
medical and allied specialties of the hospital. Subjects who

had tuberculosis or whose relatives had tuberculosis anytime
in the past were excluded. Respondents aged more than 18
years were included. From each family only one respondent
was recruited. Respondents of patients having severe illness,
non-natives of Kerala who had been residing in Kerala State
for less than one year, those having poor cognitive powers or
who cannot communicate effectively, who cannot commu-
nicate in Malayalam or English and those not willing to give
written informed consent were excluded.

Structured self-administered questionnaire was given to
eligible subjects after obtaining signed informed consent. The
questionnaire was prepared in English, translated to Malaya-
lam (local language) and back translated to English for main-
taining the equivalence of the tool. All questions were having
objective answers only. Standardization and pilot testing of
the questionnaire were done in the same setting. Subjects
enrolled for pilot testing were excluded from study. Subjects
who were unable to comprehend the questionnaire them-
selves were assisted by the research assistant to fill up the
data.

The questionnaire had three sessions, one about socio-
demographic details, second about knowledge and aware-
ness about tuberculosis and third about their perceived stigma
towards tuberculosis. Socioeconomic status of the subjects
was assessed using revised Kuppuswamy's socioeconomic
status scale 2012.">'°

In second session for knowledge assessment, there
were questions about the etiology of the disease, how the
disease spreads, symptoms and about the availability and
access to services for diagnosing and treating the disease
(total score of 36).

The session on stigma included questions enquiring if
patients diagnosed with tuberculosis will be secluded and ill-
treated by their spouse, family members, friends, co-workers
and employers. It also included questions seeking their
perception and beliefs on marital disruption and difficulty of
the affected person or their siblings for getting marriage alli-
ances. The stigma tool was adopted from Explanatory Model
Interview catalogue (EMIC) instrument. EMIC is a tool for
assessing the perspectives of patients or public regarding
diseases that have significant socio-cultural association. This
tool is widely used for assessing stigma associated with
chronic disease like tuberculosis and HIV.”

Male and female vignettes were used for getting data on
prevalence and gender disparity in stigmatization. Items for
scoring stigma were similar for male and female vignettes,
total score being 75. Ethical clearance was obtained from
the Institutional Ethics committee before the start of the
study.

3. Results

221 subjects were recruited, 119 males (53.8%) and 102 females
(46.2%). Mean age of the study subjects was 39.4 (SD 12.7). 57
males (group 1) and 62 females (group 3) received male vi-
gnettes. 49 males (group 2) and 53 females (group 4) received
female vignettes.

There was no significant difference in the sociodemo-
graphic features between the four groups (Table 1). Males and
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females had same level of literacy, 61.3% (n = 73) and 64.7%
(n = 66) respectively having college education.

Total score for knowledge (and awareness) on TB was 36
and mean score for all respondents was 19.92 (SD 4.9). 50% of
the subjects answered more than half the questions correctly
(median = 18). Respondents were categorized into high vs low
knowledge groups using cut off at median score for knowledge
(score 18). It was observed that knowledge score was higher
among males (significant p < 0.002) and respondents from
higher SES strata, statistically insignificant, p < 0.055 (Table 2).
This was ascertained in Mann—Whitney U analysis where
male gender and high socioeconomic status showed signifi-
cant positive association with high knowledge score (p < 0.002
and .032 respectively). Age and residency location (urban vs.
rural) did not show significant difference in knowledge
scoring (Table 2).

Stigma scoring was done using male and female vignettes,
total score being 75. Overall stigma score among the re-
spondents ranged from 0 to 52, with mean, median and mode
of 15.9, 14.0 and 3.0 respectively. Subjects were categorized
into two groups for analytical purpose as high stigma versus
low stigma group with cut off at score 19.

Prevalence of high perceived stigma (score >19) was
observed among 31.7% (n = 70) of study subjects, 22.7% (n = 27)
and 42.2% (n = 43) among males and females respectively.
Univariate analysis was done to determine the association of
sociodemographic variables, knowledge status and type of
vignette with stigma. It was observed that age and residency
location (urban vs rural) showed no relationship with stigma.
High stigma was observed among respondents with low
knowledge score (OR = 1.71) but was not statistically signifi-
cant. Among all variables, female gender showed highest as-
sociation with stigma (statistically significant OR = 2.48,
p < 0.002; Table 3). Study subjects who received female
vignette reported perceived stigma more frequently than male
vignette, but the difference was not statistically significant
(OR = 1.35, p = 0.32).

In univariate analysis of four categories of respondents
(group 1 to 4) with stigma, significant difference in stigma
reporting was observed between groups (Chi-square = 16.1,
P = 0.001). The difference was more profound in stigma
reporting by female respondents towards female compared

with male vignettes, 52.8% (n = 28) and 19.4% (n = 12)
respectively. In the case of male respondents, the response
was similar across both vignettes (Table 4 & Fig. 1). In stratified
analysis (Table 4), it was observed that variability in stigma
response towards male and female vignettes was highly sig-
nificant for female respondents (Chi-square = 14.1, p < 0.0001),
whereas for male respondents the response was not different
(Chi-square = .24, p = 0.62).

Multivariate logistic regression analysis using enter
method was done to identify the relative strength of associa-
tion of variables with stigma. The variables included were age,
socioeconomic status, urban/rural residence, knowledge sta-
tus and the gender and vignette group (group 1—4). Group 1
(male receiving male vignette) was the reference category for
‘group’. The only variable that retained significant association
with high stigma was group 4 (i.e., female subjects responding
to female vignette; OR = 3.323, P = 0.005). Socioeconomic
status and knowledge were observed to have minimal rela-
tionship with stigma and was not statistically significant
(Table 5).

4, Discussion

Stigma is a state where a person is devalued due to the pres-
ence of a particular social or medical condition. This leads to
altered behavior of the affected person or the community
leading to exclusion, rejection, blame, or discrimination.”’
Stigma is a major barrier for TB control as it is associated
with delayed health seeking and non-compliance to treat-
ment favouring disease transmission in the community.*°
This study was done to determine the gender disparity
and extent of stigmatisation among unaffected individuals. It
was conducted among bystanders of patients attending out-
patient department of a tertiary care centre for diseases
other than TB. The questionnaire included three parts, one
for data on socio-demographic characteristics, second for
assessing knowledge and awareness on TB and third for
assessing perceived stigma towards TB. We excluded sub-
jects who themselves or their immediate relatives had TB
any time. Participants were mostly middle-aged subjects
(mean age 39.4) hailing from rural area (79.2%) and belonging

Table 1 — Baseline characteristics of study population.

Variables Total Male Female

22 Group 1 Group 2 Group 3 Group 4

(n=157) (n = 49) (n=62) (n=153)

Age-mean (SD) 39.4 (12.7) 41.0 (14.7) 38.5 (10.8) 39.2 (13.2) 38.7 (12.7)
Urban: n, % 46 (20.8) 10 (17.5%) 10 (20.4%) 16 (25.8%) 10 (18.9%)
Rural: n, % 175 (79.2) 47 (82.5%) 39 (79.6%) 46 (74.2%) 43 (81.1%)
Upper SES? 7 (3.2) 4 (7.0%) 1 (2.1%) 1 (1.6%) 1 (1.9%)
Upper middle SES? 33 (15.0) 10 (17.5%) 2 (4.2%) 13 (19.4%) 8 (15.4%)
Lower middle SES? 73 (33.0) 23 (40.4%) 18 (37.5%) 20 (32.3%) 12 (23.1%)
Upper lower SES? 105 (47.5) 20 (35.1%) 25 (52.1%) 29 (46.8%) 31 (57.7%)
Lower SES*® 3(1.4) 0 (0%) 2 (4.2%) 0 1 (1.9%)

Group 1 = Male receiving Male vignette, Group 2 = Male receiving Female vignette.
Group 3 = Female receiving Male vignette, Group 4 = Female receiving Female vignette.

& Socioeconomic status.
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Table 2 — Relationship of knowledge score with sociodemographic variables.

Variables Knowledge Knowledge Knowledge Chi-square
Mean, Median, SD score >18 n (%) score <18 n (%) P value

Age <40 20.2, 19, 5.3 2 (54.4%) 2 (45.6%) 9

Age >39 19.6, 19, 4.7 9 (55.1%) 8 (44.9%) P=1.0

Male 20.8, 20, 4.8 7 (64.7%) 2 (35.3%) 10.3

Female 18.9, 18, 5.0 44 (43.1%) 8 (56.9%) P = 0.002

Urban 185,19, 5.1 4 (52.2%) 2 (47.8%) .156

Rural 20.3, 19, 4.9 7 (55.4%) 8 (44.6%) P =0.741

SES® High 20.7,20.5, 5.1 4 (62.8%) 2 (37.2%) 3.67

SES® Low 19.4, 18, 4.8 7 (49.6%) 8 (50.4%) P = 0.055

2 Socioeconomic status.

Table 3 — Relationship of Stigma with type of vignette, knowledge and socio-demographic variables.

Variables Low stigma High stigma OR P value
(score <19) n = 151 (score >19) n = 70

Age <40 9 (69.3%) 35 (30.7%) 1.097 (.622, 1.934)

Age >39 2 (67.3%) 35 (32.7%) P =077

Male 92 (77.3%) 27 (22.7%) 2.48 (1.38, 4.44)

Female 9 (57.8%) 43 (42.2%) P = 0.002

Urban 29 (63.1%) 17 (36.9%) 1.13 (.58, 2.22)

Rural 105 (60.0%) 70 (40.0%) P =073

High SES® 55 (64.0%) 31 (36.0%) 1.44 (.78, 2.47)

Low SES® 6 (71.1%) 39 (28.9%) P =0.27

High knowledge 9 (73.6%) 32 (26.45%) 1.71 (.96, 3.02)

Low knowledge 62 (62.0%) 38 (38.0%) P =0.081

Male vignette 6 (71.7%) 30 (28.3%) 1.35 (.76, 2.4)

Female vignette 5 (65.2%) 40 (34.8%) P =0.32

2 Socioeconomic status.

to low socioeconomic status (80%). As expected for Kerala,
the literacy level of the respondents was found to be high,
more than 60%of males and females having college educa-
tion. Overall, knowledge on TB was found to be good, more
than half the respondents had answered more than 18
questions (out of 36) correctly. Despite the high literacy rate,
knowledge score among females was found to be signifi-
cantly lower than male respondents (p < 0.002). Subjects from
high SES strata and urban setting had higher knowledge
score compared with their counterparts, but not statistically
significant.

Poverty, poor literacy, misconceptions and poor public
health awareness are factors associated with high stigma in a
community. In this study, neither the study subjects, nor their

immediate relatives were having TB. Probing was done to
identify their perceptions on how much discrimination a TB
affected individual would have to face from the family and
society. Thus, this study aimed to measure the perceived stigma
(perception of an unaffected person) in contrast to the stigma
experience of affected persons (anticipated, internalised and
enacted stigma).

The questions included were: whether they would feel
ashamed or disrespectful in the society, their perceptions on
rejection by family, society and employer and about marital
disharmony and difficulty in getting marriage alliances. When
compared with studies within the country and other nations,
it was observed that the overall stigma score for the study
population was considerably low.***°

Table 4 — Table showing univariate analysis of Stigma with Study Groups and Gender.

Group Low stigma High stigma Chi-square for
(score <19) (score >19) gender strata
Group 1* 42 (73.7%) 5 (26.3%) Chi-square = 16.1 Male strata
Group 2° 34 (69.4%) 5 (30.6%) P =0.001 Chi-square = .24
P =0.62
Group 3° 0 (80.6%) 2 (19.4%) Female strata
Group 4* 25 (47.2%) 28 (52.8%) Chi-square = 14.1

P < 0.0001

2 Group 1 = Male receiving Male vignette, Group 2 = Male receiving Female vignette, Group 3 = Female receiving Male vignette, Group
4 = Female receiving Female vignette.
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Respondent Group and Stigma

m| ow stigma

Male Respondents

Chi-sq=0.24
p=0.62

69.40%
30.60%
26.30%

Group 1 Group 2
Male Vignette Female Vignette

73.70%

High stigma

Female respondents

80.60%
47.20%

I I I

Group 3
Male Vignette

Chi-sq=14.1
P<0.0001

52.80%

Group 4
Female Vignette

Fig. 1 — Relationship between stigma, gender and study groups. Footnote: Group 1 = Male receiving Male vignette, Group
2 = Male receiving Female vignette. Group 3 = Female receiving Male vignette, Group 4 = Female receiving Female vignette.
Legend: It can be seen that stigma perception among male respondents was not different between male vs. female vignettes
(p = 0.62), whereas female respondents reported more stigma towards female vignette compared with male vignette

(p < 0.0001).

More than half the participants had stigma score less than
14 (out of total score 75) and less than one third subjects had
high perceived stigma (score >19). It was observed that fe-
male gender (OR = 2.5, p < 0.002), those with low knowledge
(OR =17, p = 0.08) and low SES (OR = 1.4, p = 0.27) had higher
odds for TB related stigma in the order of statistical signifi-
cance. Overall, no significant difference was observed in re-
ported stigma towards male versus female vignettes.
However, the gender disparity in stigma reporting was
evident in stratified analysis. More than 70% of male partic-
ipants reported not having stigmatisation to TB and it was

almost equal towards the male and female vignettes. On the
other hand, more than half the females reported having
perceived stigma towards female vignette, in contrast to less
than 20% females reporting perceived stigma towards male
vignette.

There are many socio-economic and cultural factors that
contribute to stigmatisation of a disease. It is observed that TB
related stigma has an indirect relationship with knowledge
and awareness on TB and is associated with female gender,
poor literacy, rural residency and low socio-economic
status.>'%%°

Table 5 — Multivariate Logistic regression analysis showing Association between stigma and variables.

Variables in equation B SE, Wald df Sig. Exp(B)
AGE .007 .013 294 1 .588 1.007
Urban/Rural -.306 .367 .696 1 404 737
SES* -.633 346 3.347 1 .067 .531
KNOW? .367 314 1.365 1 .243 1.443
Group 1" 14.777 3 .002

Group 2° 311 .449 481 1 488 1.365
Group 3% -.413 449 .847 1 .357 .661
Group 4° 1.201 430 7.782 1 .005 3.323
Constant -.902 .657 1.885 1 170 .406
3: Group 1 = male receiving male vignette, group, 2 = male receiving female vignette, group 3 = — female receiving male vignette and group

4 = female receiving female vignette.
Y Group 1 was entered as the reference category for variable ‘Group’.
& SES- socioeconomic status, 2: KNOW- knowledge status on TB.
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In this study, although participants were mainly from rural
areas, high literacy rate was noted which was consistent with
the high literary status of the State. On the other hand, gender
equivalence in literacy rate did not reflect in the knowledge
score and prevalence of perceived stigma. It was observed that
significantly fewer proportion of females had sufficient
knowledge and awareness about TB compared with males
(43.1% vs. 64.7%, p < 0.002), indicating discordance between
literacy status and disease related knowledge. The data in-
dicates that that the knowledge and awareness on TB is lower
among females and those from low SES, contributing to stig-
matisation. These observations are consistent with previous
publications, indicating the role of socio-cultural factors for
stigmatisation towards diseases like TB.**"*?

Differential scoring for perceived stigma towards male and
female vignettes by females (and not males) was indicative of
gender discrepancy in perceived stigma towards TB. Gender
discrimination is not uncommon in our community and it is
possible that females would have experienced more enacted
and internalised stigma or discrimination in their lifetime
towards other medical or social issues.

Negative perceptions of females towards TB tempt them to
keep their illness a secret. In a study conducted in Peru, the
authors reported that men are unconcerned about opinions of
others about their illness, in contrast to women who felt fear
of prejudice and rejection from family and society, causing
delayed health seeking.”®

Stigma is classified into four categories: perceived stigma
(perception of an unaffected person about affected persons),
anticipated stigma (expectations of an affected person on being
devalued or prejudiced post disclosure), enacted stigma (expe-
riences of discrimination, prejudice) and internalized stigma
(endorsing negative feelings and beliefs associated with the
stigmatized condition).?***

Comprehensive data on stigma should assess all four cat-
egories of stigma: perceived stigma, anticipated stigma,
enacted stigma, and internalized stigma. Hence appraising
stigma would require measurements at different levels: pa-
tient level, family members, co-workers, health workers and
the public.>?*%¢

Further, stigma data is a subjective feeling and requires
qualitative tools for its measurements, adding to the
complexity of stigma studies. It is recommended to have a
combination of qualitative and quantitative tools for stigma
studies. The lone use of quantitative tools is not sufficient to
expose all aspects of stigmatization.”’

As the objective of this study was to identify stigma per-
ceptions among people who are not affected with the disease
(perceived stigma), the study was designed to survey subjects
not affected with TB. We carried out the study among by-
standers of patients attending a tertiary care hospital for ill-
nesses other than TB, using closed structured questionnaire.
Qualitative study was not possible because of resource limi-
tations and time constraints. These are major setbacks of this
study; limiting comparison with other studies conducted
among TB affected individuals using qualitative methods.

It can be presumed that the extremely low perceived
stigma among the participants could be due to these meth-
odological differences. The attitude and response of people
not affected with disease would be different from that of

affected persons and it quite possible the subjects in this
study would have answered the questions in an unconcerned
manner. On the other hand, the low stigma observed can be
real as Kerala has the top rank in literacy and health indicators
among all the states in India.

Most of the publications are based on studies for ascer-
taining enacted or internalized stigma among TB patients and
few studies included perceptions of the public and care givers.
Studies from TB high burden countries indicate existence of
high degree of enacted and internalized stigma in the com-
munity, adversely affecting effective implementation of TB
control programs.?®3!

TB related stigma is reported to be very high in India.?

In a nation-wide community survey conducted in 30 cities
in India, it was estimated that 73% of the population had
perceived stigma towards TB. Significant knowledge gap was
observed in this study which showed high degree of variability
between study sites.*® It was also observed that TB related
stigma is closely related with poverty and poor socio-
economic status.>***> An international study reported that
among the four countries studied, stigma index was highest in
India, discouraging people from health care seeking and
treatment completion.” Yet another study reported that peo-
ple who believe that TB is curable are less vulnerable to stigma
and have better adherence to treatment.*®

In our study it was observed that the negative feelings about
TB were more commonly reported by female respondents,
despite that the literacy level of women was found to be equal
to men. However, it was observed that women had signifi-
cantly lower level of TB knowledge and awareness, probably
indicating that women were not exposed to health education
programs. The stereotypical roles assigned to either gender in
the community could have resulted in fewer opportunities for
women to get educated on health issues, emphasizing the role
of health education programs even among literate groups. It is
also possible that the experience of enacted stigma due to any
social issues would be more among women than men,
prompting them to disclose their negative feelings. Previous
studies have reported such gender disparity in stigma, asso-
ciated with delayed health seeking and non-compliance to
treatment by women compared with men.'>%23:3%37

It has been identified that socioeconomic inequalities
prevailing in a community cause delay in diagnosis and non-
adherence to treatment, adversely affecting the fate of current
TB control programs. There is a growing consensus that TB
control programs should include socio-economic and com-
munity educational interventions to overcome these social
barriers.?®*°

Evidence on impact of social interventions on outcome of
TB control programs are yet to be available as there are not
many studies on this perspective. Recent studies in few high
burden countries indicate that the treatment compliance,
cure rate and contact reporting for screening have consider-
ably improved with schemes providing educational modules
and social and financial support to the patients and fami-
lies.** ** Government of India is taking rigorous measures for
eliminating TB from the country by 2025. Despite the huge
investment for TB control in India over the past few decades,
significant lag is observed in achieving the goals of End TB
strategy. Experts are of the opinion that stigma and its social


https://doi.org/10.1016/j.ijtb.2022.03.028
https://doi.org/10.1016/j.ijtb.2022.03.028

174 INDIAN JOURNAL OF TUBERCULOSIS 70 (2023) 168—175

determinants (poverty and lack of knowledge) are the major
barriers of TB control in high burden countries. It is high-
lighted that unless the nations take prudent steps for social
interventions for alleviating poverty and stigma, investments
for TB control would go futile.*»*> Gender differences in TB
related stigma existing in high burden countries warrants the
need for gender specific research and interventions.”

Most nations have not yet seriously considered social
intervention as a part of National TB control programs. Being a
complex issue with wide regional diversity it is extremely
challenging to execute social interventions appropriate to
each location and nations would have to boost the budgeting
towards TB control. The advocacy is to develop a compre-
hensive patient centered model for addressing poverty and
social determinants of TB with the partnership of different
disciplines. We need to have clear understanding of the extent
and nature of socio-economic barriers pertinent for each
community to formulate such initiatives. It is envisaged that
research oriented social interventions incorporated with
current TB control programs would be more cost effective and
yield immediate results in containing the disease.

5. Summary

Perceived stigma towards TB was observed to be very low
among the population studied, possibly attributable to the high
literacy and high health indices of Kerala State. However
methodological drawbacks of this project limit comparison with
other studies as it could also be an underestimate of the true
state. Nevertheless, the high stigma reported by females
particularly towards female vignette indicates significant
gender disparity towards TB related stigma. Experts are of the
opinion that unless social interventions addressing the socio-
economic barriers are integrated with the TB control pro-
grams, the disease will continue to thrive as the major public
health problem of low economy nations. More research is war-
ranted for understanding the root cause of the social problem
and its impact on TB control. TB control programs need to be
strengthened by incorporating research oriented social in-
terventions with special focus on underprivileged groups and
females. Such a strategy is envisaged to be more cost-effective,
yielding early results towards achieving goals of end TB strategy.
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Available online 22 April 2022 facilities, has been suggested as a means to reach TB cases not reported or diagnosed.
However, CTBC is in the formative stage in Nigeria, and the experiences of Community
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Community-based the experiences of CTVs in Ibadan North Local Government.
Infectious Methods: A qualitative descriptive design with focus group discussion was adopted. CTVs in
Diseases the Ibadan-north Local Government were recruited, and data were collected using a semi-
Care structured interview guide. The discussions were audio-recorded. Qualitative content

analysis method was used for data analysis.
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1. Introduction

According to the Global Tuberculosis Report of 2020, Tuber-
culosis (TB) has continued to be a major source of health
problem worldwide, over the years.” It remains the leading
cause of death from a single infectious agent, and one of the
top 10 causes of death worldwide.»> TB, a communicable
disease caused by the bacillus Mycobacterium tuberculosis
typically affects the lungs (known as pulmonary TB) but can
also affect other sites (known as extra-pulmonary TB).?

WHO developed the Stop TB strategy in 2006.° One of the
components of the End TB Strategy is to empower the com-
munity to take charge in the prevention and control of TB.* In
2008, the World Health Organization gave a list of national
guidelines for the prevention and control of TB, Community-
Based Tuberculosis Care being one.”

“Community-Based Tuberculosis Care (CTBC) activities refers to
activities that extend beyond the premises of formal health fa-
cilities to community-based structures (for example, schools and
places of worship) and households.”®

CBTC has been piloted in six East-African and two South-
African countries that were severely affected by TB/HIV in
Africa. The review project concluded that these CTBC projects
were effective, affordable and acceptable.” The report rec-
ommended that National Tuberculosis Control Programs
should consider harnessing community contribution into TB
care, especially in places where there is a need to increase the
accessibility of effective TB care. Similar results were obtained
in a community-based project in the Republic of Indonesia in
2001.” CTBC has been said to reduce the risk of TB infection in
a community while reducing stigma about TB in the com-
munity.* CTBC could aid case finding, default tracing, com-
munity awareness campaigns, prevention of transmission of
TB and treatment support.2*°

Although Nigeria is making progress in its fight to reduce
the burden of the TB disease majorly through the expansion
and enhancement of Directly Observed Treatment Short
Course (DOTS) since 2002, the progress is still considered
slow.® Therefore, CTBC has been proffered as the solution to
the estimated one-third of TB cases in the world that are still
either not reported or not diagnosed. However, CTBC in
Nigeria is still immature, and its level in Nigeria is yet to be
fully developed.” The Center for Disease Control and Preven-
tion in 2013 has explained the need for Community TB Vol-
unteers (CTVs) as grass-root personnel with specified roles for
the CTBC.?

To become a CTV, The National Tuberculosis and Leprosy
Control Programme specified that such person must be living
in the community, recognized and recommended by the
community, able to speak the local languages, and willing to
be part of the program. This is believed to help improve
effective communication between the CTV and the commu-
nity they serve .’°The use of trained CTVs to spread infor-
mation on TB was found to have improved the overall
knowledge and attitudes of patients with TB'!; and made

access to treatment less stressful, because it required less
effort and the patient could negotiate a more flexible and
convenient time schedule with the CTV.'? Previous studies
reported that CTVs are faced with challenges like lack of
family support, poor remuneration, shortage of staff, poor
information system, poor drug supply and lack of
incentives.”> ™ Also, another study reported that the effec-
tiveness of the CTVs was diluted as they were overworked
from attending to other duties such as malaria case finding
and treatment, treatment management of pneumonia and
diarrhea.'®

In Oyo State, to the best of our knowledge, this is the first
study that will document the experiences of CTVs. It is hoped
that this study will help to identify the extent to which CTBC is
practised in the LGA and the challenges that are militating
against the operationalization will also be identified. All these
will help policymakers, health professionals, and the com-
munity at large to know the proper steps to take in eradicating
TB in the local government and by extension, align this state
with the global target of ending TB by the year 2035, as stated
in the third target of the End TB strategy.

2. Methods

Design: Owing to the knowledge gap in understanding the
experiences of CTVs, a qualitative descriptive design’’ using a
Focus Group Discussion-where the facilitator takes a periph-
eral role to guide the discussion while exploring individual
and shared perspectives-'® was deemed appropriate for this
study. The Consolidated criteria for reporting qualitative
research (COREQ) guidelines™ were used for reporting this
study.

Ethical Considerations: Ethical approval was obtained from
the ethical committee of the Department of Planning,
Research and Statistics, Ministry of Health, Oyo State, with
approval no: AD13/479/306. Consent was sought from all the
participants after the principal investigator had fully
explained the purpose of the study and the method of data
collection. Participants were informed that they could with-
draw from the study whenever they wished without facing
any consequence. Anonymity and confidentiality of the par-
ticipants were upheld as each participant was identified with
a unique identification code that could not be traced to the
participant. Study files were stored in a locked cabinet.

Procedure and Sample: Total population sampling, a type of
purposive sampling that involves selection of the entire pop-
ulation”® was used to select all ten CVs in the LGA for the focus
group discussion. Data collection spanned for one hour 15
minutes. Participants converged at Idi-Ogungun Primary
Health Care centre for the sessions. The discussions were
audio-recorded, while the observer took notes.

Analysis: Qualitative content analysis, which is a method of
choice for descriptive qualitative studies'” was used for data
analysis. The principal investigator transcribed the audio
recording verbatim and compared the transcript with the
notes that were taken. Three levels of coding were used. Level
1 entailed coding the participant's responses with as many
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keywords as possible. In level 2, keywords from level 1 were
organized into clusters; while in level 3, broad themes that
formed an umbrella for more than one theme were identified
from the clusters.

2.1. Rigour

To accurately present the experiences and conclusions of the
participants, some steps were taken to ensure rigour throughout
data collection and analysis. To ensure credibility, open-ended
questions were utilized. Dependability and transferability
were ensured through audit trails by the last author, who was
not involved in the data collection process. Confirmability was
ensured by reviewing the themes, participants’ quotes and in-
terpretations to ascertain congruence and validate findings.”"*?

3. Results
3.1. Socio-demographic characteristics

The ten participants were community TB workers at Ibadan
North Local Government. Each of them had been allocated to
different slums. Two of them were males and the rest, fe-
males. They were members of the community where they
lived and worked. Most of them had secondary certificate
qualifications. They were all from the Yoruba tribe, and they
spoke the language very fluently. The findings of this study
represent the respondents’ CTBC experiences and challenges
with CTBC activities. Four themes with subthemes were
derived and are explained further below.

3.1.1. Themes

Concepts identified from the qualitative data were categorised
into four major themes. The elements of these themes were
further discussed in sub-themes.

1. Community tuberculosis volunteers' activities

These sum up the CTBC activities reported by the partici-
pants. They are further explained in the following three
subthemes.

i) Case-finding

Participants explained that they had to move into the
neighbourhood searching for new cases. This they sometimes
do en-masse through public address systems like mega-
phones. Sometimes, the patients find the CTVs at their homes,
even late into the night.

“It is not that we sit down at a point, and we wait for the patients
to come and meet us. We go around on case-finding missions.
Also, there are times that all the community TB workers gather
together for advocacy. We do it slum by slum ...” (P 4)

“In fact, we have megaphones that we use for awareness pro-
grams when we move around” (P 7).

“One of the patients I am treating presently was brought to my
house 11pm in the night!... In fact, I did not want to open the door
because I was not sure of who was at the door until I picked the
voice of the community PRO. Instantly, I gave him the specimen
bottle for the sample and first thing the next morning, we went to
the facility for laboratory test” (P2).

ii) Awareness rallies in the community

The participants explained that they create awareness by
holding rallies frequently. In order to draw the attention of
community members, self-composed songs related to TB, its
side effects and treatments are sung in the local language.
Participants explained that they often access more slums in
the rally since they must go on the rallies on foot.

“We hold rallies frequently, and we sing different songs to catch
the awareness of the people while at the same time passing the
important information to them” (P 10).

“In fact, we go beyond our slums. There are just eight slums in
this local government, but we make sure we even cover the slums
that are not shortlisted for this program in this local government.
Similarly, we even go beyond this local government regarding our
advocacy trips” (P 8).

iii) Community education

Participants in this study expressed that since they have
been equipped with training about CBTC, they go about the
participating communities and more to educate community
policymakers and those who influence the day to day activ-
ities of community dwellers like religious leaders and traders.

“As you know that this is the community where we dwell, we
gather the gate-keepers, community members, traders, pastors,
imams, artisans, Landlord associations, etc. together and by this,
all the community members are aware that CTBC services are
available in the community” (P 9).

2. The need of the patient living with TB

Three subthemes emerged under this theme. The needs of
the patients were documented as financial, psychological and
medications.

i Finances

Participants expressed that in their experience dealing
with patients living with TB or undergoing TB treatment,
financial constraint has been the main challenge of the pa-
tients. They reported that this challenge transcends all areas
of the patient's life including feeding, transportation to the
treatment centre, and the purchase of medication.

“In Nigeria, a severe problem that we have is economic recession.
These patients will need to take drugs, but they do not have the
food to eat; some, not even garri. They are not able to take a
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balanced diet. These drugs require that the patients feed very
well” (P 3).

“Also, some patients do not have the transport fare to reach the
health facility. In this case, we help them to get the drugs and
take it to them at home” (P 2).

ii Love, attention and support

Another major challenge that patients faced based on the
participants’ experience in this study is unmet psychological
needs such as family or social support. Support from family
members was the most commonly mentioned unmet needs of
patients living with TB.

“In the case of one of my patients I am treating, it was from a
heart-to-heart talk that I discovered that he is not using his drugs
very well. After discussing with him, I also talked with his family
members, and when all these were not bringing the needed
change, I brought the boy to the Tuberculosis and Leprosy Control
Officer in the Local Government (P 7)”.

“They must not be stigmatized. There is one of the patients I take
care of, I am the one that feeds him morning, afternoon, and
night. Stigmatization against them can even make them
depressed leading to their death” (P 8).

“As the patients living with TB are very weak and they do not
have the strength to do many things, their family members need
to really support them in their activities of daily living” (P 6).

iii The need for multivitamins and blood-building drugs

Aside from medication for TB, most of the participants
stressed that patients need multivitamins in order to improve
and maintain a balance in their health. While the patients
were on the anti-TB drugs, the need for other drugs was
stressed.

“Many of these patients do not even have the money to eat
let alone buying blood-building drugs. If the government can
provide these drugs, it will go a very long way in helping the
patient. For a patient of mine, I am the one that bought Vitamin B
Co. for him with my money. It is Astymin that is usually pre-
scribed for them and many of them don’t even have the money”
(P4).

“Multivitamins were prescribed for one of my patients. On getting
to his place before coming here this morning, he told me that he
could not afford it since he just had 400 naira and the total
amount was 900 naira” (P 3).

3. Success stories

The participants commented on the level of success they
have recorded so far. In all, they had attended to 70 patients.
The success stories they shared appeared to be a
consolation that they were doing the right thing for their
community.

“I saw a patient in July that was positive for TB and HIV. He had
become a walking skeleton! If you see him today, you will not
know that he has had TB. He is now looking very healthy and
strong. God has helped me so far with all my patients as none of
them died and all of them have been complying with their med-
ications” (P 8).

“I have made a lot of successes. One boy was brought to me from
Lagos. When the boy came, his body was as white as paper. They
thought that it was a spiritual attack. This is because the child
fought with another child before the sickness started, and they
were thinking it was the child’s mother that was behind the
predicament, and needed to be appeased and they have bought
five sheep to offer as sacrifice. Within just two weeks that the boy
started the drugs, he had seen considerable changes. Anytime the
boy or his parents call me, they are always showering prayers
like I did something special” (P2).

“I have a patient with me. In fact, He had been declared ‘dead’ at
the Central Mosque around our area, and he was taken to UCH
and was resuscitated, and they couldn’t really establish a diag-
nosis. He was however discovered to be coughing. I collected the
sample it was negative. I now went ahead to do the x-ray, and the
results revealed that he had TB. Since then, he has been on the TB
treatment and is making marked progress.

Now, you can’t even see him and say he has had TB before” (P 6).
4. Challenges faced by CTVs

Four categories of challenges were identified as explained
in the following subthemes:

i Myths and misconceptions

While the CTVs have organised health education and
awareness campaigns, some misconceptions among the
community members were still noticed.

“The first challenge is that people are not well informed about
this disease. Anytime we want to get sputum from our clients,
some think we will be using it for fetish purposes. Their orien-
tation is not enough” (P 5).

“In fact, there was a time we went to take the sputum in a
herbalist’s house and you can’t believe that the herbalist said we
must return the saliva we collected earlier on. It was the person
that went with me that bailed me out” (P 4).

[=H

ii Governmental support

The CTVs lamented inadequate governmental support.

“Even the government is not making things easy! Imagine the
way they advertise immunisation and other health jingles on
radio and television. Why can’t they do the same thing for TB as
this will go a very long way” (P 5)?

“Government should be doing jingles, and they should also fund
outreach programmes all around the place. For example, during
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the World Tuberculosis Day, we were able to visit different radio
stations and TV stations and even some other newspaper hous-
es.” (P 6).

iii Poor Reception from family members

The CTVs lamented the harsh treatment they experienced
in some of the communities.

“When we get to a house, for example, and we greet, ‘Good af-
ternoon house, is there anybody coughing in this house?‘, We
receive abusive responses like: ‘It is you and your family that will
be coughing, God forbid bad thing!” (P 2).

iv Poor Remuneration
The CTVsreported that they needed more financial support.
“Haaa. The money is very small. Risk of life is involved here. It is

the protection of God that we are counting on. In fact, we are not
given any drug to build our immunity” (P 9).

4, Discussion

This study gives an insight into the experiences of CTVs in
Ibadan North Local Government Area (LGA). We found that
case detection was one of the activities by CTVs, similar to a
study conducted in Ghana which also identified case detection
through house-to-house visits as the method employed to
create awareness and encourage diagnosis and treatment.”
Similarly, the findings of a review on empowerment of CTVs
showed that CTVs act as educators in the community, and
they provide closer health services to the community, to
improve diagnosis and treatment.’® This shows that CTBC in
the LGA had been effective and the purpose of establishing
CTBC was achieved to a reasonable extent. Through case
detection, new cases were discovered, diagnosed and treated.
Through awareness rallies and education, the spread of TB
was reduced.

According to the characteristics of a CTV as described by
the National Tuberculosis and Leprosy Control Programme of
the Federal Ministry of Health Nigeria,’® the respondents of
this study were found to be residents of the community who
knew the nooks and crannies of the community and under-
stood the language of the community members. They also
displayed their willingness to participate in the program.
Thus, it can be inferred that the criteria for selecting the CTVs
were met in the community.

One of the challenges identified by participants in this
study was a lack of family support. Having to deal with family
members who were unwelcoming, or who thought the sample
collection method was fetish, made the case detection process
difficult. CTVs in Indonesia®* and Nepal® also had similar
challenges. Poor governmental support which CTVs identified
in this study happened to be a general challenge in most
community TB programs as well. Poor drug supply,>* poor
information system,?* lack of incentives,”® were terms used to
describe how little the support from the government was.

CTVs in this study spent their money to transport themselves
and even the patients to DOTS centres. The CTVs in Ghana
described this challenge as poor remuneration.”® CTVs in this
study wished the government would take the announcement
of TB detection and treatment on social media seriously as it
did with others such as childhood immunization scheme.

CTVs in our study shared stories of their success and the
effectiveness of CTBC in Ibadan North LGA. They were able to
debunk myths, detect hidden TB patients, encourage them to
get tested and treated. They reported a good number of pa-
tients they had detected and had treated or were still treat-
ing, with no record of death. This serves as a form of
encouragement to the CTVs and a proof to the members of
the community and the world at large that TB can be treated
and cured. Respondents in Indonesia also stated that the
success of their services encouraged them to do more and
serve their community®® which boosted their self-esteem
and morale.

Strengths and Limitations: This study is the first docu-
mentation of experiences of CTVs in this LGA. However, this
study focused only on one LGA and thus might not be the
overall picture of CTBC in Oyo State. Further studies that will
provide an understanding of events in other LGAs in the state
are hereby recommended.

5. Conclusion

The findings of this study show that CTBC in Ibadan North
LGA was being progressive and effective. However, the CTVs
needed more support from the government in terms of fi-
nances, free and adequate drug supply, and assistance with
social media advert.
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Background: Tuberculosis remains one of the deadliest communicable diseases. Prompt
diagnosis of active tuberculosis cases facilitates timely therapeutic intervention and
minimizes the community transmission. Although conventional microscopy has low
sensitivity, still it remains the corner stone for the diagnosis of pulmonary tuberculosis in
high burden countries like India. On the other hand, Nucleic acid amplification techniques
due to their rapidity and sensitivity, not only help in early diagnosis and management of
tuberculosis but also curtail the transmission of the disease. This study therefore was
aimed at assessing the diagnostic performance of Microscopy by Ziehl Neelsen (ZN) and
Auramine Staining (AO) with Gene Xpert/CBNAAT (Cartridge based nucleic acid amplifi-
cation test) in the diagnosis of Pulmonary Tuberculosis.

Methods: A prospective comparative study was done on the sputum samples of 1583 adult
patients from November 2018 to May 2020 suspected of having pulmonary tuberculosis as
per NTEP criteria visiting the Designated Microscopic Centre of SGT Medical College,
Budhera, Gurugram. Each sample was subjected to ZN staining, AO staining, and was run
on CBNAAT as per National Tuberculosis Elimination Program (NTEP) guidelines. The
sensitivity, specificity, PPV and NPV and Area under the curve of ZN microscopy and
Fluorescent Microscopy were calculated taking CBNAAT as reference in absence of culture.
Results: Out of the 1583 samples studied, 145 (9.15%) and 197 (12.44%) were positive by ZN
and AO staining methods respectively. By CBNAAT 246 (15.54%) samples were positive for
M. tuberculosis. AO was also able to detect more pauci-bacillary cases than ZN. While
CBNAAT detected M. tuberculosis in 49 sputum samples which were missed by both
methods of microscopy. On the other hand there were 9 samples which were positive for
AFB by both the smear microscopy techniques but M. tuberculosis was not detected by
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CBNAAT, these were considered as Non-Tuberculous Mycobacteria. Seventeen samples
were resistant to rifampicin.
Conclusion: Auramine Staining technique is more sensitive and less time consuming for the

diagnosis of pulmonary tuberculosis as compared to the conventional ZN Staining.

CBNAAT can be a useful tool for early diagnosis of patients with high clinical suspicion of
pulmonary tuberculosis and detecting rifampicin resistance.
© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

1. Introduction

Mycobacterium tuberculosis (MTB) has affected human health
for at least 70,000 years." World Health Organization (WHO)
has estimated that around 10 million people globally, equiv-
alent to 130 cases per 100,000 population were infected with
the disease in 2019. The mortality of tuberculosis (TB) in 2019
was 1.2 million worldwide. India alone contributed about 27%
of world's TB cases. The estimated incidence of new TB cases
in India was 193 per 100,000 population in 2019.”

The major obstacle in global control of the disease is the
inadequate ability to rapidly and accurately diagnose active
pulmonary tuberculosis in developing countries.’ Millions of
pulmonary tuberculosis (PTB) cases therefore go undiagnosed
each year and unknowingly spread the disease. Accurate and
rapid detection of PTB and drug resistance facilitates thera-
peutic interventions and minimizes community transmission.*

In most of the countries including India, conventional
microscopy (Ziehl Neelsen Technique) is the corner stone of
tuberculosis diagnosis because of its low cost, rapidity,
simplicity of procedure and high specificity. However, it lacks
sensitivity, as the detection limit is 10,000 bacilli per ml of
sputum therefore it can only detect 10—75% of PTB cases.” An
alternative technique to Ziehl Neelsen staining is Auramine
Staining (AO) by Fluorescent Microscopy (FM) which is 8—10%
more sensitive than ZN because Acid Fast Bacteria (AFB) can
be seen at lower magnification (40x). The time required to
examine the smears in FM is less (25%) as compared to ZN
Technique.® ® Culture is a very sensitive diagnostic technique
for tubercle bacilli, detecting as few as 10 to 100 bacilli per ml
of sputum.’ However, the bacilli grow slowly on solid media
and colonies appear in about two weeks and sometimes it
may take up to eight weeks.

The rapid detection of MTB and drug resistance in infected
patients is essential for disease management, because of risk
of transmission in community and emergence of MDR-TB
(Multidrug resistant tuberculosis) and XDR-TB (Extensively
drug resistant tuberculosis).

There are number of Nucleic Acid Amplification (NAA)
methods that have been developed for rapid detection and
identification of MTB in clinical specimens of pulmonary and
extra-pulmonary tuberculosis cases.” '’ These techniques
not only provide the advantage of rapidity of diagnosis but
also detect even low MTB genomic copies in various
specimens.

In December 2010, WHO endorsed the Gene Xpert (Xpert
MTB/Rif assay) for the diagnosis of TB. The Gene Xpert utilizes

a DNA-PCR technique for the simultaneous detection of M.
tuberculosis and Rifampicin resistance related mutations. It is
the first fully automated bench top cartridge based nucleic
acid amplification (CBNAAT) assay for TB detection that in-
cludes all necessary steps of DNA-PCR. It gives results within 2
hours. Diagnostic accuracy of Gene Xpert/CBNAAT has been
reported to be high for pulmonary TB.'*'® Extrapulmonary
cases in whom AFB smear examination is usually negative,
patients with high risk of tuberculosis like HIV-TB coinfected
patients and pediatric patients are most benefitted from
GeneXpert.'>*

This study was carried out with the objective to determine
the diagnostic accuracy of CBNAAT in comparison to staining
methods for the diagnosis of pulmonary TB. This study will
help us in better understanding and the usefulness of ZN
Staining and Auramine Staining as compared to CBNAAT as a
diagnostic tool for the diagnosis of pulmonary tuberculosis.

2. Methodology
2.1. Study design and study area

This prospective comparative study was done in the Depart-
ment of Microbiology and Department of Pulmonary Medi-
cine, Faculty of Medicine and Health Sciences, SGT University,
Budhera, Gurugram (Haryana) from November 2018 to May
2020. The study was approved by the Institutional Ethical
Committee (IEC) and written informed consent was obtained
from all participants for use of their sputum for TB diagnostics
and research. Samples from both outpatients and inpatients
were included in the study.

2.2. Inclusion criteria

Study subjects included patients with clinical suspicion of
pulmonary tuberculosis having symptoms of cough with or
without expectoration for >2 weeks with evening rise in
temperature and/or/weight loss, fatigue, hemoptysis, loss of
appetite. Patients with or without previous history of
tuberculosis and patients who were referred from ICTC
(Integrated Counseling and Testing Centre) were included in
the study.

2.3. Exclusion criteria

1. Patients <14 years of age
2. Patients on Anti Tubercular Treatment (ATT)
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2.4. Sample collection

Two early morning sputum samples were collected from 1583
consecutive patients during the period of study (spot sample
if morning sample was unavailable), one in clean, sterile,
heat proof, wide - mouth container for staining and another
in clean, sterile 50 ml falcon tube for the CBNAAT. From the
wide mouth container, two sputum smears were made on
glass slides one each for Ziehl Neelsen (ZN) Stain and Aur-
amine Stain (AO). At the time of sample collection, a pro-
forma/questionnaire was used to collect data about the
patients. The processing of samples was carried out in Type II
A2 Bio Safety Cabinet. ZN staining was done by Light Micro-
scope. The AFB appeared as red rods against blue background
in ZN Staining (Fig. 1). Fluorescent staining by Auramine dye
was done as per the technique recommended by World
Health Organization (WHO) and visualized under Fluorescent
Microscope (Labomed LED Lx400 eFL). The tubercle bacilli
were seen as yellow luminous slightly curved rods on a green
background (Fig. 2).

2.4.1. CBNAAT
CBNAAT is a recently introduced real time polymerase chain
reaction based method for detection of TB. It is a MTB complex
specific, automated, cartridge based nucleic acid amplification
assay, having fully integrated and automated amplification
and detection using real time PCR, providing results within
100 minutes.’® It has a highly specific primer and five unique
molecular probes to target the rpoB gene associated with
rifampicin resistance.” As it detects only M. tuberculosis
complex and no other mycobacteria so no cross reactions
have been observed.®

For CBNAAT, sputum sample was poured into a single use
disposable cartridge that is placed into the Xpert Dx module

I~ Mycobacterium tuberculosis

Fig. 1 — Sputum smear stained with (Ziehl Neelsen
Staining) showing red colored bacilli with blue
background.

Mycobacterium tuberculosis

Fig. 2 — Sputum smear stained with (Auramine Staining)
showing yellow curved rods on green background.

with results produced in less than 2 hours. Each PCR run
comprised of an internal control for sample processing (DNA
Extraction) and PCR validity (presence of inhibitors) with
positive and negative control tested every day. The system
automatically interprets all results from measured fluorescent
signals with embedded calculations algorithms, into the
following categories positive, negative or invalid if PCR in-
hibitors are detected with amplification failure. The strain was
categorized as susceptible or resistant to rifampicin.*®

Statistical Analysis was performed using SPSS software 21
version. The correlation between the diagnostic tests was
determined by Kappa Test. To calculate the sensitivity and
specificity of the tests the receiver operator curve was used.
CBNAAT was taken as reference to compare ZN and AO
Staining. The sputum samples positive and negative by
CBNAAT were considered as true positive and true negative.
In the absence of Culture, CBNAAT which amplifies and de-
tects specific gene target of M. tuberculosis, was used as a
reference assay.

3. Results

A total of 1583 sputum samples were collected from pre-
sumptive TB patients who met the inclusion criterion.

3.1 Demographic profile

Among the total enrolled population, the proportion of males,
1045 (66%) were higher than females 538 (34%). Maximum
number of patients were from 21 to 40 years age group fol-
lowed by 41-60 years age group (Table 1). By ZN Staining AFB
were detected in 109 (10.4%) of 1045 male patients and 36
(6.6%) of 538 female patients. By AO Staining AFB were seen in
149 (14.2%) male patients and 48 (8.9%) of female patients
while 181 (17.3%) male patients and 65 (12.08%) female pa-
tients were found positive by CBNAAT. Thus the rate of
diagnosis of tuberculosis was also higher in males as
compared to females by all the three methods. The distribu-
tion of M. tuberculosis infection among different age groups is
shown in Table 1 which reflected that the population more
prone to tuberculosis concentrated in age range from 21 to 40
years followed by age group from 41 to 60 years (Fig. 3, Fig. 4).

3.2. Detection of M. tuberculosis by various methods

Of the 1583 sputum samples studied, 145 (9.15%) showed the
presence of AFB by ZN Staining under oil immersion objective
(100x). By Auramine Staining, Acid Fast Bacilli were observed
in 197 (12.44%) samples. CBNAAT was done on 1583 samples
and 246 (15.54%) samples were positive for M. tuberculosis
complex (Table 2).

On comparison of three methods it was observed that one
hundred and forty five samples were positive by both ZN and
AO Staining, whereas additional 52 samples showed the
presence of AFB by AO Staining only. None of the sample
positive by ZN was negative by AO staining. Additionally 58
samples were positive for M. tuberculosis complex by CBNAAT
but negative by both the staining methods. There were nine
samples which were found positive for AFB by ZN and AO
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Table 1 — Age and gender wise distribution of patients enrolled and AFB positive by ziehl Neelsen (ZN), Auramine (AO)

staining and CBNAAT.

Age group Enrolled Gender-wise Number of AFB positive Number of AFB Number of Mtb detected
Enrollment cases by ZN positive cases by AO cases by CBNAAT
Male Female Male Female Male Female Male Female
14—-20 yrs 201 114 87 13 4 17 7 16 11
21-40 yrs 565 360 205 47 17 59 21 75 29
41-60 yrs 439 325 114 38 8 48 11 61 15
61—80 yrs 342 224 118 11 6 25 8 29 9
>80 yrs 36 22 14 0 1 0 1 0 1
Total 1583 1045 538 109 (10.4%) 36 (6.6%) 149 (14.2%) 48 (8.9%) 181 (17.3%) 65 (12.08%)
Chi-Square 535.1 21.78 5.51 4.6 7.64
value
(p-value) (0.00%*%)  (0.00%**) 0.24 0.33 0.10

Data represents Age group and Gender wise distribution of enrolled cases and AFB positive cases.

Age Group and Gender Wise Enrollment

600
500
205
400
114
300 118
200
87
100
0
14-20 yrs 21-40 yrs 41-60 yrs 61-80 yrs >80 yrs
B Male ®Female
Fig. 3 — Age group and gender wise enrollment of patients.
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Fig. 4 — Age Group and Gender Wise Distribution of AFB Positive and Mycobacterium tuberculosis detected Patients by ZN
Staining AO Staining and CBNAAT.
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Table 2 — Detection of Mycobacterium tuberculosis by
various methods. (No. of samples tested = 1583).

Methods Used Positive Samples (%)

ZN Staining
Auramine Staining
CBNAAT (Gene Xpert)

145 (9.15%)
197 (12.44%)
246 (15.54%)

staining were however negative for M. tuberculosis complex by
CBNAAT (Table 3).

The present study showed the sensitivity, specificity, pos-
itive predictive value, negative predictive value of ZN Staining
as 55.28%, 62.50%, 93.79%, and 12.00% and of AO Staining was
76.42%, 62.50%, 95.43%, 20.55% respectively, with reference to
CBNAAT in the diagnosis of pulmonary tuberculosis.

The ROC analysis (Fig. 5) was done to compare ZN and AO
staining techniques. It shows that Auramine staining has
(AUC = 0.777) while ZN Staining (AUC = 0.626). AO staining
shows (kappa = 0.822, p < 0.001) compared to ZN Staining
(kappa = 0.565, p < 0.001). CBNAAT was used as reference.

Of the total 246 samples found positive by CBNAAT, 173
(70.32%) were newly infected TB cases, out of which 166
(95.95%) showed rifampicin sensitivity and 7 (4.04%) were
rifampicin resistant. Among, 73 (29.67%) previously treated
cases infected with TB, 63 (86.30%) showed sensitivity to
rifampicin while 10 (13.69%) were resistant to rifampicin
(Table 4).

4, Discussion

Tuberculosis is a major public health problem worldwide
since ages. For the control of tuberculosis, current recom-
mendations emphasize on early case detection so as to allow
treatment of patients and there by limit the transmission of
the bacilli. The mainstay for its control is the rapid and ac-
curate identification of the infected individuals.”® The labo-
ratory plays a critical role in diagnosis of pulmonary
tuberculosis. The simplest rapid method is the detection of
acid fast bacilli by microscopy which is considered as the ev-
idence of infective stage. In developing countries, microscopy
of sputum is by far the fastest, cheapest and reliable method
for the diagnosis of pulmonary tuberculosis. The estimated
detection limit of microscopy is as high as 10* bacilli/ml of
sputum. In the early stages of HIV infection, when CMI is only
partially compromised, pulmonary tuberculosis presents
typically as upper lobe infiltrates and cavitations with diffuse
infiltrates and little or no cavitation resulting in paucibacillary
picture of sputum. The reduced load of bacilli in the sputum

makes it even more difficult to diagnose these cases on
sputum microscopy.*’

The conventional culture is time consuming and it requires
a Bio safety laboratory (BSL-3) and trained laboratory
personnel. CBNAAT is a rapid nucleic acid amplification-
based test and less technical expertise is required. Other
advantage is that in a single setting the MTB as well as
Rifampicin resistance can be detected through CBNAAT. That
is why for such cases CBNAAT is recommended.

A total of 1583 patients were enrolled in the study out of
which there were 1045 (66%) males and 538 (34%) females. Out of
the 1045 males, 109 (75.17%) were found AFB positive by ZN
Staining, 149 (75.63%) by AO Staining while 181 (73.5%) by
CBNAAT. Among 538 females, 36 (24.82%), 48 (24.36%) and 65
(26.4%) were positive by ZN, AO and CBNAAT respectively. The
incidence of Pulmonary TB in our study was higher in males
than females. Our study showed that male:female ratio of
incident TB cases for all ages was 3:1 while it was found to be 2:1
as per Global TB Report 2020. In a study by Gelacha et al’* ma-
jority of presumptive TB patients 56.6% were males while 45.8%
were females. Similar to our study, in a study by Ahmed et al,**
out of total 241 patients included in the study, majority i.e. 141
(58.5%) were males where as only 100 (41.5%) were females.
Further in the present study, highest occurrence of TB was
found in the age group 21—40 followed by 41—60 years. In a study
done in India by Dewan R et al,”* 76% patients were males and
the mean age of patients was 35 + 9 years i.e. 69% patients were
in 20—40 years age group. Similarly in a study by Bhavanarushi
etal,”* mean age of pulmonary TB patients was 45 + 18.30 years
(mean + SD) with male preponderance (76%). Study by Ahmed
et al*? also concluded that more prone population to tubercu-
losis were found in age ranging from 21 to 40 years. In the pro-
ductive age group individuals have more chances of exposure
may be at their work places, public transport etc than the pe-
diatrics or elderly population. The result agrees with the find-
ings obtained in the study conducted by US Government
“Tuberculosis in the United States: National Tuberculosis Sur-
veillance System” in the manner that TB is primarily a disease
that affects young adults in their productive years.”

Results of this study demonstrated that of the 1583 sam-
ples, CBNAAT detected approximately 3% more TB cases than
AO and 6% more than ZN. It has been established in many
studies that CBNAAT has superior performance over Fluo-
rescent and ZN microscopy.’>?®"?® Auramine Staining pro-
duced a higher diagnostic yield compared to that of ZN
staining technique among our study samples. This finding
confirms the previously reported high yielding performance
of Auramine Staining over the conventional ZN staining
technique for AFB detection.®”**° The main advantage of

Table 3 — Comparison of CBNAAT results With ZN Staining and AO Staining.

CBNAAT (Gene Xpert) ZN Staining

Kappa value Auramine Staining Kappa value

Positive Negative Positive Negative
Positive 246 136 110 0.565%* 188 58 0.822%*
Negative 1337 9 1328 9 1328
Total 1583 145 1438 197 1386

**p < 0.001.
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Fig. 5 — Receiver Operator Characteristic Curve. Area under the curve (AUC) = 0.626 (ZN Staining), AUC = 0.777 (AO Staining).

Table 4 — Rifampicin resistance by CBNAAT according to treatment history.

Clinical History

MTB Positive

Chi-Square value (p-value)

Rifampicin Sensitive

Rifampicin Resistant

New cases (n = 173)
Previously Treated (n = 73)
Total (246)

166 (95.95%)
63 (86.30%)
229 (93.08%)

7 (4.04%)
10 (13.69%)
17 (6.91%)

7.43 (0.01%¥)

**p < 0.01.

fluorescence microscopy is that it uses a low-power (40x)
objective. The field seen in fluorescence microscopy is about
0.34mm,’? whereas that seen with an oil-immersion objective
is only about 0.02mm? thus the field is many times larger than
that seen in conventional bright-field microscopy through an
oil-immersion objective. Fluorescence microscopy allows the
same area of a smear to be scanned in a much shorter time
than can be achieved by conventional microscopy after
staining with the Ziehl Neelsen technique.'” As compared to
ZN Staining, rate of reading is approximately three times
faster in Auramine staining, thus helps in saving nearly 2
minutes per slide which corroborate with the findings of study
conducted by Marais Brittle.** But a real disadvantage of the
fluorochrome method is that fluorescence fades with time and
the slides cannot be preserved for future and must be read
within 24 hours.*

In the present study out of 1583 patients total 246 cases
were found to be positive for tuberculosis out of which 173
(69.91%) were new cases and 73 (30.08%) were previously
treated cases. Out of 173 new cases, 7 (4.06%) were rifampicin
resistant whereas among 74 previously treated cases 10
(13.51%) came out to be rifampicin resistant.

The results of our study revealed that sensitivity and
specificity of ZN staining was 55.28% and 62.50% and that of

AO staining was 76.42% and 62.50% respectively. As compared
to a study by Ahmed et al’” in Sudan higher sensitivity of ZN
and AO was reported i.e. 74.6% and 86.6% as well as the
specificity of ZN and AO was 98.8% and 97.7% respectively. Ina
study by Thapa et al** the sensitivity of ZN and AO staining
was 39.53% and 48.84% which was low in comparison with our
study but the specificity of both the methods were higher i.e.
98.94% and 96.84% respectively in their study. A study con-
ducted by Hooja et al** found similar sensitivity of 55.55% and
71.85% of ZN and AO staining but the specificity as 99.19% was
much higher than our study. In a comparative study of Fluo-
rescent microscopy, ZN staining and culture for the diagnosis
of pulmonary tuberculosis by Laifangbam® et al in Manipur
the sensitivity and specificity of ZN was 59.72% and 93.33%
and that of Fluorescent microscopy was 97.22% and 90%.The
sensitivity and specificity of fluorescent staining was 95.45%
and 99.45% respectively and that of ZN staining was 63.64%
and 100% respectively in a study by Kumar et al** when the
conventional staining method was compared with fluorescent
staining in diagnosis of pulmonary tuberculosis among HIV
seropositive individuals. The specificity of ZN and AO staining
in our study was found to be low as compared to other studies,
due to nine samples (3.6%) in which Mycobacterium tuberculosis
Complex was not detected by CBNAAT but these samples
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were positive for AFB by both the staining methods. This may
be attributed to Non-Tuberculous Mycobacteria (NTM) or
saprophytes. Paul W. Wright concluded in a study that ZN and
AO cannot differentiate between NTM and MTB, it can only be
confirmed using culture.®® Culture and identification was
beyond the scope of this study so we could not confirm the
presence of NTM in these samples. Pulmonary infections due
to NTM represent an emerging issue, particularly in Western
countries where NTM prevalence may surpass TB.?” The re-
covery rates of NTM from AFB smear positive clinical speci-
mens vary widely, from 7.3 to 10.6% in Korea®® to 21.1% in
Spain,®® and 24.8—48.5% in the United States.’® Further study
is contemplated using culture and identification. All the nine
cases suspected with NTM were initiated on Anti Tuberculosis
Drugs. Seven of them responded and reported to have no
clinical signs and symptoms at the end of treatment. One of
these patients relapsed after 6 months of the completion of
ATT. Outcome of one patient remains unknown. Many studies
have been done on molecular techniques for the detection of
MTBC, indicating that PCR is a useful and convenient method
for rapid diagnosis of tuberculosis from clinical specimens. It
is also to be noted that CBNAAT also have its own limitations,
including the yield of extraction and PCR inhibitors in some
clinical specimens.*°

5. Conclusion

The study concluded that Auramine Staining is more efficient
over ZN Staining in detecting M. tuberculosis in sputum and less
time consuming as compared to ZN Staining, CBNAAT has a
high capacity for detecting MTB and for predicting multidrug
resistance in the smear positive and smear negative sputum
samples. It also helps in the detection of paucibacillary MTB.
This study highlights the importance of CBNAAT for early and
accurate detection and prompt treatment of TB. This study also
highlights the fact that for optimum diagnosis of MTB infection
a combination of tests as ZN, AO, and CBNAAT is ideal.

The main limitation of our study was false positive sam-
ples diagnosed by AFB. These samples were not detected by
CBNAAT so further evaluation was needed. Since AFB were
detected in these samples, they could be either Non-
Tuberculous Mycobacteria or Saprophytic Mycobacteria.
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Background: The culture of gastric aspirate (GA) has been used for bacteriological confir-
mation of pulmonary tuberculosis in children and patients who are unable to expectorate.
Sodium bicarbonate neutralization of gastric aspirates is commonly recommended to in-
crease culture positivity. We aim to study Mycobacterium tuberculosis (MTB) culture posi-
tivity of GA collected from confirmed case of pulmonary tuberculosis after storing it at
different temperature, pH & time.
Methods: GA specimens from 865 patients of either sex predominately non-expectorating
children/adults with suspected pulmonary TB were collected. Gastric lavage was per-
formed in the morning after an overnight fasting (at least 6hrs fasting). The GA specimens
were tested by CBNAAT (GeneXpert) and AFB microscopy & those who were positive on
CBNAAT were further processed with MTB culture on Growth Indicator Tube (MGIT™)
culture. pH neutralized and non-neutralized CBNAAT positive GA specimens were culture
within 2 hours of collection and 24 hours after storage at 4 °C & room temperature.
Results: MTB was detected in 6.8% of collected GA specimens by CBNAAT. Culture positivity
of neutralized GA specimens when processed within 2 hours of collection, was higher
compared to paired non-neutralized GA specimens. Neutralized GA specimens had higher
contamination rate than non-neutralized GA specimens. Storage of GA specimens at $Deg
C had better culture yield than those stored at room temperature.
Conclusion: Early neutralization of acid in Gastric aspirate (GA) is essential for better culture
positivity of M. tuberculosis (MTB). If there is a delay in processing GA, it should be kept at
4 °C after neutralization; however, positivity decreases with time.

© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

Abbreviations: MTB, Mycobacterium tuberculosis; GA, Gastric aspirate; CBNAAT, Cartridge based nucleic acid amplification test; MGIT
Culture, Mycobacterium growth indicator tube culture; AFB, Acid fast bacilli.
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1. Introduction

Globally, TB illness developed in an estimated 10 million
persons in 2019 (130 per 100,000 population. An estimated 1.4
million persons died from TB in 2019. In 2019, 1.2 million
children fell ill with TB globally. TB in children and adoles-
cents is frequently neglected by healthcare providers, and it
can be difficult to detect and cure.™®

In India TB affects people of all sex and age groups, men
accounted for 61.7% of all TB cases in 2020, and Children
(0O—4yrs) formed 5.65% of total cases. India has the highest
burden of TB, DR-TB, and TB deaths in the world, with an
estimated 2.7 million incident cases (27% of the global inci-
dence), 131, 000 cases of DR-TB annually (approx 27% of global
incidence). There are almost 440,000 (37% of global figures) TB
deaths annually.”

Tuberculosis remains a major health problem in India,
even today. Millions of people continue to be affected with
tuberculosis every year. Incidence of drug resistant TB (MDR-
TB) is increasing worldwide and the emerging multidrug/
extensively-drug resistant TB (MR/XDR-TB) strains are lead-
ing to high mortality and financial burden.’

Despite advancements in detection and treatment, tuber-
culosis (TB) remains one of the world's most serious public
health problems. The microbiology of the disease has
immense potential to be studied for better diagnosis of the
disease. Tuberculosis (TB) can manifest in many ways, from
asymptomatic infection to life-threatening disease. Latent
tuberculosis (LTB) is an asymptomatic and non-transmissible
condition, while active tuberculosis is transmissible (in active
pulmonary TB) and may be diagnosed by culture-based or
molecular diagnostics. Rising trend in incidence of tubercu-
losis (TB) as well as development of resistance to anti-TB
drugs has needed much attention and has turned out the
need for early confirmatory diagnosis of TB.? It was estimated
that approximately 50% of patients with suspicious active TB
are unable to produce or express out sputum. Sputum may
demonstrate a negative sputum smear for acid fast bacillus
(AFB) for microscopy.®

A major challenge in the management of suspected pul-
monary tuberculosis (TB) is confirmation of the diagnosis in
the pediatric or adult patients who are not able to expecto-
rate.” Diagnosis in such cases is generally made on the basis of
clinical history given by patient or patient's attendants, clin-
ical examination findings, tuberculin skin test and chest
radiograph.* ® Microbiological confirmation is difficult in
children because of the paucibacillary nature of disease.
Common methods to obtain required samples are Sputum
induction (SI), bronchoalveolar lavage (BAL), gastric lavage
(GL) and gastric aspirate (GA). Choice of procedure depends on
the health center's facilities, cost and cooperation of patient.
GA is preferred sample for diagnosis of TB in children/patient
who swallow their sputum and cannot expectorate.” ° The
bacteriological confirmation has relied on the culture of
specimens from sequential gastric lavages. Early morning
gastric aspirate is a preferred sample/specimen for most

young children with presumptive tuberculosis & it needs
overnight fasting.

Neutralization of gastric aspirates with sodium bicarbon-
ate is conventionally recommended to improve yield on cul-
ture. There have been few studies that evaluated the efficacy
of neutralization of gastric aspirates with sodium bicarbonate
or sodium carbonate.'"" Often samples for diagnosis of TB is
not able to reach laboratory immediately after collection.
There is delay in transport and processing. The temperature of
transport is also often not controlled and in our conditions
maintaining cold chain is also difficult and cumbersome.

Therefore, present study was planned to study effect of
acid neutralization, delay in sample processing and transport
temperature on MTB culture positivity in gastric aspirates of
confirmed TB cases.

2. Methods

Present experimental study was conducted during January
2020 to July 2021 at Intermediate Tuberculosis Reference lab-
oratory, Department Of Microbiology, King George's Medical
University (KGMU), Lucknow, Uttar Pradesh (U.P.), India. GA
sample from 865 (777/865 children & 88/865 adults) suspected
pulmonary tuberculosis cases were consecutively collected in
the morning after an overnight fasting; at least after 6 hours of
fasting for adults and children and 4 hours of fasting for in-
fants.” Those patients who were able to expectorate the
sputum and recently fed were excluded from the study. As per
our laboratory data, the MTB positivity in the GA specimen
was around 3—4% positivity. Thus, sample size according to
Formula of Dennis was 59.

Gastric aspirate collection procedure™?

It was performed as an inpatient procedure in the morning
when the child wakes up, at the child's bedside or in the ward
procedure room, or as an outpatient procedure in the pro-
cedure room. The child must be fasting for at least 6 hours
(infants for 3 hours) before the procedure. All equipment were
prepared before starting the procedure. The patient was
positioned on his or her back or side with the help of an as-
sistant. Distance between nose and stomach was measured,
to estimate how far the tube needs to be inserted to reach the
stomach. A syringe was attached to nasogastric tube and
nasogastric tube was gently inserted through the nose, and
advanced into the stomach. The position of the NG tube was
checked by pushing some air (3—5 ml) from the syringe into
the stomach and listening with a stethoscope over the stom-
ach. 2—5 ml GA was withdrawn using the syringe attached to
the nasogastric tube. If no fluid is aspirated, 5-10 ml of sterile
normal saline was inserted and attempted to aspirate again
and withdraw 5-10 ml gastric contents. GA was transferred
from the syringe into a sterile container (sputum collection
falcon tube).”® After the procedure specimen container was
wiped with alcohol/Chlorhexidine to prevent cross-infection
and labeled, the laboratory requisition form was filled out.
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Laboratory procedure

Each GA specimen was divided into 3 parts immediately after
collection. Part one was used for Cartridge Based Nucleic
Acid Amplification Test (CBNAAT)* and AFB microscopy (Aur-
amine staining)’® for M.tuberculosis (MTB) immediately after
collection.” Second part was pH neutralized with equal volume
of sterile 10% sodium bicarbonate, while the third part was not
neutralized.”® CBNAAT positive GA (n = 59) specimens were

enrolled and further processed after decontamination with help
of NALC-NaOH method. Both remaining (pH neutralized and
non neutralized) parts were further divided in 3 parts; one part
was processed immediately after CBNAAT result (within 2
hours) for culture, second part was stored at 4 °C and processed
after 24 hours and third part was stored at room temperature
and then processed after 24 hours (Figure- 1). Processing of all
the parts of samples were done by Mycobacterium tuberculosis
culture on MGIT." Plan of study is shown inFig. 1.

Suspected Case of pulmonary tuberculosis (children & adults unable to expectorate sputum)

L ]

10-15ml gastric aspirate (GA) specimen obtained from a fasting patient

)

= GA divided in three parts

= Transported to microbiology laboratory immediately.

) y

¥

First part (2-3 ml) for

Second part (6-7 ml) kept

Third part (6-7 ml)

CBNAAT non-neutralized neutralized with an
& equal volume of 10%
AFB microscopy sodium bicarbonate.
(Auramine staining)
4
\ 4
(_ _\ CBNAAT
POSITIVE cases
CBNAAT were enrolled in the >
NEGATIVE study & GA was
specimens further processed by
were not dividing into 3 parts
further after
tested decontamination  jfupd
with help of NALC
;) - NaOH method
‘ ‘ A 4 l \ 4
First part Second rThird panj First part Second Third part
processed part was processed part was
immediately processed processed immediately processed processed
After after 24 after 24 After after 24 after 24
CBNAAT hours kept hours of CBNAAT hours kept || hours of
result (2hrs) at4°C storage at result (2hrs) at4°C storage at
room room
—_____J —

'

All were processed on MTB culture via Liquid Culture (MIGIT™) as per RNTCP protocol

[ RESULT ANALYZED ]

Fig. 1 — Study flow chart.
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Sample decontamination®®

All CBNAAT positive GA specimens were processed after
decontamination with help of NALC-NaOH method. About
4—5ml of gastric aspirate was transferred to 50 ml falcon
tubes. Equal volume of sterile 4% NaOH solution was added
aseptically. Caps of the 50 ml falcon tubes were tightened and
mixed well. Each falcon tube was inverted to ensure that
NaOH contacts all the sides and inner portion of caps. The
falcon tubes were kept at room temperature for 15 minutes. At
the end of 15 minutes, 15 ml of sterile distilled water was
added. Ingredients were mixed well and centrifuged at 3000 g
for 15 minutes. Falcon tubes were carefully removed from the
centrifuge without shaking. The supernatant fluid was care-
fully discarded into a container with 5% phenol solution. After
that 40 ml, sterile distilled water was added to the sediment,
and pellets were washed. The supernatant was discarded.
Pellet was used for culture.

Data Analysis

All the results were entered into a Microsoft Excel sheet and
correlation tables were made. Results were statistical analysis
by using SPSS (Statistical Package for Social Sciences) Version
21.0 statistical Analysis Software. The sensitivity were calcu-
lated by 2*2 tables for M. tuberculosis culture on MGIT pro-
cessed by various methods taking the CBNAAT as the gold
standard and also by taking result of GA specimen processed
immediately after CBNAAT (within 2 hours) on MGIT culture.
P-value was calculated with help of Chi-square test. P > 0.05
was not significant and p < 0.05 was consider as significant.

3. Results

Of 865 samples, MTB was detected in 31 (3.6%, 31/865) GA
specimens by AFB microscopic examination and 59 (6.8%, 59/
865) GA specimens by CBNAAT. All the AFB smear positive
samples were detected by CBNAAT as well. Adults had higher

CBNAAT positivity (17.0%, 15/88) than children (5.7%, 44/777).
All 59 samples were cultured on MGIT. Results are elaborated
in Table 1. Culture positivity of pH neutralized GA (84.7%, 50/
59) when processed within two hours of collection, was higher
compared to paired non-neutralized GA [(67.8%, 40/59) (p
value = 0.037]. pH neutralized GA samples kept at 4 °C for 24
hours had better culture positivity (45.8%, 27/59) than paired
acid non-neutralized specimens (25.4%, 15/59); however, this
difference was not statistically significant (p value-p = 0.068).
Culture positivity was found to be low if kept at room tem-
perature for 24 hours in both neutralized and non-neutralized
samples as only 6.8% (4/59) of neutralized and 3.4% (2/59) non-
neutralized GA specimens yielded MTB growth. Neutralized
specimens had higher contaminated culture rate, than non-
neutralized specimens (Table 1). Sensitivity of culture posi-
tivity by using each processing protocol was calculated using
CBNAAT as gold standard. Details are shown in table- 1.
Sensitivity was maximum (84.75%) when neutralized samples
were cultured within 2 hours of collection. Sensitivity
decreased as low as 3.39% when samples were stored at room
temperature for 24 hours and were not neutralized for pH.
Storage at 4 °C had a positive impact on culture positivity and
so had neutralization of acid (Table- 1). All CBNAAT positive
for MTB GA were not liquid culture positive, of 59 CBNAAT
positive specimens, 55 GA (93.22%, 55/59) were positive on
liquid culture processed by various methods. In reference of
CBNAAT, sensitivity of liquid culture for GA specimen de-
creases when GA were not neutralized, or there was delay in
processing by 24 hrs and not kept at lower temperature (4 °C).

4, Discussion

Tuberculosis (TB) is one of the top ten causes of death among
children worldwide.’®"” There is a significant challenge in the
diagnosis of suspected pulmonary tuberculosis (TB) in chil-
dren, therefore pediatrics pulmonary TB diagnosis is generally
made based on the patient's clinical history, clinical exami-
nation, tuberculin skin test, chest radiograph, AFB

Table 1 — Mycobacterium tuberculosis culture positivity of gastric aspirate after storage at different time, temperature and

PH.

Gastric aspirate (GA); CBNAAT Positive for M.tuberculosis (n = 59)

NEUTRALIZED GA

NON-NEUTRALIZED GA

Immediately Keptat4°C for Keptatroomtemp Immediately Kept at 4°C for Kept at room
processed 24hr and then  for 24hrs and then processed 24hrs and then temp, for 24hrs
processed processed n =59 processed and then
processed
POSITIVE for M 50 (84.7%) 27 (45.8%) 4 (6.8%) 40 (67.8%) 15 (25.4%) 2 (3.4%)
tuberculosis (Reference) p<0.001 p<0.001 p=0.037 p<0.001 p<0.001
culture %2 =19.94% %2 =72.322 %% =6.57% %% =42.2% %2779.217
(MGIT™ Culture)  Sensitivity 55.6% 12.5% 75.5% 33.3% 2.9%
Sensitivity using 84.75% 45.75% 6.78% 67.8% 25.42% 3.39%
CBNAAT
positivity as
reference
CONTAMINATED 3 (5%) 8 (13.55%) 22 (37.28%) 2 (3.38%) 10 (16.94%) 19 (32.20%)

Significant values are highlighted
& Chi square test.
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microscopy, and when available, microbial culture.””” Chil-
dren and people with altered sensorium often are not able to
expectorate and swallow sputum, as a result another means
of obtaining specimens for diagnosis of pulmonary TB is
required such as sputum induction (SI), bronchoalveolar
lavage (BAL), gastric lavage (GL), and gastric aspirate (GA).
However, the approach chosen is contingent upon the health
center's facilities, cost, and the patient's compliance. GA is
favored specimen for diagnosing pulmonary TB in youngsters
and patients who swallow their sputum and are unable to
expectorate®

In the current study, adult were observed to have a
considerably greater rate of GA specimen positivity on
CBNAAT for pulmonary TB than children [17.0% (15/88) vs.
5.7% (44/777)].'® Only 5.7 percent of children in our study
tested positive for pulmonary tuberculosis, which is in line
with the current tuberculosis prevalence in India, which is
5.67 percent.” Though females had a higher rate of CBNAAT
positive than males in this study [8.0% (27/336) vs. 6.0% (32/
529)], the difference was not statistically significant (p = 0.259).

Only 6.8 percent (59/865) of the study participants were
found to be CBNAAT positive for M.tuberculosis, while 3.6
percent (31/865) had a positive microscopic result (Auramine
staining method). All of the GA specimens that tested positive
on AFB microscopy tested positive on CBNAAT as well. As
expected, CBNAAT is 47.45% more sensitive than AFB micro-
scopy, making it a better screening method for GA specimens
than AFB microscopy. These results were concordant with
previous research.'>?>?*' The WHO, now recommends using
Xpert MTB/CBNAAT in gastric aspirate as the initial diagnostic
test for tuberculosis in children <10yr age.®

All CBNAAT positive GA specimens (n = 59) were processed
using various procedures on Liquid culture (MGIT™ culture).
Of the 59 CBNAAT positive GA specimen, 55 (93.22%, 55/59)
were culture positive. This finding was consistent with pre-
vious researches,”” who concluded that polymerase chain
reaction (PCR) testing (CBNAAT) is the most sensitive, whereas
culture is specific. As a result, culture is still considered the
gold standard for diagnosing tuberculosis due to various ad-
vantages like increased sensitivity, indication of viability and
phenotypic antibiotic susceptibility testing for various
drugs.'’"*?

Instantly neutralized GA specimens had significantly
higher M.tuberculosis culture positive than non-neutralized GA
specimens  processed immediately (p =  0.037
sensitivity = 75.5%). Under comparable conditions, neutral-
ized GA specimens held at 4 °C for 24 hours yielded a greater
rate of M.tuberculosis culture positive than non-neutralized GA
(p < 0.001). In GA specimens left at room temperature for 24
hours with or without neutralization, M.tuberculosis culture
produced minimal output (p < 0.001; sensitivity = 12.5% &
2.9%, respectively). Other research articles have yielded
similar results.”®> ?® However, our result were not concordant
with some studies'® that strongly suggested that neutraliza-
tion with sodium bicarbonate should be avoided. There is no
evident explanation for how the observation disparity
occurred, and a large study is needed to clarify and improve
study observation.

Currently, 10% NaOH is recommended for neutralization;
however, M.tuberculosis development is inhibited by either low
or high pH, therefore we should investigate utilizing a
different buffer solution. These findings were in line with
other studies and believes that standardizing gastric lavage
methods for the diagnosis of pulmonary tuberculosis in chil-
dren is necessary.”’

The percentage of culture contamination in non-
neutralized GA specimens immediately processed was 3.4%,
but neutralization of the GA samples resulted in a greater
percentage of culture contamination (i.e. 5%) as in gastroin-
testinal samples, neutralization stimulated the proliferation
of commensal bacteria, which are present in considerably
greater numbers in a dormant state, resulting in a high
contamination rate in liquid cultures. This is concordant with
prior researches.’®

The current study found that neutralization of GA speci-
mens had no negative consequences. Neutralization, on the
other hand, appears to be favorable for further culture pro-
cessing of GA samples. Even if the HCl in the gastric aspirate is
neutralized, other factors such as proteolytic enzymes,
nutritional insufficiency, decreased Mg*?, etc may impede
bacterial development and are still unknown.?® ?® Further-
more, because pediatric tuberculosis is paucibacillary, stom-
ach aspirate often has low bacilli counts, which may be
eliminated after extended cleaning. As a result, if GA decon-
tamination is required, an alternative technique should be
considered if available.””

The small sample size and the single centric study was one
of the limitations of this study. The author recommends
multi-centric studies with a large sample size to increase the
reliability and make the present observations more general-
izable. Availability of GA is anyway difficult, and it becomes
still more due to Covid-19 pandemic.

5. Conclusion

CBNAAT is more sensitive than AFB microscopy, making it a
better GA specimen screening approach than AFB microscopy
in non expectorating patients. Instantly acid neutralized GA
specimens processed within two hours of collection had
significantly higher M.tuberculosis culture positivity than acid
non-neutralized GA specimens. If neutralization is not
possible, process GA immediately for higher culture positivity.
Hence, we conclude that, we should provide most favorable
environment conditions by neutralizing acidic pH by sodium
bicarbonate for earlier growth of M. tuberculosis on culture to
prevent delay in the diagnosis by gastric aspirate specimen
non expectorating patients.
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Correlates of risk (COR) Preferred Reporting Items for Systematic reviews and Meta-analysis (PRISMA) framework
TB disease was used for structuring and reporting of outcomes. Risk of bias was assessed using Quality
Systematic review Assessment of Diagnostic Accuracy Studies tool-2 (QUADAS-2).

Results: 4105 studies were identified. Following eligibility screening, 27 studies were quality

assessed. Risk of bias was high in all studies. Broad variations in COR type, study popu-

lation, methodology and result reporting were observed. Tuberculin skin test (TST) and

interferon gamma release essays (IGRA) are poor COR. Transcriptomic signatures although

promising require validation studies to assess wider applicability. Performance consistency

of other CORs-cell marker, cytokines and metabolites are much needed.
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versally applicable COR signature to achieve the WHO END-TB targets.
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1. Background

Tuberculosis (TB) is one of the top 10 causes of death globally.
In 2019, there were an estimated 10 million new TB cases
including 1.2 million children worldwide.! Of the one-fourth
of the world's population who are infected only 5-10%
evolve into active disease (TB disease) during their lifetime.

The majority of TB disease in the world is caused by
Mycobacterium tuberculosis (M.tuberculosis). The susceptibility
of the host (immune status), the infectiousness of the trans-
mitter (number of tubercle bacilli that are expelled), the
environmental factors and the duration of exposure all in-
fluence the probability of transmission.?

TB affects all age groups and once infected progression to
disease is greater in the first two years after being infected.’
Children (<5-years of age), individuals with HIV and those
immune-suppressed are at increased risk of progression to TB
disease." Malnutrition and vitamin D deficiency have been
associated with risk of TB disease progression (reference). Ge-
netic deficiencies related to IFNy and IL-12 are linked to an
increased susceptibility to less virulent mycobacteria that cau-
ses severe disseminated and/or recurrent infections termed
as mendelian susceptibility to mycobacterial diseases (MSMD).*

Current available TB screening tests, tuberculin skin test
(TST) and interferon gamma release assays (IGRA) identify
hostimmune responses suggestive of either an exposure to TB
or evidence of a chronic non-progressive state. Uncertainty in
screening is common, particularly when cross-reaction with
other atypical mycobacterium occurs (TST) or an indeterminate
IGRA result is encountered.

Bacteriological confirmation (culture or PCR) is the gold
standard for TB disease diagnosis. Mycobacterial Growth In-
dicator Tube (MGIT-BACTEC) a liquid culture is a sensitive
method to isolate mycobacterium in comparison to the solid
culture method (Lowenstein—Jenson medium).” Xpert MTB/
RIF (Nucleic Acid Amplification test) by Cepheid, was endorsed
by WHO in 2011 as the next generation assay to diagnose TB
disease. An advantage over culture is that it can detect Myco-
bacterium TB complex and resistance to rifampicin in less than
two hours. Xpert MTB/RIF is reported to have a sensitivity of
64% in sputum samples and a specificity of 98% in smear
positive samples.® The next-generation assay, Xpert MTB/RIF
Ultra incorporates a PCR amplification technique and two
additional molecular targets for Mycobacterium tuberculosis. In
adults, Xpert MTB/RIF Ultra studies demonstrated an
improved sensitivity both in smear positive and smear nega-
tive specimen.” Two accuracy studies in children conducted
on cryo-preserved samples showed an increment in sensi-
tivity by 11%, and a specificity of 97%.°

Considering a fourth of the world's population are latently
infected, offering prophylactic treatment for such huge
numbers is impractical. A consensus meeting report (2017) by
WHO and the Foundation for Innovative New Diagnostics
(FIND) on the development of a Target Product Profile (TPP) for
a test predicting the progression to TB disease outlined oper-
ational and performance characteristics for predictive tests
and recommendations for standardization of future studies. A
minimum sensitivity and specificity for a TB predictive test of
>75% and specificity of >90% was set.’

To date a few systematic reviews on biomarkers with TB
disease diagnostic potential have been published.'®** One
systematic review/metanalysis on patient level pooled tran-
scriptomic signatures for diagnosis of incipient TB state was
published by Gupta et al (2020). This evaluated only tran-
scriptomic signatures as TB disease predictors on adult blood
samples overlooking other potential serological markers.

In this systematic review, we aim to evaluate outcomes of
studies on non-sputum-based COR of TB disease in children
and adults, compare the results against the TPP targets for a
TB prognostic test and identify the knowledge gaps for future
exploratory studies.

2. Method

A systematic review on COR TB disease in children and adults
published between January 1st, 2000 to May 25th, 2020
was conducted. EMBASE, MEDLINE, PUBMED were searched
for relevant publications. In addition, key journals were
searched. English language, year of publication and age
groups [infants- (0—1 year), children (1-10 years), adolescents
(10—19 years) and adults (19—-65 years)] were used as filters.
For each database, the search terms were transposed as
appropriate.

2.1. Identification of relevant studies

Table- 1 illustrates the keywords that were transcribed
appropriately in each database searched.

2.2. Eligibility criteria

To ensure the selection of relevant studies for this review, the
study selection was guided by the eligibility criteria as speci-
fied under the inclusion/exclusion criteria.

2.3. Inclusion criteria
We included studies that met the following criteria:

1. Study question-studies that addressed the review
question i.e. COR of TB disease progression were
included.

2. Study type- Case-control, longitudinal cohort studies
that utilized new study samples/subjects and studies
that included prior recruited study samples/subjects
were included.

3. Study subjects-studies with human subjects were
included. And ages between 0 and 65 years were
included.

4. COR-studies that included COR derived from host im-
mune response to TB mycobacterium were included.

2.4. Exclusion criteria

Studies on correlates of treatment (COT) and correlates of
diagnosis (COD) of latent and TB disease were excluded.
Cross-sectional studies, conference papers and review articles
were excluded. Studies on animal subjects were excluded.
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2.5. Study selection

A structured preparation and reporting of systematic review
in line with Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines was performed.?

The data extraction criteria were developed electronically
using google forms. The Table 2 shows the data extraction
form that was used.

Titles of the studies were screened by one of the authors
(PS) and exclusions were made based on-target condition
(non-LTBI/TB infection and non-TB disease were excluded),
and publication type (review articles, meta-analysis and
conference abstracts were excluded). Abstracts and full-text
studies were reviewed for eligibility by PS and RR indepen-
dently. Inter-reviewer disagreements were resolved through
consensus decision process overviewed by SW and RS. Data
extraction was completed by PS utilizing google forms. For the
purpose of standardization and consistency, one signalling
question was selected in each domain of the QUADAS-2
framework and this process was completed by PS. In domain
1 (patient selection), signalling question on consecutive or
convenience sampling was considered relevant to assess the
sampling strategy. Under domain 2, signalling question on the
conduct and interpretation of the index test (i.e. blinding) was
chosen to be relevant. “Index test” indicates the biomarker
test of prognostication. Under domain 3, signalling question
on conduct and interpretation of the reference standard was
considered relevant. “Reference standard” indicates either a
culture proven or an agreed composite standard to classify
latent TB and/or TB disease states was used. Under Domain 4,
signalling question on patient flow was regarded relevant. The
terms “Yes”, “No” and “Unclear” were stated for each study for
each domain.

If all responses in all four domains were “yes”, then the risk
of bias was considered “low” and “low applicability concerns”,
however if any of the responses were “no” or “unclear” then

the risk of bias was considered “high” and hence “high
applicability concerns”.

3. Results

4105 studies were identified from the search. A further five
studies were identified from references of review articles.
Twenty-seven duplicates were eliminated. Titles of the
resulting 4083 studies were screened, based on:

e Target condition (non-LTBI/TB studies) - 3699 were
excluded

e Review/meta-analysis/conference abstracts - 73 were
excluded

3772 studies were eliminated in the screening phase. The
resulting 311 (abstract and full-text) studies were assessed for
eligibility. 284 studies were excluded based on the eligibility
criteria. Finally, twenty-seven studies qualified for quality
assessment (Fig. 1).

3.1.  Quality of studies (Figure 2)

1) Patient selection - (Signalling question- Was a consecutive
or convenience sampling of patients used?) Fifteen studies
used consecutive sampling.’® ?° Twelve studies used con-
venience sampling.”’~%°

Index test - (Signalling question-was the conduct and
interpretation of the index test blinded?) Overall, eight
studies clearly stated and implemented the process of
blinding.?*** No clarity on the process of blinding in either
the conduct or interpretation in five studies.'*'®?"*!
Fourteen studies had no documented process of blinding
in their conduct and interpretation.

Reference standard: (Signalling question-the reference
standard likely to correctly classify the target condition (i.e.

N
-

w
~

Table 1 — Database and keywords.

Date Database

Keywords

25th May 2020 PubMed

(pulmonary tuberculosis [MeSH Terms]) OR (infection, latent tuberculosis

[MeSH Terms])) OR (latent tuberculosis [MeSH Terms])) OR
(mycobacterium tuberculosis [MeSH Terms])) OR (“latent tuberculosis"))
OR (“active tuberculosis")) OR (“active infection")) OR (“latent infection"))
OR (“active tuberculosis infection")) OR (“latent tuberculosis infection"))
AND (biomarkers [MeSH Terms])) OR (“biological markers")) OR
(“transcription biomarker")) OR (“bio signature")) OR (genetic transcription
[MeSH Terms])) OR (“RNA transcription")) OR (proteome [MeSH Terms])) OR
(proteomics [MeSH Terms])) AND (disease progression [MeSH Terms])) OR
(“risk progression")) OR (“attributable risk")) OR (“correlates of risk")) OR
(“correlates of TB risk")

25th May 2020 HDAS

(“latent tuberculosis").ti,ab, (“active tuberculosis").ti,ab, (“active

infection").ti,a, (“latent infection").ti,ab, (“latent tuberculosis
infection").ti,ab, (“active tuberculosis infection").ti,ab, (“biological
markers").ti,ab, (“transcription biomarker").ti,ab, (“bio signature").ti,ab,
(“pulmonary tuberculosis").ti,ab, (“latent tuberculosis infection").ti,ab,
(“latent tuberculosis").ti,ab, (“active tuberculosis").ti,ab, (“active
tuberculosis infection").ti,ab, (“latent tuberculosis infection").ti,ab,
(“biomarkers").ti,ab, (“transcription biomarker").ti,ab, (“bio
signature").ti,ab, (“risk progression").ti,ab, (“attributable

risk").ti,ab, (“correlates of risk” OR “correlates of TB risk").ti,ab.
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Table 2 — Data extraction form.
DATA EXTRACTION form

First author

Year of publication

Study title

Study setting (country)

Study design

Sampling strategy

Study time period

Number of study subjects

Number followed-up

Age groups of subjects included
Characteristics of study group

Characteristics of control/comparison group
Identification of disease state- latent infection/TB disease
Number of subjects who developed TB disease
COR type

Type of sample used

Tests to measure COR

Outcomes reported in the study

LTBI/TB infection and TB disease). Twelve studies specified
use of microbiological culture or a composite standard as a
reference. '®'9?127:2°737 And three studies had no clear
definition of reference standard. '>%*° Twelve studies
lacked clarity in defining reference standard to classify
target condition.

Patient flow and timing- (Signalling question-were all
participants included in the analysis?) Eight studies had a
clear account on all the participants included in the anal-
ysis of the study.’ 8232832343538 1) fiye studies exclusion
of participants was unclear.'’-**?>3133 Fourteen studies did
not account for all participants and no explanations were
provided.

-

Hence a “high risk” of bias was observed in the studies and
hence a “high applicability” concerns (Fig. 3).

3.2. Characteristics of studies

3.2.1. Year of publication

All studies included were published between 2007 and 2020.
Nineteen (70%) studies were published in the last five-years
(2016—2020). Thirteen (48%) were conducted in sub-Saharan
Africa, seven in Europe, six in Asia and one in South Amer-
ica. Based on the WHO classification of TB endemicity-twenty
(74%) studies were conducted in high TB incidence countries
(Incidence rate >40 per 100,000 population) and seven (26%)
studies were conducted in low TB incidence countries (inci-
dence rate <40 per 100,000 population).

3.2.2. Study population

Mean sample size in the twenty-seven studies was 745(n).
Mean number of study subjects who developed TB disease
during the study period was 42 (n). Nineteen (70%) studies
included adult, children and adolescent groups. Five studies
included the Adolescent Cohort Study (ACS) with 6363 healthy
adolescents aged between 12 and 18years in South
Africa.??*%3%%37 Four studies included the Grand Challenges
6—74 (GC6-74) cohort with 4462 healthy household contacts of

1098 index TB cases in Africa.**Median duration of studies was
two years (IQR-1.5-5 years). Twenty (74%) studies evaluated
>1 COR for TB disease (Table 1).(see Table 3)

3.3.  Analysis based on COR type

3.3.1. i) Tuberculin skin test (TST) based

Five cohort studies reported TST as a COR of TB
disease.??%?%26:30 The risk of bias was high in all studies. Four
were conducted in low endemic countries and one in a high
endemic country. Despite a large sample size, the proportion
developing TB disease was low (range 0.9—2.5%). As a COR for
TB disease, a pooled sensitivity of 94% and specificity of 44%
was calculated.

3.3.2. ii) IGRA based

Ten cohort studies reported on IGRA.'1820:2272428,30.39 The
risk of bias was high in all studies. Seven were conducted in
low endemic countries. Despite a large sample size, the pro-
portion developing disease was low (Range-0 - 3.1%). As a COR
for TB disease, a pooled sensitivity of 90% and specificity of
86% was calculated. PPV was reported to be <4% in four
studies.

3.3.3. i) Cytokine based

Nine studies on cytokines were identifie
were case—control and four were cohort studies. Eight were
conducted in high TB endemic regions. A high risk of bias was
noted in these studies. Three studies had large sample sizes,
however the percentage who progressed to have TB disease
was <1%. Four studies were on IL-10 based on children and
adults and demonstrated no consistent correlation to TB dis-
ease progression.”>**%% Complement factors were studied
in two studies. Both were South African based case—control
studies (validation sets) on adolescent and adult patient
groups that demonstrated good correlation to TB disease
progression. “%%’

d. 14-17.25,27,29,36,37 piye

3.3.4. iv) Cell marker based

All five studies were conducted in high TB endemic
regions.”®?’ 73 Two case—control and three cohort studies
were identified. The risk of bias was high in all studies. Large
sample sizes were noted in these studies and the proportion
who progressed to have TB disease at the end of the study
period ranged between 0.9% and 35%. Monocyte levels were
reported in four studies. An aHR of 6.25 (95% CI-1.63—23.95)
and 1.17 (95%CI - 1.01-1.34) was reported in infants and chil-
dren.” Identification of HLA DR + CD4+ cells in infants
exposed to TB (part of the MVA85A vaccine trial) increased the
risk of developing TB disease (OR -1.12 (95%CI-1.05—1.19).”’

3.3.5. v) Antibody based

Two antibodies-based studies in adults were identified. Both
studies had high risk of bias.'®?' The proportion who devel-
oped TB disease at the end of the study period were negligible.
Hence outcomes reported were not significant.

3.3.6. vi) Transcriptional signature based
Eight transcriptional signature studies were conducted in high
TB endemic countries.™?%1:3%34737 Al] were case—control and
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Table 3 — Studies and outcomes.

Study location  Study type Age groups Sample size Sample type COR Index test Reference Negative Number Outcomes
standard population developed
TB disease
TST studies
Rakotosamimanana Madagascar cohort children, 482 whole blood TST TST >/ = 5mm, culture, clinical healthy controls 12 Monocytes >7.5% +TST
N (2015) adolescents, absolute cell consensus >14mm - aHR —8.46 (95%
adults counts CI-1.74—41.22, p < 0.01)
at the onset of TB
disease

Abubakar I (2018) United Kingdom cohort Adolescents, 10,045 whole blood TST, IFN QuantiFERON  culture, clinical migrants 97 IFN- gamma-threshold
adults and TST consensus value >/ = 0.35IU/ml

(PPV-3.3%, NPV-99.4%),
T-Spot (PPV-4.2%, NPV-
99.5%).

Altet N (2015) Spain cohort infants, 1335 plasma IFN, TST QuantiFERON  TB case household 15 Sensitivity 5-9mm- 1.0,
children, and TST definition not  contacts, LTBI 10-14mm-0.93 (95%CI-
adolescents and specified 0.79—1),>15mm-0.79
adults (95%CI-0.57—1),

Specificity- 5-9mm- 0.26
(95%C1-0.22—.3), 10-
14mm-0.5 (95%CI-0.45
—0.55), >15mm-0.78
(95%CI-0.68—0.8)

Bakir M (2008) Turkey cohort infants, 908 whole blood IFN, TST ELISpot test- culture, clinical household 15
children, secretary consensus contacts, LTBI
adolescents peptides- ESAT-

6, CFP-10

Kik SV (2010) Netherlands cohort Adolescents, 433 whole blood TST, IFN QuantiFERON, culture, clinical household 9 PPV for TST>10mm-
adults T-SPOT, TST consensus contacts 3.1%, TST>15mm-3.8%,

IFN gamma studies

Scriba TJ (2017) South Africa Case- Adolescents, 150 whole blood, IFN, T-cell/ RNA- culture LTBI 44 Elevated expression of

control + validation adults plasma monocytes, sequencing, 16 gene TB signatures,
cytokines, 16-gene plasma expression of Interferon
signature proteomic responses genes and
analysis, SOMA complement activation
scan, flow up to 18 months before
cytometry, TB diagnosis in
transcriptomic progressors. Changes in
analysis of myeloid inflammation,
sorted T cells lymphoid, monocyte
and monocytes and neutrophil gene
modules occurred
proximally to
tuberculosis disease.
Gene expression in
purified T cells revealed
suppression of IL-17
responses in
Pprogressors.

Kik SV (2010) Netherlands cohort Adolescents, 433 whole blood TST, IFN QuantiFERON, culture, clinical household 9 For an IFN-gamma

adults T-SPOT, TST consensus contacts threshold of >/ = 0.35IU/
ml (sensitivity-63%,
specificity— 46%, PPV-
2.8% (95% CI-1.0—4.6%)
and T-Spot test
(sensitivity- 75%, T Spot-
40%, PPV-3.3% (95% CI-
1.3-5.3%).

Abubakar I (2018) United Kingdom cohort Adolescents, 10,045 whole blood TST, IFN QuantiFERON  culture, clinical migrants 97 IFN- gamma-threshold
adults and TST consensus value >/ = 0.35IU/ml
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Diel (2008)

Bakir M (2008)

Altet N (2015)

Delogu G (2016)

Michelsen (2016)

Talat N (2009)

Andrews JR (2017)

Cytokine studies
Talat N (2009)

Hussain R (2007)

Penn- Nicholson
A (2018)

Germany

Turkey

Spain

Italy

Greenland

Pakistan

South Africa

Pakistan

Pakistan

South Africa,
Gambia

cohort

cohort

cohort

cohort

cohort

cohort

cohort

cohort

cohort

Case-

infants,
children,
adolescents and
adults

infants,
children,
adolescents

infants,
children,

adolescents and
adults

adolescents

infants,
children,
adolescents and
adults

adults

Infants,
children

adults

Adolescents,
adults

Adolescents,

control + validation adults

601

908

15

41

978

94

2512

94

109

8311

whole blood

whole blood

plasma

whole blood

whole blood

whole blood

whole blood

whole blood

whole blood

plasma

IFN, TST

IFN, TST

IFN, TST

IFN to Heparin
binding
haemagglutinin
antigen (HBHA)
IFN against Rv1284,
Rv2659, Rv266

IFN, IL-10, IL-6, IgG1
antibodies

IFN

IFN, IL-10, IL-6, IgG1

antibodies

IFN/IL-10 ratio

TRM 5- CF-9,IGFBP-
2, B-cell- ARCP,
MRA-7, NrCAM 3PR

QuantiFERON  TB case
definition not
specified

ELISpot test- culture, clinical

secretary consensus

peptides- ESAT-

6, CFP-10

QuantiFERON  TB case

and TST definition not
specified

ELISA culture

ELISA TB case
definition not
specified

ELISA TB case
definition not
specified

QuantiFERON  culture, clinical
consensus

ELISA TB case
definition not
specified

ELISA culture, clinical
consensus

SOMA scan culture

household
contacts, LTBI

household
contacts, LTBI

household
contacts, LTBI

HIV positive TB
infected

healthy
endemics

healthy
endemics

Health infants
wirh BCG
vaccination and
MVASSA
vaccine

healthy
endemics

household
contacts

LTBI

15

15

2

31

28

80

(PPV-3.3%, NPV-99.4%),
T-Spot (PPV-4.2%, NPV-
99.5%).

A 2-year predictive rate
for QFT (>0.351U/ml) to
be 14.2%.

Adjusted Incident rate-
for ELISpot (ESAT-6/CFP-
10)- 3.86 (95% CI - 1.19-
12.5) (p = 0.024).
Sensitivity- 0.35—5IU/
ml- 1.0, 5-10IU/ml-1.0,
>10IU/ml-1.0,
Specificity-0.35—-5 IU/
ml- 0.8, 5-10IU/ml- 0.77,
>10IU/ml- 0.84, PPV 0.35
—5IU/ml- 3%, 5—101U/
ml- 3%, >101U/ml- 6%

A lack of HBHA
responses indicated an
increased risk to develop
active TB in HIV-LTBI
Hazard Ratio - Rv1284
—0.96 (95% CI-0.28-3.04)
p value-0.89, RV2659
—1.05 (95% CI-0.51-2.13)
p-value- 0.90, RV2660
—3.06 (0.70—13.37)
pvalue-0.14

Reported no statistically
significant correlation
between IFN levels, IL-
10, 6 and IgG1 antibodies
with TB progression
0.35IU/ml-Sensitivity-
0.9, specificity- 0.9, PPV
-8%, NPV-100% 0.41U/
ml-Sensitivity- 0.36,
specificity- .99, PPV-16%,
NPV- 99%.

Reported no statistically
significant correlation
between IFN levels, IL-
10, 6 and IgG1 antibodies
with TB progression
Linear trends for CF
protein induced IFN-
gamma/IL-10 ratio
showed significant
differences between
contacts with TB
disease- and disease-
free contacts between

0 and 12 months (odds
ratio = 0.45, 95%
confidence

interval = 0.295—0.685;
p = 0.0002).

ACS test set- Sensitivity-
0.79 (95%CI - 0.54-0.94),
Specificity-0.79 (95% CI-

(4114
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Bapat PR (2015)

Hussain R (2011)

Scriba TJ (2017)

Fletcher HA (2016)

Chen DY (2016)

Cell marker studies
Sutherland JS (2011)

India cohort Adolescents,
adults

Pakistan cohort Adolescents,
adults

South Africa Case- Adolescents,

control + validation adults

South Africa Case-control Infants
Taiwan Case-control Adults
Gambia Case-control adults

419

107

150

284

238

2348

serum

plasma

whole blood,
plasma

PBMC

plasma

whole blood,
plasma

signature- C9, CK-
MB, C1qTNF

Alpha-2
macroglobulin,
Sero-transferrin,
Haptoglobin

-4

IFN, T-cell/
monocytes,
cytokines, 16-gene
signature

T cell surface
receptor
(HLADR + CD4
+T cells)

Neopterin

One
dimensional
SDS PAGE,
MALDI-TOF
analysis

culture, clinical
consensus

cytometric bead culture, clinical

array

RNA-
sequencing,
plasma
proteomic
analysis, SOMA
scan, flow
cytometry,
transcriptomic
analysis of
sorted T cells
and monocytes

Flow cytometry

ELISA magnetic
bead arry

PBMC thawing,
flow cytometry,

consensus

culture

culture, Xpert
MTB

culture, clinical
consensus

culture

malnourished 1
healthy
endemics

LTBI, healthy 10
endemics

LTBI 44

Healthy infants 101
with BCG
vaccination and
MVASS5A

Non- 7
rheumatoid
Arthritis TB,
healthy

endemics

household 22
contacts, LTBI

0.54—0.94), AUC- 0.80
(95% CI-0.70—0.89), GC6-
74 validation set-
Sensitivity- 0.49 (95%CI -
0.33-0.65), specificity-
0.75 (95%CI-0.68—0.81),
AUC-0.66 (95% CI-0.56
—0.75)

A 2-fold increase in the
levels of the three
proteins in the
participant (n = 1) who
developed TB,

A pair-wise comparison
of IL-4 levels between
disease free-healthy
contacts (FHC) and
contacts with TB disease
(DHC) showed statistical
significance (p = 0.0035)
at 12 months from
follow-up

Elevated expression of
16 gene TB signatures,
expression of Interferon
responses genes and
complement activation
up to 18 months before
TB diagnosis in
progressors. Changes in
myeloid inflammation,
lymphoid, monocyte
and neutrophil gene
modules occurred
proximally to
tuberculosis disease.
Gene expression in
purified T cells revealed
suppression of IL-17
responses in
Pprogressors.

BCG specific T cells
secreting IFN- gamma
associate with reduced
risk of TB

(OR = 0.502, 95% CI =
0.29-0.86,P = 0.013,
FDR = 0.14).
Non-stimulated and TB
antigen stimulated
neopterin levels were
significantly higher in
RA patients who
developed TB (median
-24.5 pg/ml and

23053 pg/ml
respectively) and non-
RA TB patients (12.2 pg/
ml and 9633 pg/ml
respectively) compared
with QFT-Gold
converters without TB
(3pg/ml and 2720 pg/ml
respectively both

p <0.01).

A significantly higher
level of CD4+CD25+cells
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Fletcher HA (2016)

South Africa

Rakotosamimanana N (2015) Madagascar

Scriba TJ (2017)

Naranbhai V (2014)

Antibody studies
Talat N (2009)

Maekura R (2019)

South Africa

South Africa

Pakistan

Japan

Case-control

cohort

Case-control

cohort

cohort

Case-control

Infants

children,
adolescents,
adults

Adolescents,
adults

infants

adults

adults

284 PBMC

482 whole blood

150 whole blood,
plasma

1336 whole blood

94 whole blood

74 plasma

Mononuclear cells,
plasma cytokines,
RNA

T cell surface
receptor

(HLADR + CD4+T
cells)

blood monocyte
levels

IFN, T-cell/
monocytes,
cytokines, 16-gene
signature

Monocyte:
lymphocye ratio

Multiplex
cytokine
analysis o
plasma
samples,
Reverse
transcription
multiplex
ligation-
dependent
probe
amplification
(RT-MLPA)
Flow cytometry

TST >/ = Smm,
absolute cell
counts

RNA-
sequencing,
plasma
proteomic
analysis, SOMA
scan, flow
cytometry,
transcriptomic
analysis of
sorted T cells
and monocytes

flow cytometry

IFN, IL-10, IL-6, IgG1 ELISA

antibodies

Antibodies to Mtb
antigens- ESATS,
MVAS5A, CFP10,
Acr,

ELISA

culture, Xpert
MTB

culture, clinical
consensus

culture

Protocol defined
criteria for
categorization
of Tuberculosis
Disease and
infection

TB case
definition not
specified

TB case
definition not-
specified

Healthy infants 101
with BCG
vaccination and
MVASSA

healthy controls 12

LTBI 44

HIV exposed but 49
unaffected,
randomised in
IMPAACT trial

healthy 0
endemics
healthy 1

endemics, LTBI

(p < 0.05) at recruitment
in comparison to non-
progressors.

OR of TB disease - HLA
DR + CD4+ cells at day O,
AUC- 0.619, OR = 1.12
(1.04—1.21) p = 0.002,
FDR-0.047 and at day 28,
AUC- 0.653, OR = 1.12
(95% CI-1.05-1.19)

p = 0.001, FDR-0.013
Blood monocytes -aHR
—6.25 (95% CI-1.63
—23.95) and increased
ML ratio -aHR- 4.97, (95%
CI 1.3-18.99); (p = 0.03).
Elevated expression of
16 gene TB signatures,
expression of Interferon
responses genes and
complement activation
up to 18 months before
TB diagnosis in
progressors. Changes in
myeloid inflammation,
lymphoid, monocyte
and neutrophil gene
modules occurred
proximally to
tuberculosis

An increasing ML ratio
was associated with TB
disease/death within 2
years (aHR-1.17 per unit
increase in ML ratio, 95%
CI-1.01-1.34, p = 0.03).
The association of
baseline ML ratio to
probable or definite TB
disease was significant.
(HR 1.50; 95% CI - 1.19-
1.89; p = 0.006).

Reported no statistically
significant correlation
between IFNg levels, IL-
10, 6 and IgG1 antibodies
with TB progression
Pre-clinical TB was
identified in five
individuals (among
recent LTBI)- antibodies

¥oc
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Transcriptional signature studies
Dulffy FJ (2018) South Africa,
Uganda

Scriba TJ (2017) South Africa

South Africa,
Gambia

Zak DE (2016)

Sutherland JS (2011) Gambia

Suliman S (2018) South Africa,
Gambia,
Ethiopia,

Uganda

Case- children,

control + validation adolescents,
adults

Case- Adolescents,

control + validation adults

Case- adolescents,
control + validation adults

Case-control adults

Case- Adolescents,
control + validation adults

1696

150

9508

2348

4466

Serum

whole blood,
plasma

whole blood

whole blood,
plasma

plasma

Serum circulating
miRNA, RNA-COR
signature

IFN, T-cell/
monocytes,
cytokines, 16-gene
signature

RNA signature- 16
gene- ANKRD22,
APOL1, BATF2,
ETV7, FCGR1A,
FCGR1B, GBP1, GBP2,
GBP4, GBP5, SCARF1,
SEPT4, SERPING1,
STAT1, TAP1,
TRAFD1,

Mononuclear cells,
plasma cytokines,
RNA

RISK4 signature-
Gas6/CD1C, SEPT4/
BLK, SEPT4/CD1C,
GAS6/BLK

culture, clinical Household
consensus contacts, LTBI

gRT-PCR

RNA- culture LTBI
sequencing,
plasma
proteomic
analysis, SOMA
scan, flow
cytometry,
transcriptomic
analysis of
sorted T cells
and monocytes

RNA culture
sequencing,
qRT-PCR

LTBI, ORD

household
contacts, LTBI

PBMC thawing, culture
flow cytometry,
Multiplex

cytokine

analysis plasma
samples,

Reverse

transcription

multiplex

ligation-

dependent

probe

amplification

(RT-MLPA)

PAXgene culture, clinical household
(PreAnaltiX), consensus contacts, LTBI
RNA diagnosis

sequencing-

Gene

54

44

119

22

120

against ESAT-6

(p = 0.03), Ag85 A

(p = 0.048) Acr (p = 0.057)
and MDP1 (p = 0.0001)
were significantly higher
than those in the remote
LTBI group.

Circulating -miRNA-
AUC- 0.7 (95%CI-0.58
—0.82), PPV- 59%, NPV-
81%, RNA COR, RNA-
COR- AUC-0.77 (95% CI-
0.68—0.87), combined
miRNA + RNA-COR-
AUC- 0.78 (95% CI-0.69
—0.88)

Elevated expression of
16 gene TB signatures,
expression of Interferon
responses genes and
complement activation
up to 18 months before
TB diagnosis in
progressors. Changes in
myeloid inflammation,
lymphoid, monocyte
and neutrophil gene
modules occurred
proximally to
tuberculosis

ACS cohort- sensitivity-
0.66 (95%CI-0.63—0.68),
specificity-0.81 (95%CI-
0.79-0.82), ACS + GC6-
74 validation cohort (12
months prior to TB
disease diagnosis),
sensitivity-0.54 (95% CI-
0.43—0.64), specificity
0.83 (95% CI-0.77—0.86)
Significantly lower level
of Bcl2 in progressors
(p = 0.011). Progressors
had significantly higher
levels of chemokine
receptor 7 (CCR7)
compared to non-
progressors.

AUC for RISK4 on all
samples-AUC-0.67 [95%
CI-0.57—-0.77] p = 0.0026.
RISK 4 signature-
validated against time to
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Leong S (2020)

Fletcher H (2016)

Warsinke HC (2018)

Metabolite studies
Weiner ] (2018)

Brazil

South Africa

South Africa,
Brazil

sub-Saharan
Africa

Case- Adolescents,
control + validation adults

Case-control Infants

Case- Adolescents,
control + validation adults

Case- adolescents,
control + validation adults

Expression
Omnibus
database

37 Peripheral Blood Predict —29 RNA sequencing clinical household
Mononuclear  signature consensus contacts
cells based on

Brazilian TB
program
guidelines
5726 whole blood Cytokines, RNA Gene expression culture, clinical household

3866 (ACS-153) plasma, whole
blood

4462 whole blood,
plasma

transcriptomes, analysis, flow  consensus endemic
monocyte/T cell cytometry, controls
ratios Human
IFN cytokine LINCO

plex 29- bead

array

culture, clinical LTBI, healthy
consensus controls, ORD

3-gene signature RNA
(GBP5, DUSP3, KLF2) sequencing,
qRT-PCR

cysteine, histidine, metabolite culture and healthy
mannose, profiling, Mass XPERT MTB endemics
taurocholenate spectrometry

sulfate, analysis

phenylalanine,

tryptophan,

glycocholenate

sulfate, citrulline,
citrate, creatine (TB-
HEALTHY signature)

55

29

43

141

TB within 1 year of
diagnosis -AUC-0.66
[95% CI-0.55-0.78]

p = 0.002 between 1 and
2 years of TB diagnosis-
AUC-0.69 [95% CI-0.51
—0.86] (p = 0.02)
Brazilian cohort-
PREDICT 29 had a
sensitivity of 0.74 (95%
CI-0.70—0.78), specificity
of 0.85 (95% CI-0.82
—0.88), AUC- 0.911 (95%
CI - 0.894-0.928), PPV of
20.2% (95%CI - 13.1
—29.4%), NPV- 98.5%,
(95%CI - 96.8-99.3%).
GC6 cohort, sensitivity
of 0.56 (95% CI - 0.53-
0.59), specificity of 0.76
(95% CI-0.73—0.78), AUC-
0.68 (95% CI-0.67—0.69)
4.1% (95% CI - 2.3-7.4%),
NPV-98.7% (97.6—99.4%).
Comprehensive gene
expression analysis
failed to identify a
correlate od risk.

<7 days of TB diagnosis-
sensitivity-0.9,
specificity-0.63, NPV-
99% at 4% prevalence
[AUC- 0.86 (95% CI - 0.77-
0.96)]. Between 8 and 180
days- sensitivity of 0.86,
specificity- 0.84, NPV-
99% at 4% prevalence.
[AUC- 0.86 (95% CI-0.70
—1.00)]

Sensitivity-0.5,
specificity- 0.75, AUC-
0.68 (95%CI-0.64—0.73)

1 Note- TST- Tuberculin skin prick test.
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Included
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database searching
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Additional records

sources
(n=5)

identified through other

Of 4110 studies searched
27 duplicates removed

!

Studies screened
(n=4083)

Full-text studies .
assessed for
eligibility

Studies (n=3772)
Exclusion based on-

Target
condition-
3699
Review/me
ta-analysis-
71
Conferenc
[3
abstracts-

(n=311)

Abstract/ full-text (n
= 284) exclusion

Study
question-
246

Study
type/
method-
24

Study
subjects-3
Biomarkers
-6
Review

based on-
Studies included in *
qualitative synthesis
(n=27) .
L[]

Fig. 1 — Prisma.
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Fig. 3 — Overall depiction of risk of bias as per QUADAS II.
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Fig. 4 — Sensitivity and Specificity for COR compared
against WHO TPP Targets.

six had validation sets included. The studies included 16-gene,
RISK-4, 3-gene, PREDICT-29 and c-miRNA signatures and
predominantly included adolescent and adult cohort from

South Africa. Two studies reported on the 16-gene signa-
ture.®>3> A large sample size was observed in all studies, and
the proportion who developed TB disease at the end of the
study period ranged between 0.9% and 29%. 16 gene, 3-gene,
PREDICT-29 reported sensitivities and specificities of 66%,
86%, 74% and 81%, 84%, 85% respectively in the test sets.
However, in the validation sets, 16-gene and PREDICT-29 sig-
natures reported sensitivities and specificities of 54%, 56% and
83%, 76% respectively. RISK 4 signature and the c-miRNA
studies reported AUC of 0.7 (95% CI-0.58—0.82) and 0.67 (95CI-
0.57—0.77) respectively.

3.3.7. vii) Metabolite based

A case—control study on 4462 adolescents and adults in the
sub-Saharan African region, reported a sensitivity-50%,
specificity- 75%, AUC- 0.68 (95%CI-0.64—0.73) on TB-Healthy
signature.®® The proportion of those who developed TB dis-
ease was 3%.

3.4. Performance of COR in high-risk groups

Twelve studies included high risk groups-ten studies on in-
fants and children, one on HIV infected adults, one on HIV
exposed and un-infected infants, one on malnourished ado-
lescents and adults and one on Rheumatoid Arthritis (RA)
adults. A lack of correlation (not statistically significant) of IFN
against Heparin binding haemagglutinin antigen (HBHA) in
HIV + ve adults was observed. A higher neopterin levels in RA
patients who developed TB was observed (median —24.5pg/ml
and 23053pg/ml respectively) and non-RA TB patients (12.2pg/
ml and 9633pg/ml respectively) compared with QFT-Gold
converters without TB (3pg/ml and 2720pg/ml respectively
both p < 0.01). Alpha-2 macroglobulin, sero-transferrin,
haptoglobin levels in malnourished endemic population
demonstrated a two-fold increase in levels, however the
number/s followed up were negligible.

3.5. COR and WHO TPP targets

WHO and FIND set an optimal TPP for a TB predictive test with
a sensitivity and specificity of >90% or a minimum of >75%
(within 2-years of exposure) and a high PPV with low NNT.
Outcomes of five included studies could be compared against
the WHO TPP targets (cytokine signature-3PR, TRM-5,*° tran-
scriptomic signatures- 16-gene,* 3-gene,?” PREDICT-29 '* and
metabolomic signature-TB-healthy®) The performance of
cytokine signatures as COR were comparable in the test sets
but fell short in the validation sets. Similarly, the performance
of 16-gene signature and PREDICT29 signature fell short of
comparison in the validation sets. The 3-gene transcriptomic
signature showed consistency in its performance in the nes-
ted cohort (validation set) and was comparable to the targets
set for a TB predictive test (Fig. 4).

4, Discussion

We conducted a systematic review on blood-based, host-
derived COR for TB disease in children and adults in accor-
dance with PRISMA framework. We intended to analyze the
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outcomes reported by studies on TB COR and compare their
performance against the WHO/FIND TPP targets. TST and
IGRA are poor COR of TB disease progression. A meta-analysis
reported a PPV of 2.4% for TST and 6.8% for IGRA, implying the
number needed to treat (NNT) to prevent one case of TB dis-
ease to be as high as 67.3 for TST and 37.3 for IGRA.>* Among
the cytokine studies, IL-10 (anti-inflammatory) was analyzed
in five studies that demonstrated poor co-relation to TB dis-
ease progression.'®'?%363” Complement components®®*’
and M:L ratio **?%3% demonstrated a good correlation to TB
progression, however larger prospective studies in diverse
populations are required. Activated T-cell as a COR can be
confounded by several factors that include environmental
triggers and childhood immunization and hence this is a poor
predictor in children.”” Studies on transcriptomic signatures
have demonstrated the most encouraging results to
date.'*3%322*737 However, their predictive performance when
validated in geographically diverse cohorts reported in-
consistencies. In addition, their predictive performance
improved closer towards TB disease diagnosis which reduces
the usefulness for early detection of incident TB for targeted
preventive TB treatment. A meta-analysis on eight tran-
scriptomic signatures reported comparable results (at pre-test
probability of 2%), PPV between 6.8 and 9.4% over 24 months
and 11.2—14.4% over 3-months before TB disease diagnosis.*’
The recent CORTIS trial, a randomised open label study that
tested the prognostic accuracy of RISK-11 signature (derived
from Zak-16 signature) and efficacy of targeted TB preventive
treatment reported that the signature performed well as a
COR, however, the targeted preventive TB treatment in com-
parison to signature positives and negatives showed poor ef-
ficacy in preventing TB disease during the 15-month follow-
up.*’ Though this study incorporated diverse population in
South Africa, it raises a few questions on the accuracy of the
signature as a predictor of TB disease, the targeted preventive
TB treatment approach and tackling the distinct complexities
in high and low TB endemic regions.

This review has some potential limitations. The restricted
search terminologies might have resulted in a narrow search.
Only pulmonary TB studies were included in the search ter-
minology hence that excluded studies on extra-pulmonary
TB. All blood-based biomarkers were included in this review,
making this review very broad. However, this review consol-
idates information on most potential COR studied till date. A
narrative analysis was entailed due to the heterogenous na-
ture of the studies which highlights the need for a standard-
ized reporting for future studies in this field. A large number of
studies incorporated high-risk groups, however the outcomes
cannot be extrapolated into clinical practice due to the rela-
tively small sample sizes and even smaller proportion of those
evolving into TB disease. This highlights the practical chal-
lenges in conducting large longitudinal observational studies.

5. Conclusions

A worldwide accelerated effort to derive at a blood-based,
host-derived COR for TB disease has been observed in the
last two decades. TB disease progression is marked by a
cascade of events and the studies on cell markers,

metabolomic and transcriptomic signatures identified in this
review have shown good potential as COR. As future pros-
pects, validation studies on combination of these COR (as a
signature) would be ideal.’
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Background: Quality of life is a significant issue among patients with tuberculosis and is
used for evaluating treatment responses and therapeutic outcome. This study aimed to
assess the quality of life in tuberculosis patients receiving anti-tuberculosis therapy for a
short duration in the Vellore district of Tamil Nadu and its associated variables.
Methods: A cross-sectional study was designed to evaluate pulmonary tuberculosis patients
receiving treatment under category —1 registered in the NIKSHAY portal at Vellore. A total
of 165 pulmonary tuberculosis patients were recruited from March 2021 to the third week
of June 2021. On obtaining informed consent, the data were collected through the tele-
phone interview by administering WHOQOL- BREF structured questionnaire. The data were
examined with descriptive and analytical statistics. Multiple regression analysis for inde-
pendent quality of life variables was done.
Results: The lowest median scores, 31(25,38) & 38(25,44) was, related to psychological and
environmental domains, respectively. In addition, the Man-Whitney & Kruskal Wallis
showed a statistically significant variation in the mean quality of life for gender, employ-
ment status, duration of treatment, persistent symptoms, the location of residence of
patients, and the stage of therapy. Age, gender, marital status, and persistent symptoms
were the main associating factor.
Conclusion: Tuberculosis and its treatment influence psychological, physical functioning,
and the environmental domain of patient quality of life. Attention is required in the follow-
up and treatment of patients by monitoring their quality of life.

© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

1. Introduction

Tuberculosis (TB) remains a significant health issue that

have dominated the history of human civilization for thou-
sands of years." Pulmonary tuberculosis, which accounts for
78% of TB types, is considered predominately high compared
to other types of TB in India. The microbiologically confirmed

contributes to one of the Top 10 major health problems that

* Corresponding author. Vivid Dental Care, Pandeshwar 575001, Mangalore.
E-mail address: madhu.bangera@gmail.com (M.K. Bangera).

https://doi.org/10.1016/j.ijtb.2022.05.005

0019-5707/© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.


Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:madhu.bangera@gmail.com
www.sciencedirect.com/science/journal/00195707
https://doi.org/10.1016/j.ijtb.2022.05.005
https://doi.org/10.1016/j.ijtb.2022.05.005
https://doi.org/10.1016/j.ijtb.2022.05.005

INDIAN JOURNAL OF TUBERCULOSIS 70 (2023) 214—221 215

prevalence of pulmonary TB was 24.5—1518 per 100,000 pop-
ulation and the pooled one was 295.9 per 100,000 population.
The prevalence of pulmonary tuberculosis was higher among
rural male residents and increased with age.”* The milestone
for 2020, with a 20% and 35% reduction in TB incidence and
death respectively from 2015, was not on track. The global
target with the goal of ‘End the TB epidemic and target TB
strategy’ is to achieve an 80% reduction in the TB incidence.
Fewer than 80 cases for one lakh population per year by 2030 is
a dubious question for developing countries like India as they
cannot contain this disease.*® Further with involvement of
the COVID-19 pandemic threatens to deviate the reduction in
the pulmonary TB cases in the country. Hence it is a big
challenge for the government of India that has aimed to have
TB-free India by 2025, five years ahead of the global target,
2030.>°

NTEP (National Tuberculosis Elimination Program), previ-
ously known as RNTCP (Revised National Tuberculosis Control
Programme) in India, provides a strategy to diagnose, treat
and support TB patients. Although this program provides the
best strategy in diagnosis and treatment, advanced informa-
tion and communication technology-based tracking, treat-
ment adherence, and direct benefit transfer for TB patients,
only minimum attention is paid to other dimensions of health
such as psychological support, social stigma, and environ-
mental domain.”® Evidence says that many psychological,
social, and environmental domain problems are faced by TB
patients.” Itis a well-known fact that TB disease in developing
countries like India is attached with a social stigma.’ There-
fore, all of these domains and the disease management
determine the patient's quality of life (QOL). There occur dif-
ferences in the QOL between different socio-demographic
groups.’®'"? There were many factors associated with QOL,
such as socio-economic, demographic, unhealthy behaviors,
clinical history of the disease, etc.'*'*'> The contribution of
these factors can exceed the medical illnesses of this dis-
ease.'® Therefore, it is essential to consider the QOL and the
factor associated with QOL among PTB cases. Hence that will
lead to better compliance, adherence, and completion of
treatment, and thus the cure rate will increase.®

For a long time, the evaluation of the QOL among TB pa-
tients has been a neglected aspect in the Indian context. Many
studies are confined only to medical outcomes with TB cases.
A systematic review in 2004 reported that only 60 articles
addressed the health-related QOL among TB cases.” Based on
the literature survey, this would be the first study done in
south India with the World Health Organization Quality of Life
Instrument (WHOQOL-BREF) assessment tool to evaluate the
QOL among Pulmonary TB patients receiving treatment in
Vellore district of Tamil Nadu from South- India.

The present study aimed to quantify QOL and determine its
associating factors among pulmonary tuberculosis (PTB) pa-
tients under category-1 receiving treatment in the Vellore
district of Tamil Nadu, India. The study was designed to
evaluate the QOL among the PTB patients receiving treatment
in the Vellore district of Tamil Nadu and compare mean well-
being scores between different socio-demographic groups of
PTB patients under treatment. Additionally, the study

determined the factors affecting the QOL among PTB patients
under treatment.

2. Methods

A cross-sectional study was designed in which the PTB pa-
tients receiving treatmentin the Vellore district of Tamil Nadu
served as study participants. Patients with PTB (microscopi-
cally or culture-confirmed or clinical confirmed with histo-
pathological findings, x-ray findings, or miliary TB), new TB
case (category 1), under DST-treatment, above 18 years of age
who provided informed consent, who are fluent in Tamil and
English language and under more than two months of treat-
ment were included in the study. Patients with only extrap-
ulmonary TB, all DR-TB cases (MDR-TB, XDR-TB, mono-
resistant TB, poly-resistant), previously treated/recurrent TB
and treatment change (category- 2 and 3), affected by COVID-
19 within six weeks, HIV patients, children, pregnant women,
defaulted, died, or refused treatment, and under intravenous
venous anti-TB drug administration were excluded.

The sample size was calculated using the sample size
equation in OpenEpi software, using a 95% confidence level, a
design effect of 1.0 for random sampling, and set at n = 164
samples. The design involved two-stage sampling, conve-
nience sampling at the initial stage and random sample at a
later stage. A simple sampling was done using a computer-
generated random number to select the PTB patient
receiving treatment. Sampling frames include all the tuber-
culosis patients from March 2021 to the 3rd week of June 2021
in the Nikshay -portal maintained by the district tuberculosis
center in Vellore district in Tamil-Nadu. Data was collected
from the PTB patient receiving treatment from 1st March
2021-3rd week of June 2021 using Epi-collect 3.0 version soft-
ware. On obtaining the patient's verbal consent, a telephonic
interview was undertaken. The type of house, urban or rural
setting (residence), education, employment, income, smok-
ing, alcohol, comorbidity, and persistent symptoms were
collected. An interviewer-administered semi-structured
questionnaire using section A -socio-demographic profile and
section B-WHOQOL-BREF (abbreviated version of the
WHOQoL-100) questions, validated and piloted tested in
Chennai and New Delhi, available both in English and Tamil
language from the WHO portal was used. Demography fac-
tors, socio-economic factors, the median duration of treat-
ment, comorbidity, persistent symptoms, smoking, and
alcohol consumption served as independent variables. QOL
(mean score for each domain and total mean score) served as
the dependent variable. The statistical analysis was per-
formed in SPSS (Version 19) software at a 5% significance level,
and a P-value < 0.05 was considered statistically significant.

3. Results
3.1 Characteristics of the study population

All categorical variables in the study, like gender, religion,

residence, etc, were summarised as frequency and
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receiving treatment in Vellore district of Tamil-Nadu, south India (WHOQOL-BREF
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Fig. 1 — Median score of physical, psychological, social, environmental domain and total median score of pulmonary
tuberculosis patient under category —1 receiving treatment in Vellore district of Tamil-Nadu, south India (WHOQOL-BREF

scores).

percentage. Age was summarized as mean and standard de-
viation. In contrast, the outcome variables of physical, psy-
chological, social, and environmental domains were
summarised as the median and interquartile range (IQR) as
they were not normally distributed. The total mean score of all
the domains of physical, psychological, social, and environ-
mental factors was estimated by taking the average of all the
scores. 78.2% were male and 21.8% were female participants.
95.8% were Hindus, 3.0% were Christians, and 1.2% were
Muslim participants. 62.4% belonged to the rural set up and the
remaining 37.6% to the urban household. 41.2% were housed in
a kutcha and 58.8% in pucca household set up. 87.3% were
married, 9.7% were single, whereas 3.0% were widowed. 27.3%
wereilliterate and 72.7% were literate, out of which 64.2% were
unemployed. 57.6% were treated for three months, 10.9% for
four months, 21.2% for five months, and 10.3% for six months.
The socio-Economic status as per B.G Prasad classification
29.7% belonged to Class 1, 24.8% belonged to Class 2, 15.8%
belonged to Class 3, 13.3% belonged to Class 4, and 16.4% to
Class 5.66.1% were non-smokers and 49.7% non-alcoholic.
71.5% presented with comorbidities and 57% presented with
persistent symptoms.

3.2.  Validity and reliability

The Spearman correlation was used to analyze the strength
measures between the variables, ranging from 0.711 to 1.286.

Cronbach's alpha was used to measure the reliability or in-
ternal consistency, ranging from 0.724 to 0.916.

3.3. Quality of life (QOL) score

The median score for physical, psychological, social, and
environmental domains and the total median score of PTB
patients under category —1 receiving treatment are shown in
Fig. 1. The psychological domain's median score was lowest
compared to other domain median scores and the median
score of the social domain was comparatively higher among
other domain scores. Second-most affected domain was
environmental.

3.4. Comparison of QOL score between socio-
demographic and associated factors

The comparison of median scores of physical, psychological,
social, environmental, and total mean scores domains be-
tween gender, type of house, residence, education, marital
status, occupation, smoking status, alcohol status, comor-
bidities, and persistent symptoms was carried out using Mann
Whitney U test as shown in Table 1. The comparison of me-
dian scores of physical, psychological, social, environmental,
and total mean scores domains between duration of symp-
toms and socio-economic status (according to B.G Prasad
classification 2019) was performed using the Kruskal Wallis
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Table 1 — Comparison of domain score and total score between socio-demographic and socio-economic groups under

category —1 treatment.

Outcome Variables Categorical baseline variable- Age P-Value
18—46 median (Q1, Q3) 47-75 median (Q1, Q3)
Physical 44 (38,44) 8 (38,44) 0.630
Psychological 1 (25,38) 1(25,31) 0.381
Social 3 (34,75) 9 (44,75) 0.688
Environmental 38 (31,50) 31 (25,44) 0.051
Total Median score 42.25 (39,46.62) 42.25 (36,45.50) 0.879
Outcome Variables Categorical baseline variable- Gender P-Value
Male median (Q1, Q3) Female median (Q1, Q3)
Physical 44 (38,44) 8 (31,44) 0.000°
Psychological 1 (25,38) 5 (25,31) 0.021
Social 9 (44,75) 0 (34,73) 0.245
Environmental 38 (31,47) 28 (25,42) 0.011
Total Median score 42.25 (37.50,47) 40.75 (31.5,42.43) 0.015
Outcome Variables Categorical baseline variable-Residence P-Value
Rural median (Q1, Q3) Urban median (Q1, Q3)
Physical 44 (38,44) 44 (38,44) 0.253
Psychological 25 (25,38) 31 (31,38) 0.027
Social 56 (44,75) 69 (31,75) 0.614
Environmental 31 (25,44) 44 (25,50) 0.149
Total Median score 42.25 (37.50,48.50) 42.37 (37.50,48.50) 0.190
Outcome Variables Categorical baseline variable-House type P-Value
Kutcha median (Q1, Q3) Pucca median (Q1, Q3)
Physical 44 (38,44) 44 (38,44) 0.639
Psychological 31 (26,38) 25 (25,31) 0.022
Social 50 (34,75) 69 (50,75) 0.247
Environmental 44 (38,50) 31 (25,44) 0.000%
Total Median score 42.37 (37.75,47) 42.25 (36.75,45.50) 0.264
Outcome Variables Categorical baseline variable-Marital status P-Value
Married median (Q1, Q3) Single/widowed median (Q1, Q3)
Physical 44 (38,44) 44 (38,44) 0.568
Psychological 31 (25,38) 31 (19,38) 0.876
Social 69 (50,75) 25 (0,28) 0.000°
Environmental 38 (25,44) 44 (31,56) 0.009%
Total Median score 42.25 (39,47) 36 (28.5,40.87) 0.000%
Outcome Variables Categorical baseline variable-Education P-Value
Illiterate median (Q1, Q3) Literate median (Q1, Q3)
Physical 44 (38,44) 44 (38,44) 0.695
Psychological 31 (25,38) 31 (25,38) 0.490
Social 50 (40,75) 69 (44,75) 0.698
Environmental 38 (25,44) 38 (25,50) 0.426
Total Median score 42.25 (36.75,44.62) 42.25 (37.56,47) 0.263
Outcome Variables Categorical baseline variable -Employment P-Value
Unemployed median (Q1, Q3) Employed median (Q1, Q3)
Physical 44 (38,44) 44 (38,50) 0.000%
Psychological 31 (25,31) 31 (25,38) 0.032
Social 62 (44,75) 50 (25,75) 0.802
Environmental 31 (25,44) 31 (31,50) 0.000°
Total Median score 42.25 (37.50,45.25) 42.25 (36,53.5) 0.078
Outcome Variables Categorical baseline variable-Smoking P-Value
Smoking median (Q1, Q3) Not smoking median (Q1, Q3)
Physical 44 (38,44) 44 (38,44) 0.402
Psychological 31 (25,38) 31 (25,38) 0.712
Social 75 (50,75) 50 (37,75) 0.022
Environmental 31 (25,44) 38 (28,50) 0.057
Total Median score 42.25 (37.50,47) 43.75 (37.50,45.50) 0.396
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Outcome Variables Categorical baseline variable-Alcohol P-Value
Drink Alcohol median (Q1, Q3) No alcohol median (Q1, Q2)
Physical 37 (36,44) 44 (38,44) 0.034
Psychological 31 (25,38) 31 (25,32) 0.093
Social 69 (50,75) 50 (31,75) 0.010
Environmental 38 (31,50) 38 (25,44) 0.437
Total Median score 40.75 (36,42.50) 43.75 (37.75,48.50) 0.003%
Outcome Variables Categorical baseline variable- comorbidity P-Value
Comorbidity present Median (Q1, Q3) Comorbidity absent Median (Q1, Q3)
Physical 44 (38,44) 44 (38,44) 0.216
Psychological 31 (25,38) 31 (25,38) 0.870
Social 56 (50,75) 69 (25,75) 0.294
Environmental 38 (25,44) 38 (31,44) 0.304
Total Median score 42.25 (31.50,47) 42.25 (37.50,45.50) 0.938
Outcome variables Categorical baseline variable-persistent symptoms P-Value
Persistent symptoms median (Q1, Q3) No persistent symptoms median (Q1, Q3)
Physical 38 (38,44) 44 (44,50) 0.000°
Psychological 31 (25,38) 31 (25,38) 0.104
Social 50 (44,75) 69 (44,75) 0.054
Environmental 38 (25,44) 38 (25,50) 0.172
Total Median score 42.25 (37.75,48.50) 42.25 (36,45.50) 0.088
Outcome variables Categorical baseline variable- Duration of treatment P-Value
3—4 months median (Q1, Q3) 5—6 months median (Q1, Q3)
Physical 44 (38,44) 44 (44,50) 0.001*
Psychological 31 (25,38) 31 (25,38) 0.429
Social 50 (50,75) 69 (26,75) 0.317
Environmental 38 (25,44) 44 (31,56) 0.000°
Total Median score 42.25 (37.50,45.25) 44.50 (39,50) 0.16

& Significant association if p < 0.05.

test and no significant association was found between any
categories based on the p-value.

3.5. Factors associated with QOL score

Multiple linear regression was performed for each outcome
variable to assess the multifactorial measure of the relation-
ship of the baseline characteristics to the outcome. The
adjusted regression coefficient, 95% confidence interval of the
regression coefficient, and the adjusted R square of each
regression model were reported (Table 2).

4, Discussion

The validity and reliability of this study using the WHOQOL-
BREF study tool are higher than the SF-36 item study tool.*®
The present study reports that QOL scores were very low
compared to previous reports among PTB patients receiving
treatment in India and elsewhere.’®?® A study reported
domain scores of 45.3 for physical, 49.3 for a psychological
domain, 59 for social domain, and 50.5 for environmental
domain among PTB patients receiving treatment.”® A study
conducted in China reported that the physical domain was the
most affected one, while this study portrays the psychological
domain as the most hampered in comparison to other do-
mains with similar findings found in other QOL assessment
studies in India.”>**

The physical domain was low among PTB patients
receiving treatment, particularly in disease severity, persis-
tent symptoms, duration of treatment, and employment sta-
tus.’® This study reports low scores among the female,
unemployed, alcoholic patients, and those with persistent
symptoms 3—4 months of treatment. It is likely that the
decreased physical domain due to pathology and its associ-
ating factors, such as persistent symptoms and unemploy-
ment, irrespective of co-morbid condition. Evidence suggests
that in developing countries like India, employment is directly
linked to physical activity. A PTB individual with retained
symptoms can affect the job status and unemployment,
which will affect physical activity.'®"” A review reported that
PTB patients with symptoms that persist for a long time have
refrained from the work, called TB induced unemployment; A
culmination of disease, symptoms, weakness, fatigue, and
loss of energy leads to unemployment followed by low socio-
economic status. About twelve percent of the probability of
relapse cases were seen among PTB cured patients with
persistent symptoms, most of which occurred in the first six
months after treatment.”®

Psychological health was the most affected domain
compared to other domains, and studies reported similar
findings compared to our research.'® We observed that the low
score was particularly among women, villagers living in pucca
house, and the unemployed. It has been seen that associating
age, gender, house type, marital status, socio-economic class,
and persistent symptoms played a role to a greater extent.
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Table 2 — Multiple linear regression (multivariate analysis) shows factors associated with different domains and total

scores among pulmonary tuberculosis patients under category —1 receiving treatment.

Domains Variable Regression coefficient t-statistic P-value
(95% Confidence Interval)

Physical Age —0.043 (—0.145 -0.060) —0.820 0.414
Gender 1.843 (—1.974 — 5.659) 0.954 0.342
Religion 1.520 (—2.689 -5.729) 0.714 0.476
Residence —0.573 (—3.003 — 1.857) —0.466 0.642
Duration of treatment —0.057 (—1.380 — 1.266) —0.085 0.932
Type of house 0.815 (—1.616 — 3.246) 0.663 0.509
Marital status —2.216 (—6.001 — 1.569) -1.157 0.249
Employment status 5.761 (3.019—8.503) 4.151 0.000*
Socioeconomic-B. G Prasad classification —0.504 (—1.465 — 0.457) —1.036 0.302
Smoking —0.438 (—3.445 — 2.569) —0.288 0.774
Alcohol 2.592 (—0.602 — 5.787) 1.603 0.111
Comorbidity —2.702 (—5.603 — 0.200) —1.840 0.068
Persistent symptoms —3.126 (—5.876—-0.376) —2.246 0.026*
Education —0.473 (—3.306 — 2.360) —0.330 0.742

Psychological Age —0.273 (—0.414——0.133) —3.850 0.000%
Gender 5.873 (0.663—11.084) 2.227 0.027%
Religion 4.743 (—1.004 — 10.489) 1.631 0.105
Residence 1.316 (—2.002 — 4.634) 0.784 0.434
Duration of treatment —1.448 (—3.255 — 0.358) —1.584 0.115
Type of house —4.930 (—8.249—-1.611) —2.935 0.004*
Marital status —6.174 (—11.341——1.006) —2.361 0.020%
Employment status 1.004 (—2.740 — 4.747) 0.530 0.597
Socioeconomic- B. G Prasad classification —1.450 (—2.762——0.138) —2.184 0.031%
Smoking —2.621 (—6.727 — 1.484) -1.262 0.209
Alcohol 1.691 (—2.671 — 6.052) 0.766 0.445
Comorbidity 2.399 (—1.563 — 6.361) 1.197 0.233
Persistent symptoms —6.698 (—10.453——2.943) —3.525 0.001°
Education 2.304 (—1.564 — 6.172) 1.177 0.241

Social Age —0.415 (-0.673——0.158) —3.190 0.002
Gender 11.075 (1.521—-20.628) 2.291 0.023
Religion —6.000 (—16.536-4.536) -1.125 0.262
Residence —1.560 (—7.643 -4.524) —0.507 0.613
Duration of treatment 6.777 (3.465—10.089) 4.043 0.000
Type of house 0.657 (—5.428 — 6.742) 0.213 0.831
Marital status —54.231 (—63.706——44.756) -11.310 0.000
Employment status —6.107 (—12.971 - 0.757) —-1.758 0.081
Socioeconomic- B.G Prasad classification —1.987 (—4.392 — 0.419) -1.632 0.105
Smoking —5.641 (~13.168 — 1.886) —1.481 0.141
Alcohol 6.566 (—1.431 — 14.563) 1.622 0.107
Comorbidity 4.890 (—2.374 — 12.154) 1.330 0.186
Persistent symptoms —4.604 (—11.488-2.281) -1.321 0.188
Education —1.530 (—8.621-5.562) —0.426 0.671

Environmental Age —0.365 (-0.516——0.213) —4.761 0.000°
Gender 7.414 (1.792—13.036) 2.606 0.010*
Religion 13.261 (7.061—19.461) 4.226 0.000%
Residence 0.984 (—2.596 — 4.564) 0.543 0.588
Duration of treatment 1.822 (—0.127 — 3.771) 1.847 0.067
Type of house —5.608 (—9.189——2.027) —3.095 0.0022
Marital status —5.327 (—10.903 — 0.249) —1.888 0.061
Employment status 4.831 (0.792—8.870) 2.363 0.019*
Socioeconomic- B.G prasad classification —0.489 (—1.905 — 0.926) —-0.683 0.496
Smoking —7.201 (—11.630——2.771) -3.212 0.002*
Alcohol 1.805 (—2.900 — 6.511) 0.758 0.450
Comorbidity 5.890 (1.615—10.164) 2.722 0.007%
Persistent symptoms —2.437 (—6.488 — 1.615) —1.188 0.237
Education —0.625 (-4.799—3.548) —0.296 0.768

# Significant association if p < 0.05.

While the study had similar findings compared to ours, the
evidence suggests that the mental trauma incurred by female
patients on account of their illness persists for a prolonged

time.'®?° Persistent symptoms, marital status affected the
physiological domain, leading to depression and anxiety.
The present study's social domain scores were not as low as

17,18


https://doi.org/10.1016/j.ijtb.2022.05.005
https://doi.org/10.1016/j.ijtb.2022.05.005

220 INDIAN JOURNAL OF TUBERCULOSIS 70 (2023) 214—221

the previous study among PTB patients receiving treatment. A
study reported domain scores of 59.0 among drug sensitivity-
PTB patients.?’ Overall, social domain scores appeared to be
higher than other domains. In contrast to other domains, this
was not affected by gender and persistent symptoms. With
the similar findings from other studies, our study reports that
single/widowed have a lower score as compared to married
individuals, and the essential associating factor was marital
status; as the evidence suggests that there were two different
types of stigmas associated with TB are public discrimination,
and the internal stigmatization that patients feel after con-
tracting TB, especially in developing countries like India TB
associated with stigma both from family and public which in
turn leads to isolation of people with TB but the support pro-
vided by a spouse, partners, family, friends, health-care pro-
fessionals had deviated from the negative influence on the
social domain among PTB patients.’®?° Furthermore in this
present study, age, gender, duration of treatment in a month
have been associating with social domain while an Indian
study reports the strong association found on similar inde-
pendent factors with the addition of residence and socio-
economic status.®?°

The environmental domain was the second primarily
affected domain with the lowest score, comparatively lower
than other Indian studies.’>?° While a study reported lower
score was observed among the female individual who lives
in a rural pucca house, are married, have Hindu religion and
have low economic status. Similar findings account for this
present study among PTB patients receiving treatment in
the Vellore district.”” The factors that influence this domain
include age, gender, religion, house type, employment sta-
tus, smoking, and comorbidity, similar to the environmental
domain score in the Indian study.'”?° Evidence suggests
that external stigmatization along with low resources
environment affect the environmental domain, especially in
individuals living in pucca house and with lower socio-
economic status.”” Employment plays a vital role in deter-
mining the workplace environment and living environment;
thus, it impacts the QOL.?* And other factors of contribution
were not apparent. A study from Baltimore showed that the
root cause of low socio-economic status is the out-of-pocket
expenditure incurred by TB patients. At the same time, our
study also strongly supports this issue. Most of the re-
spondents in our study have quit jobs due to their health
status or social stigma, which were similar to the findings of
the other studies.??

Though diabetes occupies a major proportion of the co-
morbidity of PTB, comorbidity is only associated with the
environment domain, which is similar to a study.” With
similar findings from Asian and African studies, this
research also reports on the significant prevalence of PTB
cases among the male gender."" In contrast to the survey in
African studies, females had low scores in all the domains,
similar to Muniyandi et al study, which evaluated QOL using
the SF-36 questionnaire.'® Evidence suggests the prevalence
of patriarchal society and very few coping skills of the
feminine gender towards the peer pressure and challenges
that incurred every day would determine the social and
psychological aspects of quality of health.

There occurs a difference in the duration of treatmentin a
month; during the initial phase (3—4 months) of treatment,
the domain score was lower when compared to 5—6 months
of treatment; a similar finding was observed earlier.”’ This
also leads to subside symptoms throughout treatment, with
similar results found in another study.”® WHOQOL-BREF
study tool consists of high validity and reliability compared
to the SF-36 study tool used by Rajeswari et al, 1999. In
contrast to other studies, there were no significant differ-
ences in this study; about more than half were from rural
incurred PTB, while Rajeswari et al, 1999 reported 75% of
urban patients.?* This study strongly supports that TB in-
duces unemployment, while studies from Asia and Africa
reported the same.

However, the need of the hour would be the psychometric
assessment tool designed explicitly for TB patients.'®*° Hence
it is necessary to bring psychometric assessment throughout
treatment for PTB patients. A comprehensive approach is
much needed in the context of the TB arena. The main
strengths of our study lie in using the WHOQOL-BREF study
tool, which is validated and reliable compared to other QOL
evaluation tools.”® This study reports its finding based on
community. This study was conducted in the Vellore district;
hence it is a generalization of the TB diseased population of
South India. As this research deals with the dimensions of
pulmonary TB patients and QOL who are receiving treatment
in Vellore, this research does not interfere with another
research done in this field.

This study reports certain limitations, such as the exclu-
sion of certain groups of TB patients (all drug-resistant and
extrapulmonary TB) and restricted only to pulmonary TB pa-
tients. Language barrier in this study refrain generalization of
the population of India. This study is only confined to pul-
monary TB patients undergoing treatment in Vellore and the
method of this study was the telephonic interview; hence
rapport building was not there. This study also had reporting
bias, since this doesn't involve any direct observation of the
study participant. Recall bias may be present because the
present study used the WHOQOL-BREF questionnaire to
assess the study participant's feelings and experience for the
last two weeks.

5. Conclusions

Quality of life is significantly impaired among PTB patients
under category-1 receiving treatment in the Vellore district
of Tamil Nadu. In this study, the most affected aspect of QOL
is the psychological domain of the patients, and the main
associating factors with low QOL that predominately prevail
over all the domains are marital status, persistent symp-
toms, and unemployment, with a significant difference, was
also observed in these variables. The research fraternity
would have a new novel exposure to the various dimensions
and issues related to pulmonary TB patients and their QOL in
India with specific reference to Vellore through this study.
Health policymaker/program manager would have practical
knowledge and mindset of pulmonary TB patients towards
QOL and associating factors. Researchers can develop
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suitable strategies to effectively manage active pulmonary
TB patients, systems, and practices in India to have an
optimal outcome.
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Tuberculosis still remains a serious public health problem in developing countries. Rapid
isolation of mycobacteria is critical for accurate diagnosis and management of tubercu-
losis. In the present study BACTEC MGIT 960 system was evaluated against Lowenstein
Jensen (LJ) medium for isolation of mycobacteria from different extra-pulmonary speci-
mens (N = 371). The samples were processed using NaOH-NALC method and inoculated in
BACTEC MGIT and on 1J medium. The BACTEC MGIT 960 system detected 93 (25.06%)
samples positive for acid fast bacilli and by LJ only 38 samples (10.24%) was positive.
Furthermore, total 99 (26.68%) samples were detected positive by both the culture methods.
The mean turnaround time to detection of mycobacteria by MGIT 960 were significantly
less (12.4 days) as compared with L] (22.76 days). In conclusion, BACTEC MGIT 960 system is
more sensitive and rapid culture system for isolation of mycobacteria. However LJ culture
method also suggested to further increase the detection rate of EPTB cases.

© 2022 Published by Elsevier B.V. on behalf of Tuberculosis Association of India.

1. Introduction

also very important to facilitate proper treatment. Although
molecular probe based assays are valuable for rapid screening
of smear positive cases of tuberculosis, sensitivity of these

Extra-pulmonary tuberculosis (EPTB) is a diagnostic dilemma
as the clinical symptoms may be non-specific and microscopic
demonstration of the acid fast bacilli in these cases yields
mostly negative results. Although, EPTB cases are not conta-
gious, yet high rate of mortality and morbidity has been noted
all over the world." Rapid and accurate diagnosis of EPTB is

assays for smear negative cases is very low.”* Furthermore,
molecular method like line probe assay is invalid for myco-
bacterium other than tuberculosis (MOTT) and also not
capable to follow up progress of treatment as it can not
differentiate viable and dead bacilli. Early isolation of myco-
bacteria is necessary for drug susceptibility testing and also to
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follow up the success of treatment. Culture on Lowenstein
Jensen (LJ) is the conventional technique to isolate viable
mycobacteria from specimen of patient. LJ cultures require
3-8 weeks of incubation time to interpret the culture result
and additional 3—4 weeks for drug susceptibility testing.*
Broth media based culture systems are known for rapid
isolation of mycobacteria with reduced time and increased
sensitivity. Among broth based culture systems BACTEC MGIT
960 is a fully automated and non-radiometric method for the
isolation of mycobacteria using a fluorescent oxygen-
quenched sensor embedded in silicone at the bottom of the
tubes. World health organization (WHO) recommended liquid
culture for timely diagnosis and treatment of the disease.
There are some reports showing the value of MGIT 960 in-
strument for isolation of mycobacteria.”’

In the present study, turnaround time for isolation of
mycobacteria from EPTB specimens was evaluated using
MGIT 960 instrument and compared with LJ culture method at
a tertiary care centre in India.

2. Materials and methods
2.1. Study subject

This study was carried out at National Institute of Tubercu-
losis and Respiratory Diseases formerly known as Lala Ram
Swarup Institute of Tuberculosis and Respiratory Diseases,
New Delhi, India. A total of 371 clinically suspected cases of
extra pulmonary tuberculosis attending the OPD and Indoor
were collected. The clinical samples included FNAC (166), Pus
(96), Pleural fluid (41), Pleural pus (26), Cold abscess (6), Chest/
breast abscess (5), Ascitic fluid (4), CSF (2), Skin biopsy (2),
Endometrial fluid (2), Tissue (2), Synovial fluid (1), Para-spinal
fluid (1), Pericardial fluid (1), Knee abscess (1), Liver abscess (1),
back abscess (1), urine sample (1), and unknown (12).

2.2. Samples processing

Samples were processed using sodium hydroxide and N-
acetyl-L-cysteine (4% NaOH/0.5% NALC in 2.9% sodium citrate
solution) method.® In brief, the equal volume of specimen and
NaOH/NALC solution were mixed and vortex. Phosphate
buffer (0.067 M, pH 6.8) was added to make final volume 50 ml
After 15 min of incubation at RT. It was centrifuged at 3000xg
and 4 °C for 20 min. The supernatant was discarded and
sediment was resuspended in phosphate buffer to a final vol-
ume of 2 ml. This suspension was used for inoculation in MGIT
960 and LJ culture medium. Specimens were usually processed
on the day of collection and otherwise stored at 4 °C (i.e.,
received during the weekend or holiday). Smear of suspension
was prepared to examine the presence of acid fast bacilli.

2.3. Inoculation in MGIT and L] medium

The suspension (0.5ml) was inoculated in MGIT (Becton,
Dickinson, and company) culture tube containing PANTA
(polymyxin B, amphotericin B, nalidixic acid, trimethoprim,
and azlocillin) antibiotics. The tubes were entered into the
MGIT 960 instrument. The tubes were incubated at 37 °C and

were monitored automatically after every 60 min for genera-
tion of fluorescence upto 6 weeks. Sample flagged as positive,
was taken out from the MGIT 960 instrument. 0.1 ml of the
suspension was used for inoculation on LJ media. LJ media
were incubated at 37 °C and reading was taken after interval of
one week upto a duration of 8 weeks.

2.4. Sterility and smear examination of positive flagged
MGIT tube

Smear of positive tube was prepared and examined for AFB
after ZN staining. Sterility of MGIT culture was checked by
streaking on blood Agar plate.

2.5. Identification of M. tuberculosis complex

Immunochromatographic assay using TbcID kit (BD di-
agnostics) was performed for MGIT cultures positive for acid
fast bacilli as described by the manufacturer. In brief, 0.1 ml of
liquid culture was applied onto the TbcID strip. Strips were
incubated for 15—30 min at RT. Pink colour band in the control
(C) region confirmed test validity and band in the test (T) re-
gion was interpreted as positive for MPT64 Ag.

2.6. Statistical analysis

The following formulas were used for statistical calculations-
Sensitivity was true positives/(true positives + false negatives)
%100, specificity was true negatives/(true negatives + false
positives) x 100. A predictive value (PV) to define the proba-
bility of a disease is very important as it provides the signi-
ficance of a disease to characterize a patient for the particular
disease from the patient's population (+PV), and a high -PV is
also needed to exclude the disease. PPV was calculated as true
positives/(true positives + false positives) x 100 and NPV was
true negatives/(true negatives + false negatives) x 100.

3. Results

All the extra-pulmonary patients included in the present
study were over 18 and under 52 years of age. The mean age of
patients suffering from extra-pulmonary tuberculosis was
27.8 days. The male and female ratio of tuberculosis patients
was 1:1.3. In the present study, 317 cases belong to Delhi State
and 54 cases were outside of Delhi State.

The focus of the present study was to compare the MGIT
960 and LJ culture methods for diagnosis of extra pulmonary
tuberculosis. The culture of extra pulmonary tuberculosis
patients was inoculated on both medium. The clinically sus-
pected 371 EPTB patients (123 New EPTB, 147 Failure, 85
relapsed TB, 8 defaulters and 8 chronic execrators) cases were
included (Fig. 1). The different sites of all extrapulmonary
tuberculosis (EPTB) specimens are summarized in Table 1.

The comparative positivity rate for EPTB subjects is
summarized in Table 2. Out of 371 EPTB cases, 25.06% of
clinical samples were positive for MTB complex by MGIT
960 system whereas positivity for L] method was 10.8%.
The result showed that isolation of MTBC in MGIT 960 was
higher by 15% when compared with the LJ culture. The
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Fig. 1 — Different categories of extra-pulmonary
tuberculosis cases (N = 371)

combined results of both L] & MGIT 960 showed 26.68%
positivity for MTBC. However, 1.06% of MTBC were isolated
in LJ culture media had not grown in MGIT 960 culture
system (Table 2). The contamination rate was found to be
5.12% on MGIT 960 media as uniform turbidity in the entire
tube was noted and culture was negative to ZN staining. In
MGIT media 8 nontuberculous mycobacteria were recov-
ered and only 2 of these were positive for L] media (Table
3). In the present study it was observed that among 38
EPTB, 32 specimens (84.21%) those were positive by LJ
detected positive by MGIT also. However, 61 (16.44%) EPTB

Table 1 — Different sites of extra pulmonary specimens

Specimen site No

FNAC 166
Pus 96
Pleural fluid 41
Pleural pus 26
Cold abscess
Chest/breast abscess
Ascitic fluid

Cerebro spinal fluid
Skin biopsy
Endometrial fluid
Synobial fluid
Para-spinal fluid
Tissue

Peri cardial fluid
Urine

Knee abscess

Liver abscess

Back abscess
Unknown

P PR R, R, NR,RP,NNNS O

=
N

371

Table 2 — Culture positivity rate for extra-pulmonary
tuberculosis subjects

Smear Culture positive Contaminated
Ly MGIT 1+ Lj MGIT
MGIT
Negative EPTB 38 93 99 8 19
subjects (10.24%) (25.06%) (26.68%) (2.15%) (5.12%)
(N = 371)

cases detected as negative for mycobacteria by LJ media
were recovered in MGIT media (Table 4). Among specimens
the turnaround time to positivity was shorter with MGIT
12.4 days as compared to detection time on L] media (22.76
days) (Table 5). All the culture negative tubes were further
inspected visually for any growth and growth noticed in
one MGIT 960 tube and it was reported as positive for MTB
by ZN staining and Immunochromatographic test.

4, Discussion

The World Health Organization recommends liquid culture
system as standard method for rapid isolation of mycobac-
teria. MGIT 960 method is known to higher culture positivity
rate among smear negative specimens.’ MGIT 960 system has
been extensively evaluated for recovery of mycobacteria from
tuberculosis specimens.””’ The present study was done to
evaluate the utility of MGIT 960 culture method against widely
used conventional L] media for diagnosis of extrapulmonary
tuberculosis.

Table 3 — Organisms identified as MOTT from positive
mycobacterial cultures

MGITculture positive
8/371 (2.15%)

LJ culture positive
2/371 (0.5%)

Table 4 — Correlation of positivity rate on L] and MGIT
culture

MGIT L

Positive

Total

Negative

Positive 32 (84.21%) 61 (18.31%) 93 (25.06%)
Negative 6 (25.79%) 272 (81.68%) 278 (74.93%)
Total 38 333 371

PPV; 34.40%, NPV; 97.8%, Accuracy; 81.94%.

Table 5 — Turnaround time for culture using L] and MGIT
960

Days Culture positive

LJ MGIT 960
<7 days 0 4
7—14 days 6 17

>14 days 32 72
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In our study MGIT positivity is higher for MTBC and NTM as
compared to solid media underlines the importance of liquid
media for identification in combination with immunochro-
matographic assay. Various studies showed limitation of
MGIT 960 due to relatively high proportion of cultures
contamination.®*®"" In our study the contamination rate was
within the range 2.1% and 5.1 for LJ and MGIT 960 media
respectively. Study suggests that MGIT 960 requires careful
processing and timely handling of specimens. Our data
showed increase in number of positive cultures by MGIT 960
system compared to conventional L] method. In addition, our
study also showed increased rate of positivity taking both the
culture methods in combination for diagnosis of tuberculosis.
It was noticed that culture contaminated on MGIT 960 were
recovered on L] media. Therefore, increased yield of positivity
reported in our study was due to less contaminated rate of L]
in comparison to MGIT culture. The average culture positive
detection time for specimens was reported less for MGIT 960
system as compared to LJ. In contrast only 6 cultures were
detected on L] in less than 14 days and in MGIT 960 detected 17
culture positive. In the present study only limited number of
samples were included and drug susceptibility data is not
available. In our study visual appearance of growth was
noticed in a MGIT 960 tube declared negative by instrument
after 42 days of incubation and it was positive to MTB complex
by ZN smear and Immunochromatographic test. Therefore,
further incubation of MGIT 960 tubes containing EPTB samples
may increase the yield of culture. In the present study default
setting of incubation period i. e 42 days was used.

Our study highlighted the value of MGIT 960 system as a
highly efficient, semi-automated system for isolation of
mycobacteria from extrapulmonary specimens. Shifting from
LJ to MGIT culture in existing laboratory and by strengthening
the peripheral laboratory with MGIT 960 system will help to
find out more EPTB cases in short span of time. This in turn
will help the clinicians to manage and treat the EPTB patients
in shortest/earliest possible time. In conclusion, although
MGIT 960 cultivation system has higher sensitivity and rapid
isolation rate, solid media also suggestive for isolation of
mycobacteria from extrapulmonary specimens to further in-
crease the yield.
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Introduction: In the context of changing over from an intermittent treatment regimen to a daily
regimen, it becomes crucial to understand the impact of a daily regimen on the treatment
process and outcome. It enables health professionals to strengthen strategies, to enhance the
quality of treatment as well as the quality of life of TB patients. The perspective of each
stakeholder involved in the process is important in assessing the impact of the daily regimen.
Objectives: To understand patients' and providers' perspectives on the daily regimen of
Tuberculosis treatment.
Methodology: A qualitative study was conducted between March 2020 to June 2020,
including in-depth interviews with TB patients on treatment and DOT providers, and Key
Informant Interview(KII) with TB Health Visitors(TBHV) and family members of TB pa-
tients. A thematic-network analysis approach was utilized to get the results.
Results: Two sub-themes emerged: (i) Acceptance of the daily regimen of treatment; (ii)
operational difficulties of the daily regimen. No injections in the regimen, fewer side effects
of drugs as dose depends on weight band, family members can be treatment supporter,
awareness about disease and treatment, the drugs are as same as private drugs available,
adherence has improved, monthly DBT were found to some of the enablers in the study.
The Barriers found in the study were traveling daily to get drugs, loss of daily wages,
accompanying patients daily, tracing private patients, pyridoxine is not given free in this
regimen, increased workload for treatment providers, etc.
Conclusion: The study points out that acceptance of the patient to the daily regimen is better
as they have lesser side effects. The operational difficulties in the implementation of the
daily regimen can be addressed by providing family members as treatment supporters.
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1. Introduction

Tuberculosis (TB) remains a major global health problem.
About a third of the world's population is estimated to be
infected with Mycobacterium tuberculosis. India has one-fourth
(27%) of the global TB burden.' According to the Global TB
report 2019 India has an incidence of 199 cases per lakh pop-
ulation per year. TB now ranks alongside HIV as a leading
cause of death worldwide." TB kills more adults in India than
any other infectious disease. In India, every day more than
6000 develop TB disease; more than 600 people die of TB (i.e. 2
deaths every 5 minutes). India has the highest burden of MDR
TB, it has around 3% of new TB cases and 12%—17% of previ-
ously treated TB cases have MDR-TB.?

The revised National TB Control Program (RNTCP), now
called as National TB Eradication Program(NTEP), is an ongoing
Centrally Sponsored Scheme, being implemented under the
umbrella of the National Health Mission. India adopted the
internationally recommended Directly Observed Treatment
Short-Course (DOTS) in the management of TB patients.

Following the recommendations of WHO, the RNTCP on
30th October 2017 made a major shift in regimen from inter-
mittent (thrice-weekly) to daily regimen of TB treatment
throughout the country. The daily strategy is known to
improve program coverage along with compliance. The prin-
ciple of treatment for drug-sensitive TB with a daily regimen is
to administer a daily fixed-dose combination of first-line anti-
TB drugs with inappropriate weight bands for pulmonary and
extra-pulmonary TB in all age groups. Such strategic shifts
will have both management and operational implications.?

Understanding the impact of daily regimens on treatment
outcomes is crucial to enable health professionals to
strengthen strategies to enhance the quality of treatment as
well as the quality of life of TB patients. Through this study it
was attempted to explore the personal experience of TB pa-
tients, family members of patients, DOTS providers as well as
TB Health visitors regarding and daily regimen. This study can
provide a holistic picture of the functioning of DOTS in daily
regimen can be understood and further initiatives to be taken
to address unmet needs.

2. Objectives

1. To explore TB patients' and providers' perceptions con-
cerning the daily regimen of TB treatment by DOTS.

2. To explore the perception of Family members of TB pa-
tients regarding the daily regimen of TB treatment through
DOTS.

3. To identify the barriers, challenges, and supportive needs
of both TB patients and DOT providers.

3. Methodology

The study was conducted in the DOTS center of JSS hospital to
explore the experiences and perceptions of TB patients on
associates of treatment adherence, phenomenological
approach was employed to carry out qualitative data collec-
tion. Accordingly, Telephonic in-depth interviews with TB

patients, TB Health Visitors, DOTS Providers, and family
members of TB patients were conducted from 9th to 20th of
May 2020.

3.1 Study participants and sampling

Age (18 years old and above) and duration of treatment (3
weeks or more) were considered as criteria for selection. Se-
lection continued until conceptual saturation was reached (to
the point no further new information was obtained anymore).

e Recruitment of participants

Eligible participants were contacted by the investigators
within the selected facilities either in person or through a
telephone call. These clients were informed of the study and
given the chance to decide to willingly participate. And Pa-
tients who were above the 18 years of age group were included
in the study and the TB patients who did not give consent for
the study, patients who were seriously ill were excluded from
the study.

e Data collection techniques and tools

The interview guide was prepared before the interview,
which consists of Semi-structured interview questions. Some
of the probing questions were formed to use if the information
received was incomplete or the participant faced problems in
understanding the question and in answering.

The questions included awareness of the diseases, pa-
tients' experience with the daily regimen, family members'
experience, TBHVs, and DOTS providers' experience with the
daily regimen.

All the in-depth interviews were conducted in the Kannada
language and were audio-recorded. Each In-depth interview
lasted for an average of 30mins. The Interviews guide was
used to initiate discussions and to gear the whole session of
the discussions toward the topic.

The data analysis was done by following the steps.

i. Transcription-the raw data will be transformed into
written text format.

ii. Each of the audio records will be repeatedly listened to
and transcribed verbatim and translated into English by
the principal investigator.

iii. Deciding the unit of analysis-either sentences or
paragraphs

iv. Coding the text

v. Drawing conclusions from coded data

ATLAS-ti software version 2.0 was used to organize and
save the codes and themes.

4, Results

A total of 15 participants took part in the study giving in-depth
interviews. Of the 15 members, 6 were TB Patients, 5 were
family members of TB Patients, 2 were TB Health Visitors and
2 were DOTS providers/Treatment supervisors (Fig. 1).
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Fig. 1 — Flowchart of the enablers and barriers of daily regimen from Stakeholders' perspective.

4.1. Theme 1. Awareness about the disease

Most TB patients knew about the cause and spread of the
disease. They said it's through the respiratory route. One of
the patients said he doesn't know about the cause of the dis-
ease, he just has to take treatment so he is taking it.

One of the DOTS providers said, “They(patients) usually
know how they get the disease, but one who is addicted
to alcohol they are not bothered to know it. Once they come
for treatment we give complete awareness about the
disease”.

4.2.  Theme 2. Patient's perspective on a daily regimen of
DOTS

Most of the patients opined that they are satisfied with the
treatment given to them. The patient knows that for a com-
plete cure of tuberculosis they have to complete the treatment
without interruption. They said the health workers are very
cooperative and supportive to them in completing the
treatment.

A 52-year-old male patient said, “I don't have any problem
in taking the tablets daily, disease has come to me so I have to

take the treatment and get cured as early as possible and the
government is doing it for our good only".

One of the college-going girls said she doesn't have any
problem with the daily regimen and it's convenient for her to
take the drug regularly as the DOTS center is near to her
house. She is getting full support from her family as well as
the health system.

4.3.  Theme 3. Family members’ perspective on a daily
regimen of DOTS

The daily regimen and the longer duration of treatment are
challenging for both patients and their family members. As
most of the family members are aware of the disease and
treatment course, they are very much supportive of the pa-
tients; they have complete confidence in DOTS in curing the
disease. According to this newer regimen, the family mem-
bers have a provision of being family DOTS providers/sup-
porters, who can monitor the treatment and be the support
throughout the completion of the course.

One of the family members of a patient expressed that
being a daily wager sometimes it becomes difficult to collect
the tablets daily, especially for the first two months.
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4.4.  Theme 4. Patient-related enabling factors of a daily
regimen of DOTS in TB patients’ care and support

One of the patients who had received intermittent regimen 2
years back and then on a daily regimen as well, shared his
experience of both the experiences. In the initial stage first, he
took six months of treatment, and then he took eight months
of treatment along with a streptomycin injection. He had
phased problem with the injections. He says “I don't have any
problem in taking tablets but can't tolerate the pain of the
injections". Now in this recent regimen, the streptomycin in-
jections are not given.

He said he is a self-motivated person and he wants to get
cured and he doesn't want any of his family members to
suffer. Also, the health personnel including DOTS providers,
TBHVs, and health workers were very much supportive in
completing the treatment.

4.5.  Theme 5. Program-related enabling factors of the
daily regimen of DOTS in TB patients’ care and support

4.5.1. According to the TBHVs

The number of tablets has reduced in the daily regimen
compared to the 7 tablets in a day in the intermittent regimen.
This factor has improved drug adherence among the patients.
The FDC and daily regimen have given the feeling of improved
quality of treatment among patients because the regimen is
the same as that of the private regimen available.

They said even the adverse events/reactions are less with
the daily regimen because the FDC and tablets are given ac-
cording to weight band unlike in intermittent regimens where
the same doses were given to everyone irrespective of their
weight.

Having the option of family treatment supporter has
improved the TB patient care and support for treatment
completion.

4.5.2.  According to the DOTS providers and TBHVs

Even though the treatment completion rate is almost the
same with the older regimen compared to the newer regimen,
with the effort of the program the awareness level regarding
the prevention, treatment of the TB disease has increased
among the patients, family members, and the community as a
whole. This has helped in treatment completion.

They also said that a Direct benefit transfer of rs 500 to all
the TB patients to support their nutrition has helped and
encouraged many patients to complete the treatment. The
DOTS provider said with a laugh “the patients ask for money
even after completing the treatment".

4.6.  Theme 6: Health system barriers to TB patients’
care and support

According to the TB health visitor (TBHV), increased workload
on the health workers because of the daily regimen, initially
only patients coming to the public sector were taken care of by
the health workers but now because of the newer regulations
even the private sector patients also have to be monitored and
followed up. In the recent regulation, the patient is TB free is

declared after two years, till then every six months the patient
has to be tested for sputum AFB.

Tracing some of the private patients is a difficult task, as
they will not be willing to share their details and most of the
time they will not be comfortable with health workers' visits to
their houses, therefore health workers have to be dependent
on private doctors data on follow up the status of the patients.

One of the TBHV expressed that, as the fixed-dose combi-
nation drug regimen will not be providing the pyridoxine, the
patients have to bear the cost of pyridoxine it is needed.

4.7.  Theme 7. Patient-related barriers to TB patients’
care and support

Some of the patients expressed that they face difficulty in
getting the tablets daily by coming to DOTS centers.

Daily Travelling to the DOTS center is difficult for them in
terms of money spent on the transportation and sometimes
for female patients coming alone will be difficult. Somebody
has to accompany them. One of the patients said he has
stopped going to his job since the diagnosis of the disease,
only his wife is earning now and his sons are also supporting
some time.

5. Discussion

A total of 15 participants took part in the study giving in-depth
interviews. Of the 15 members, 6 were TB Patients, 5 were
family members of TB Patients, 2 were TB Health Visitors and
2 were DOTS providers/Treatment supervisors.

5.1. Awareness about the disease

Most TB patients knew about the cause and spread of the
disease. They said it's through the respiratory route. One of
the patients said he doesn't know about the cause of the dis-
ease, he just has to take treatment so he is taking it. Similarly,
a study conducted by Negandhi et al, Kasa et al and Kigozi
et al, reported that the majority of patients knew about the
route of transmission of disease.*>° In a study conducted by
Negandhi H the patients described TB, its mode, and the
spread of infection which shows an adequate level of
knowledge.* The good knowledge among patients in our study
is in contrast to the study conducted by O.Boyle et al. where
they found that majority of patients in the study stated that
the health workers should give information about TB and
DOTS.’

5.2. Patients’ perspectives on a daily regimen of DOTS

Most of the patients opined that they are satisfied with the
treatment given to them. The patient knows that for a com-
plete cure of tuberculosis they have to complete the treatment
without interruption. They said the health workers are very
cooperative and supportive to them in completing the treat-
ment. Similarly, In a study conducted by Aibana O et al, the
patients opined that missing doses of TB medications may
decrease treatment effectiveness.®
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Similarly, in a study conducted by Aibana O, many par-
ticipants said that they have a desire to recover or stay
healthy/alive.®

In our study, some of the participants opined that they
don't have any problem with their daily regimen, and it's
convenient for them to take the drug regularly as the DOTS
center is near to their house. Many of them received full
support from their family as well as the health system. A
study conducted by Daniel Fhisea et al. found a similar view of
patients that the advice they got from the health care provi-
ders(DOT providers) helped them to their
treatment.’

In a study conducted by Sahil, patients said that they were
having good relationships with health care service providers
and they obtained information and support from the DOTS
providers. In a study conducted by Daniel Fiseha et al, the
majority of TB patients stated they got support and encour-
agement from family members during treatment.’

continue

5.3. Family members' perspective on a daily regimen of
DOTS

The daily regimen and the longer duration of treatment are
challenging for both patients and their family members. As
most of the family members are aware of the disease and
treatment course, they are very much supportive of the pa-
tients; they have complete confidence in DOTS in curing the
disease. According to this newer regimen, the family mem-
bers have a provision of being family DOTS providers/sup-
porters, who can monitor the treatment and be the support
throughout the completion of the course. One of the family
members of a patient expressed the difficulties in collecting
the tablets daily, especially for the first two months. In a study
conducted by Marahatta SB, the participants said that eco-
nomic problem is one of the main barriers to attending facil-
ities to get TB drugs."’

5.4. Patient-related enabling factors of the daily regimen
of DOTS in TB patients’ care and support

One of the patients who had received intermittent regimen 2
years back, and then on a daily regimen as well, shared his
experience that he won't have any problem in taking tablets
but can't tolerate the pain of the injections. He was a self-
motivated person and he wants to get cured and he doesn't
want any of his family members to suffer. And he opined that
the health personnel including DOTS providers, TBHVs, and
health workers were very much supportive in completing the
treatment. In a study by Lee et al,, it was found that patient
education by health workers regarding TB disease and treat-
ment showed an increased adherence to treatment in
Bangladesh."

5.5. Program-related enabling factors of a daily regimen
of DOTS in TB patients’ care and support

5.5.1. According to the TBHVs

Reduction in the number of tablets compared to the inter-
mittent regimen. This factor has improved drug adherence
among the patients. The FDC and daily regimen have given

the feeling of improved quality of treatment among patients
because the regimen is the same as that of the private regimen
available. The adverse events/reactions are less with the daily
regimen because the FDC and tablets are given according to
weight band unlike in the intermittent regimen where the
same doses were given to everyone irrespective of their
weight. In a study conducted by Sanneh AFNS, the partici-
pants expressed that daily medication with its fixed-dose
combination was more convenient. In the present study
they have stated that having the option of family treatment
supporter has improved the TB patient care and support for
treatment completion. In another study, conducted by Yell-
appa et al. participants stated that the family was the main
source of support during the patient's recovery.?

5.5.2.  According to the DOTS providers and TBHVs
With the effort of the program, the awareness level regarding
the prevention, and treatment of the TB disease has increased
among the patients, family members, and the community as a
whole which helped in treatment completion. A direct benefit
transfer of Rs 500 to all the TB patients has helped and
encouraged many patients to complete the treatment. A study
conducted by Daniel Fiseha et al found that the support from
the family and community was very important for patients to
comply with their treatment.-cite daily regimen.’

In the other study conducted by Tadesse T et al., it was
found that family support is identified as the most important
factor for influencing treatment compliance.*

5.6. Health system barriers to TB patients’ care and
support

According to the TB health visitor (TBHV), increased workload
on the health workers because of the daily regimen, Tracing
some of the private patients is a difficult task, as they will not
be willing to share their details and most of the time they will
not be comfortable by health worker's visit to their houses,
therefore health workers has to be dependent on private
doctors data on follow up the status of the patients. A study
conducted by Negandhi H et al described that complete noti-
fication of all patients attending private hospitals has still not
been attained. And also they described that increased super-
vision in daily regimen increases health worker workload
which may undermine the implementation of DOTS.*

5.7. Patient-related barriers to TB patients’ care and
support

Some of the patients expressed that they face difficulty in
getting the tablets daily by coming to DOTS centers. Daily
Travelling to the DOTS center is difficult for them in terms of
money spent on the transportation and sometimes for female
patients coming alone will be difficult. Somebody has to
accompany them. In the present study, it was observed that
long traveling distances to DOTS centers and inconvenient
timings were making it difficult to receive regular treatment.
Similar observations were done in other studies.*

Another study conducted by Daniel Fiseha et al observed
that the barrier was money, where patients were going to the
clinic barefoot every day due to lack of money and the high
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cost of transportation.’® Similar factors were found in other
studies conducted by I Tanimura T et al., and S. J. O'Boyle.
et al.’’ In a study conducted by Sahil Z it was observed that
the barrier was distance and money, where two participants
said that the health facilities were far from their homes and
relatively costly for transportation services.™”

A study conducted by Mette sagabekken et al found some
similar other barriers like daily physical demands, food inse-
curity, and hunger. Rigid routines work of the day, and poor
support from some of the health workers.®

5.8. Conclusion

The study was carried out to explore the stakeholder per-
spectives on the Daily regimen of DOTS mainly to identify the
barriers, challenges, and supportive needs of both TB patients
and DOT providers. We found that the barriers and challenges
among patients were Daily Travelling to the DOTS center, time
inconvenience of patients due to their work, economic prob-
lems, side effects of Anti-TB drugs, etc. Among DOTS pro-
viders the barriers and challenges increased in workload,
monitoring of private patients, etc., and enabling factors
among patients were the support of DOTS providers and
family members. Supportive needs for patients are recognized
as economic support, motivation among defaulters, etc.
among DOTS providers, extra manpower resources, and
logistical support. The limitations of this study are the study
was conducted only in one DOTS center of JSS hospital in
Mysore. Further studies should concentrate more on de-
faulters rather than adherent patients.

5.9. Limitation

As it is a qualitative research method, the results obtained
cannot be generalised to the larger group.
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Background: Costing of resources helps to measure financial implications and effective
utilization of resources of national programs. As there is limited evidence about cost per
service, current study was done to assess the cost of services under National Tuberculosis
Elimination Program (NTEP) at Community Health Centres (CHCs) and Primary Health
Centres (PHCs) of northern state of India.
Material and methods: Cross-sectional study carried out in two districts and from each
district eight CHCs and PHCs were randomly selected.
Results: Mean annual cost of providing NTEP services at CHCs and PHCs were US$5243.1
(95%CI: 3008.0—7225.4) and US$1031.9 (95%CI: 669.1—1447.1) respectively. Across both
centres human resource contributes to the most (CHC: 72.9%; PHC: 85.9%). One way
sensitivity analysis was carried out for all health facilities and observed that human
resource cost influences most cost per treated case by providing services under NTEP.
Although relatively very less but cost of drugs also influences cost per treatment.
Conclusion: Cost of delivering services was high for CHCs as compared to PHCs. At both
types of health facilities, human resource contributes the most to cost of delivering ser-
vices under the program.

© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

1. Background

renamed as National TB Elimination Program (NTEP). NTEP
structure at state level is headed by state TB officer (STO) that
heads state TB cell (STC). Services are provided at sub-district

India has an estimated population of about 1.2 billion living
across its 29 states and 8 Union Territories.” India provides
organized health services for Tuberculosis (TB) through
Revised National TB Control Program (RNTCP) which has now

* Corresponding author.

level like TB Unit (TU)- a program management unit-covering
about 200,000 population in rural and urban population and
about 100,000 in tribal area/hilly terrains. Each TU has desig-
nated microscopy centre (DMC) covering about 100,000 and
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50,000 population in urban/rural and tribal/hilly area respec-
tively. DMC provides diagnostic services whereas TU provided
management services for TB treatment, supervision, and
monitoring. The TU and DMC are integrated in health care
delivery system of India like at community health centre
(CHC) for about 120,000 people in urban/rural and 80,000 in
tribal/hilly area. CHC manages primary health centres (PHCs)
which further covers about 30,000 and 20,000 people in urban/
rural and tribal/hilly area respectively.* At CHC and PHC level
patient-centred services like routine laboratory tests, micro-
scopic sputum examination, chest roentgenogram, cartridge
based nucleic acid amplification test (CBNAAT), and dispen-
sation of medicines are provided. In addition, under the NTEP,
activities like advocacy, communication and social mobiliza-
tion (ACSM) are given to the population. Referrals are gener-
ally required for change in treatment regimen due to
treatment failure to TB and adverse effects due to medicines.’

Treatment initiation after diagnosis and success are major
indicators to monitor progress of NTEP. Across public health
facilities in country, treatment initiation was done in 94.0% of
notified people with TB with 83.0% success rate. NTEP is one of
the largest public funded health care programs of India that
has provided diagnostic and treatment services free of cost to
about 25 million patients since its inception.” Free services to
people with TB are financed by government of India and in-
ternational donors, so sustained finances are required to
manage standard of services for TB in India. Central TB Divi-
sion (CTD) carry out financial management (disbursement to
state treasuries) and State TB cells (STC) in states receive and
manage funds at state and district levels. There has been gap
in financing of NTEP and from 2014 to 2020 about US$1.8
billion were requested and US$1.5 billon (836.3%) budget was
approved. Of approved budget about 86.6% (US$1.3 billion)
expenditure was incurred by the states to provide NTEP ser-
vices.”* Evidences do mention about financial facets of NTEP
but data on costing of TB services are limited. However,
studies assessed costing for diagnostic services and from
perspective of patient.” °

Financing of NTEP gives an underestimate for quantifica-
tion of services as additional resources like time of human
resources, capital investments, other laboratory equipment
for assessment of presumptive patient of TB etc. are also used.
It becomes important to estimate the cost of providing NTEP
services which will serve as foundation of economic evalua-
tions.'® Costing of resources helps to measure financial im-
plications and effective utilization of resources of NTEP.
Information about cost levied for delivery of type of service is
useful for planners and policy makers to improve allocative
efficiency. Evidence of cost per unit exist where it was
observed that cost to diagnose and treat per patient with drug
susceptible TB was US$51.2 and US$180.7 respectively in Viet
Nam and US$135 for 6 month therapy in Kenya.'»'? System-
atic review observed average cost of treatment for drug sen-
sitive TB from S$14,6559 in high income countries to US$258 in
lower income countries (LIC)."> There is limited evidence
mentioning cost spent per service delivery at the level CHCs
and PHCs. We have adopted an organizational perspective to
estimate annual cost for all type of services delivered at CHCs
and PHCs in public sector under NTEP. The study was planned

with an objective to assess the cost of services under NTEP at
CHCs and PHCs of northern state of India.

2. Material and Methods

The study was a cross-sectional study and was undertaken in
two districts of state of Himachal Pradesh, a northern state of
India with about 6.8 million population. Considering primary
health care facilities of Himachal Pradesh as study universe,
first, two districts were selected randomly, followed by se-
lection of Community Health Centres (CHCs) and Primary
Health Centres (PHCs). No sample size estimation was done
for selection of number of health facilities. The selected dis-
tricts are western districts of the state and have about 2
million (29.6%) population. In financial year 2019—20, with
base year 2011-12, state has gross domestics product per
capita of US$3097 at current price US$2401 at constant price.
and In State, rural area has high average monthly per capita
consumer expenditure of US$26 (Food: US$11; Non-food:
US$15) as compare to US%17.9 (Food: US$8.7; Non-food:
US$9.2) of country. Study was carried out in randomly
selected CHCs and PHCs of two selected districts. State has
total 4132 health facilities in public sector across state; Hos-
pitals: 127; CHCs: 94; PHCs: 586; Sub-Centres (SCs): 2096; and
Dispensaries: 1229 with about an average of 60 health facilities
per 100,000 population and about 74 facilities per 100 square
kilometres (Km?). In state on an average of 1.37 CHCs and 8.54
PHCs are available per 100,000 population which are acces-
sible as about average number of 1.69 CHCs and 10.53 PHCs
per 1000 Km?. In selected districts, total 26 CHCs and 87 PHCs
are in first and 111 PHCs provides health care services.'* State
has case notification rate of person with TB as 235/100,000
population with 89.0% treatment success rate and 67.0% cure
rate. State was given award for its best performance for NTEP.?
Districts were selected based on significant share of popula-
tion and requirement of costing of NTEP by the state health
services. Simple random sampling was adopted for selection
of health facilities for each district. Firstly, four CHCs were
selected and then from each selected CHC one PHC was again
selected.

At CHC, medical officer assesses and examines a person
with presumptive TB. Then person was sent to laboratory for
microscopic sputum examination for Acid Fast Bacilli (AFB)
and chest roentgenogram. The said tests were performed by
LT and radiographer at health facility. If person shows signs of
TB then medical officer inform the TU for registration and
initiate the treatment for TB. If required, person was also
assessed with basic investigations like hemogram and bio-
chemistry. Person with signs of TB was registered for treat-
ment and anti-tubercular drugs (ATT) were dispensed by the
pharmacist. Person on ATT was followed-up at the health
facility for treatment response with microscopic sputum ex-
amination and adverse effects of drugs. In case of non-
response to treatment person with TB was referred to next
health facility for further management. Under the program-
matic settings, home-based visits were also done in case if
person failed to report at facility on scheduled date for treat-
ment. Senior treatment supervisor (STS) also visits home of
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person with TB to monitor the progress of treatment and any
other problem. Supervision and monitoring of laboratory
services at CHC was done by the senior TB laboratory super-
visor (STLS) regularly to ensure quality of activities. At PHC,
there were no laboratory and radiography services as person
were referred to CHC for assessment. Whereas, medical offi-
cer carried out assessment and examination at PHC and per-
son with TB receives ATT at PHC.

In current study, bottom-up costing methods were used to
assess economic costs of NTEP at CHCs and PHCs. Data was
collected from health facilities from April 2019 to January 2020
by field investigators who were trained to collect data on
costing. Data on capital and recurrent resources were
collected for providing delivery of services at health facilities
during last year ie., from April 2018 to March 2019. Capital
resources were comprised of items which lasted for a period of
more than one year. It included building, equipment, and
other non-consumables. For study purpose, costing of equip-
ment and furniture are presented separately, whereas cost of
land and building were considered as capital resource.
Trainings which did not repeat and less likely to be repeated
within one year were also kept as capital resource. Recurrent
cost included staff salaries, drugs, consumables, and over-
heads such as water, electricity bills etc.

With NETP perspective, data were collected retrospectively
from health facilities through review of registers, reports, in-
dividual interview of health staff, and direct observation of
facility. Record review like outpatient registers, laboratory
register, pharmacist register, and their respective monthly
reports was done to quantify the diagnostic and treatment
services provided to persons seeking care at health facilities.
Stock registers were reviewed for enlisting and quantifying
medicines and consumables used to provide services. Utili-
zation of equipment and non-consumable items was also
assessed form stock registers.

In addition, facility survey was carried out to assess capital
and physical infrastructure like land, building, space, furni-
ture, and equipment for their presence and utilization. Phys-
ical infrastructure was assessed by direct observation and
measurement for space along with listing for type of delivered
services. Interviewer administered semi-structured ques-
tionnaire was used for facility staff to collect information on
monthly income, trainings received for NTEP, allowances/
honorariums received in a month, and time allocation for
different type of services in last week. Information to quantify
frequency of activities like daily, weekly, monthly, quarterly,
semi-annual, and annual were also gathered using question-
naire. Activity like review meetings and trainings were less
frequent and allocated for entire day. Time allocation was also
done for staff members on administrative work related to the
NTEP. Administrative approval was sought from health au-
thorities and informed consent was also taken form partici-
pants. All cost were in Indian National Rupees (INR) and later
transformed in to United State Dollars (US$) of year 2019 (INR
1 = US$0.014).

Cost of utilized resources like equipment and furniture
were annualized with annuity factor based on price and life of
item. Equal discounting approach was considered and a dis-
count rate of 5.0% was considered and applied.'® Capital costs
for resources like building and space were calculated based on

the measurement of floor area (feet®). Prevalent market rental
prices were then obtained from key informants of local area of
located health facilities. Standard literature on the life of
furniture and equipment were reviewed.'®"” In addition, local
staff was also asked about their perceptions for the life of
capital resources and cost of equipment were also obtained
from local distributors. State government rate contract was
use to estimate cost of recurrent resources like drugs, con-
sumables etc. and then costs were applied to amount of re-
sources consumed.

Complete cost was allocated to resource if it was used
exclusively to deliver particular service. If resources like room
space, furniture, and equipment were used to provide more
than one service then cost was apportioned according to time
utilized to provide particular service. The apportionment
criteria are inclusive of the effect of number of beneficiaries
for services and time utilized to offer that particular service to
per beneficiary. The overall NTEP cost at CHCs and PHCs were
presented as human resource, consumables, medicines, sta-
tionary, equipment, furniture, capital, and miscellaneous.
Then the costing of various types of offered services were also
presented like outpatient, diagnostic, treatment, monitoring,
meetings and trainings, recoding, IEC (information, education,
and communication), and auxiliary.

In addition to the costing for head and services, costs per
capita unit per year were also calculated like cost per outpa-
tient consultation, per person screened for TB, and per
treated. Cost to provide NTEP services was also calculated for
per population. It was calculated by calculating the total
annual cost to provide service and then division by number of
beneficiaries in a year. Sample was bootstrapped 1000 times
and mean estimates were calculated for unit costs along with
95% confidence interval using Microsoft excel 2003—7. In
addition, effect of type of cost on cost per treated patients was
calculated using probabilistic one-way sensitivity analysis
(OSA). First Monte-Carlo simulation of observed costs was
done and mean estimate of simulated values was calculated.
Thereafter, OSA was performed wherein effect of changing
mean cost more and less than 20.0% was observed on cost per
treatment.

3. Results

A total of 18 health centres (CHC: 8; PHC: 8) were sampled from
two districts of the state. Total population covered by CHCs
and PHCs were 363,785 and 151,448 respectively. Total persons
with presumptive TB were high in PHCs (10,309) as compare to
CHGCs (7,703). Likewise, number of persons with TB receiving
treatment from health facility were high in PHCs (342) than in
CHC (232). Doctor to population ratio was similar across both
types of facilities (CHC: 13,991.7; PHC: 13,768.0), whereas nurse
to population ratio was observed to be low in CHC (24,252.3)
compared to PHC (75,724.0). Overall health professional to
population ratio high for PHC (6,884.0) than for CHC (5,196.9)
(Table: 1).

Mean annual cost of providing NTEP services at CHCs and
PHCs were US$5243.1 (95%CI: 3008.0—7225.4) and US$1031.9
(95%CI: 669.1—1447.1) respectively (Table: 2). Across both
centres human resource contributes to the most (CHC: 72.9%;
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PHC: 85.9%). Cost of consumables and medicines was high at
CHCs (16.3%) as compared to PHC (6.4%). Description of nature
of services showed that at CHCs outpatient services, diag-
nostic, and treatment services cost about US$1753.5 (95%ClL:
1010.1-2543.9), US$1279.2  (95%CIl:20.9-6-2682.0), and
US$1216.2 (95%CI: 512.0—2178.6) respectively. Outpatient ser-
vices cost about US$513.5 (95%CIL: 381.2—727.4) at PHC (Table:
3). At CHC outpatient, diagnostic, and treatment cost the
most (81.0%) and at PHC activities like outpatient, monitoring,
and meetings and trainings had major share in cost (90.0%).

Cost per service deliver was calculated where cost per
population, per outpatient consultations, per person diag-
nosed for TB, and per person treated for TB covered under
NTEP were US$0.4 (95%CI: 0.3—0.6), US$0.3 (95%CIL:0.2—0.5),
US$6.1 (95%CI: 3.6—8.9), and US$182.5 (95%CI: 118.0—257.9)
respectively at CHCs. For respective services, cost at PHCs
were about US$0.2 (95%CI: 0.2—0.4), US$0.2 (95%CI: 0.1-0.3),
US$4.0 (95%CIL: 3.1-4.8), and US$101.4 (95%CIL: 19.1—48.6)
(Table: 4). OSA was carried out for all health facilities and
observed that human resource cost influences most cost per
treated case by providing services under NTEP. Although
relatively very less but cost of drugs also influences cost per
treatment (Figure: 1).

4, Discussion

Costing of various health services delivered at health facilities
of public health sector had been done in India. Extensive
analysis of all these services at CHCs and PHCs is
available.® ?° Evidence is available for costing of diagnostic
services for TB infection, however, information does not exist
for cost of providing programmatic services for TB control at
public health facilities.”® Resources are being made available
at public health facilities of primary care under NTEP to
improve case detection and cure rate. Current study was
planned to estimate the annual cost of delivering services
under NTEP at sixteen health centres (CHCs and PHCs) of
northern state of India.

With best of our knowledge, current study is a maiden
effort where costing for diagnostic, therapeutic, and infor-
mation services was done. Bottom-up standard costing

Table 1 — Health facility details assessed for costing of

National Tuberculosis Elimination Program (NTEP), 2020,
Himachal Pradesh India.

Characteristics CHC (8) PHC (8)
Doctors 26 11
Nurses 15 2
Laboratory Technicians 7 1
Pharmacists 14 8
Radiographers 4 0
Senior Treatment Supervisor 2 0
Educator 2 0
Population covered 363,785 151,448
Presumptive TB Patients 7703 10,309
TB patients on treatment 232 342
Doctor to population ratio 13,991.7 13,768.0
Nurse to population ratio 24,252.3 75,724.0
Health professionals to population ratio 5196.9 6884.0

methodology was adopted and data was observed for com-
plete one year to remove bias due to seasonal variation. TBis a
chronic insidious disease, so seasonal variation exists due to
indifferent pattern in symptomology, occupational con-
straints, and health care seeking behaviour and utilization.
Current study estimated annual cost of US$0.4 and US$0.2 per
capita at CHC and PHC respectively. Mean annual cost was
about US$0.3 at CHC and US$0.2 at PHC per outpatient con-
sultations. At CHC, annual cost for per diagnosed and treated
was observed to be US$6.1 and US$182.5 respectively, however
same at PHC respective mean annual cost was US%4.0 and
US$101.4. Human resource-salaries-constituted large part in
delivering NTEP services at health facilities. More than four-
fifth of annual cost at CHCs was utilized for outpatient, diag-
nostic, and treatment services. Whereas, in addition to
outpatient services activities like monitoring and meetings
shared about three-fourth of annual cost.

Cost of service provision varies according to country set-
tings due to differential financing of health care services. In
Viet Nam, cost to diagnose and treat per patient with drug
susceptible TB was US$51.2 and US$180.7 respectively.’’ In
Kenya, at national level, per patient cost first line treatment of
6 month was US$135 for drug sensitive TB.'? In a systematic
review of 71 research articles, average treatment cost of drug
sensitive TB was US$14,6559 in high income countries (HIC),
US$840 in upper-middle income countries (UMIC), US$273 in
lower middle-income countries (LMIC), and US$258 in lower
income countries (LIC). In LMIC countries, total 10 studied
were available and per patient cost was highest for hospital-
ization (US$215) followed by for outpatient visits (US$75), di-
agnostics and monitoring (US$48), drugs (US$39), and other
(US$25).2

Although, costing of NTEP services have not been done but
evidence observed share of salaries dominated the annual
cost. Study estimated that share of human resource to total
cost was about 65.0% for chest roentgenogram, 87.0% for
Ziehl-Neelsen microscopy, and 95.0% digital roentgenogram.”
Evidence observed that salaries of staff constitute about
50.0—-60.0% to deliver primary health care services in public
sector.’® 20

Cost share of resources depends upon range of reasons like
population covered, nature of disease, deployment of labora-
tory support, and medicines. In current study, radiological
facility, laboratory support, and additional staff like treatment
supervisor and educator were available at CHC. Relatively
additional manpower at CHC, increased the annual cost for
diagnostic and treatment cost to US$1279.2 and US$1216.2
respectively. However, despite being a higher facility, persons
with TB receiving treatment at CHC was less as compare (232)
to PHC (342). It is due to the mechanism under NTEP where
person with features of presumptive TB can be referred for
diagnostic care to CHC but receives treatment form health
facility in his/her residential facility like PHC. More patients
receiving medicines from PHCs require more supervision and
monitoring, which is explained by its share in annual cost of
services. Another important reason which influences cost
estimates is population covered by health facility. In current
study CHCs covered a way less population (average: 45.473.1)
than the norm of 80,000 population per CHC. It is due to
upgradation of PHCs to CHCs with provision of additional
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Table 2 — Cost centres of Community Health Centre (CHC) and Primary Health Centre (PHC) delivering services under

National Tuberculosis Elimination Program (NTEP), 2020, Himachal Pradesh India.

Centres CHC (8) PHC (8)

Mean LCI UCI Mean LCI UCI
Human Resource 3822.2 2112.0 5386.6 886.8 542.5 1236.8
Consumables 176.5 53.1 310.5 7.9 2.1 14.3
Medicines 676.6 368.1 1044.7 58.5 19.2 104.4
Stationary 11.4 7.8 15.1 2.6 1.7 3.9
Equipment 84.5 23.6 169.3 2.3 1.2 4.3
Furniture 126.0 41.7 236.3 25.9 18.2 36.3
Capital 18.3 6.9 32.7 7.2 5.4 9.1
Miscellaneous 32.6 10.4 64.7 7.8 6.9 8.7
Total 5243.1 3008.0 7255.4 1031.9 669.1 1447.1

Table 3 — Costing at Community Health Centre (CHC) and Primary Health Centre (PHC) for services and activities under

National Tuberculosis Elimination Program (NTEP), 2020, Himachal Pradesh India.

Services/Activities CHC (8) PHC (8)

Mean LCI UCI Mean LCI UcI
Outpatient 1753.5 1010.1 2543.9 513.5 381.2 727.4
Diagnostic 1279.2 209.6 2682.0 84.6 4.8 239.5
Treatment 1216.2 512.0 2178.6 86.1 26.3 178.3
Monitoring 301.3 47.8 759.6 139.0 34.4 306.9
Meetings and Trainings 294.3 119.2 516.7 105.7 52.8 161.2
Recording 711 15.2 161.7 63.6 11.8 172.9
IEC 36.5 20.3 49.8 16.8 5.4 28.5
Augxiliary 258.4 42.8 544.3 16.0 3.9 311

Table 4 — Cost effectiveness at Community Health Centre (CHC) and Primary Health Centre (PHC) for services and activities

under National Tuberculosis Elimination Program (NTEP), 2020, Himachal Pradesh India.

Services/Activities CHC (8) PHC (8)

Mean LCI UCI Mean LCI UCI
Cost per capita 0.4 0.3 0.6 0.2 0.2 0.4
Cost per out patient consultations 0.3 0.2 0.5 0.2 0.1 0.3
Cost per diagnosed 6.1 3.6 8.9 4.0 3.1 4.8
Cost per treated 182.5 118.0 257.9 101.4 19.1 48.6

capital, human, and diagnostic resources. Whereas, on an
average 18,931 population is covered by each PHCs which is
within norm of 20,000 population per PHC for hilly area.

Globally, since 2006, requirement of resources for TB con-
trol have doubled that are largely attributed to diagnostic and
treatment services. Domestic funding was advocated to be
increased to meet the about 68.0% money gap for TB control.
India has invested in its TB control efforts with increase in its
domestic funding up to 92.0% from year 2016—2019 and about
US$2.3 billion in year 2017—20, was estimated for diagnostic,
treatment administrative, patient support services.”*** Eco-
nomic costing assists comprehensibility of various strategic
heads of program and allocative efficiency. Current results of
costing information for various cost centres will be useful for
reframing policy and programmatic strategies. It will be found
useful to set up and upgradation of peripheral health facilities
for delivering TB control services under NTEP. It will also be
potentially useful to monitor money flow to health sector
activities with national and state health accounts.

Study findings should be read with certain limitations of
the study. First, about 6 PHCs were upgraded to CHCs by the

government with positing of additional resources at reduced
population norms. Large investment was done for the upgra-
ded CHCs in terms of capital, human resources, equipment,
and furniture. It effects the unit cost per service delivered but
current study still captures the average cost of delivering NTEP
services at CHC level. Secondly, time motion study was not
carried out to monitor the time consumed to deliver various
forms of multiple activities by health professionals. While
such study gives a robust estimate for time allocation pat-
terns.”® However, different types of services at CHCs and PHCs
under NTEP limited application of time-motion study, and
methods used in current study considered to be useful for
estimation.?>**?* Thirdly, current study was carried out from
health system perspective and does not account for out-of-
pocket expenditure incurred by patients. Fourthly, every
state invests in health facilities depending upon available re-
sources, so findings of current study cannot be generalized to
other states. A larger sample, stratified according to geogra-
phy and population norm, across states will be nationally
representative. It adjusts the cost estimates for difference in
number of beneficiaries availing health services at different
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Fig. 1 — Tornado plot for influence of various type of costs on cost per treatment at both types of health facilities for
provision of services and activities under National Tuberculosis Elimination Program (NTEP), 2020, Himachal Pradesh India.

types of health facilities. Current study, apart from facility
level cost estimates, bootstrapping was done to calculate
population level average of unit cost and its dispersion. It was
applied to draw mean cost along with confidence interval as
original sample was considered to be sub-optimal to draw
estimates.

It is to conclude that human resource share most of the
cost and influence outcome in terms of cost per treated.
Moreover, costing studies have been done at CHCs and PHCs
to estimate cost of delivering services, but evidence in grey
literature about cost to deliver NTEP services at primary care
health facilities is not available to our best knowledge. This
study gives an estimate for cost of delivery of programmatic
services at CHCs and PHCs as peripheral health institutions
(PHIs). The findings can be utilized to plan and set up PHIs in
hilly area under NTEP. Since under the program the services
are given free of cost to the people, so the findings can be
helpful to government to assess incremental cost to deliver
additional services. Consistent studies under the program at
sentinel health facilities will guide NTEP to capture pattern of
public health expenditure.
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ABSTRACT

Aim: To analyze the genetic polymorphisms of vitamin D receptor Fokl, Taqgl, Apal and
Bsml gene polymorphisms in children with severe and recurrent tuberculosis (TB).
Methods: A prospective, observational study was conducted in 35 children with severe and
recurrent TB referred to our Pediatric TB clinic at a tertiary referral center for children. The
blood samples were analysed for genetic polymorphisms of Vitamin D receptor with
respect to Fokl, Taqgl, Apal and Bsml genotypes and their individual alleles and association
of various clinical and laboratory parameters were analysed.
Result: Ten (28.6%) children had recurrent TB and 26 (74.3%) had severe TB. The severity of
TB was not associated with Ff and ff polymorphism of FokI (Odd's ratio 7.88) as compared to
no Fokl polymorphism. Absence of FokI polymorphism was associated with recurrent
lymph node TB (Odds ratio 3.429). Presence of Tt polymorphism of Taql (p = 0.04) and Fok1
Polymorphism [Odds ratio 7.88] were not associated with recurrent TB.
Conclusion: Recurrent TB was absent in presence of Tt polymorphism of Taql. Severe TB was
not associated polymorphism of Vitamin D receptor polymorphisms.

© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

1. Introduction

development in latent infection or leading to severe active
disease are still largely unknown. Studies such as case—control
studies, twin, candidate gene approaches, family-based and

Approximately 90% of tuberculosis (TB) infected individuals
will remain asymptomatic with latent infection and only 10%
will develop active disease suggesting that host genetic factors
play an important role to regulate the progression of TB infec-
tion.! In fact, the mechanisms involved in restriction of disease

* Corresponding author.
E-mail address: irashah@pediatriconcall.com (I. Shah).
https://doi.org/10.1016/.ijth.2022.05.011

genome-wide association studies (GWAS) revealed the associ-
ation of genetic factors with susceptibility or resistance to TB.*
Differential rates of TB infection and clinical outcomes among
races, ethnicities, and families suggest a plausible genetic
contribution toward tuberculosis susceptibility.”
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In TB infection, vitamin D activates macrophage to restrict
Mycobacterium tuberculosis (MTB) intracellular growth. This
effect is achieved through binding to vitamin D receptor (VDR)
in macrophages, and this activates cathelicidin synthesis,?
and consequently eliminate MTB in phagolysosomes.* These
processes might be affected by polymorphisms in the VDR
gene. The VDR gene which is located on chromosome
12q13.11, includes various single nucleotide polymorphisms
(SNPs), including Apal (A/a), BsmlI (B/b), FokI (F/f), and Tagql (T/
t). These polymorphisms might affect the activity of VDR and
subsequently downstream effects of vitamin D. Though there
are several studies evaluating the VDR gene polymorphisms
and their effects on susceptibility to or resistance against TB
in different ethnicities or populations, the exact effect is still
unknown and inconsistent.”

The different results of TB infection might be due to diverse
ethnic background. Meta-analysis by Gao® (2010) found that in
Asians, subjects with ff genotype were more susceptible to TB
and subjects with bb genotype had decreased risk for TB.
Several studies showed an association between vitamin D
deficiency and certain diseases such as systemic lupus ery-
thematosus,” diabetes mellitus,® TB,’ etc.

Evidence suggests that the effects of vitamin D may vary
based on vitamin D receptor (VDR) genotypes, implying that
supplementation may only be of clinical benefit in sub-
populations with a particular VDR genotype.'° Our study aims
to determine the association of VDR polymorphism with
recurrent and severe TB in the Indian population.

2. Materials and methods
2.1. Patient population

This observational, non-interventional, prospective study was
conducted over a period of 12 months from Dec 2018—Dec 2019
in 35 children in the age group of 0—18 years with recurrent and
severe TB who were referred to the Pediatric TB clinic at a ter-
tiary children's hospital. The study was conducted after
approval of the institutional ethics committee. The sample size
has been calculated based on the previous year's data or
recurrent and severe TB available in the hospital. Children
were diagnosed as TB based on bacteriological confirmation on
GeneXpert or TB MGIT culture or were clinically diagnosed
based on World Health Organization (WHO) criteria for diag-
nosis of TB." Patients were determined to be drug-resistant
(DR) TB based on WHO criteria."’ Patients with HIV, on
chemotherapy agents and non-tuberculous mycobacterial in-
fections other than BCGosis were excluded from the study.
Severe TB was defined as disseminated TB, neuro TB, fibro-
cavitatory TB, bone TB, miliary TB or mediastinal lymph node
TB with lung parenchymal involvement causing respiratory
distress. Recurrent tuberculosis was defined as when a patient
developed more than one infection of TB. A detailed history
and physical examination of the patient were conducted.
After obtaining parent/guardian consent, blood sample was
collected in plain and EDTA (2 ml and 3 ml each) vacutainers
for estimation of serum 25(0OH) vitamin D levels and Vitamin D
receptor (VDR) gene polymorphism respectively.'? Duration of
current TB treatment was determined and paradoxical

reaction was defined as unusual expansion or formation of a
new tuberculous lesion despite appropriate anti-tubercular
treatment.”

2.2. Estimation of serum vitamin D levels

Serum 25(OH) vitamin D levels were detected using sandwich
ELISA (Calbiotech) as per manufacturer instructions. Patients
were considered Vitamin D sufficient if levels were >30 ng/ml,
Vitamin D insufficient if levels were between 20 and 30 ng/ml
and Vitamin D deficient if levels were <20 ng/ml. Patients with
Vitamin D levels >100 ng/ml were considered to have toxicity.

2.3. Vitamin D receptor gene polymorphism analysis

Genomic DNA extraction from whole blood was done using
QIAamp DNA Mini Kit (QIAGEN, Germany) as per manufac-
turer instructions. Purified DNA was eluted from the QIAamp
Mini column in a concentrated form using tris edta (TE) buffer
or water'* PCR reaction was set up in volume of 25 pl con-
taining genomic DNA (100 ng), 2 pM of each primer, 200 uM of
each dNTPs, 2.5 pl of 10x PCR Buffer and 1.25 units of Taq DNA
polymerase (Bioron GmbH) separately in each tube for FokI,
Tagl, Apal and Bsml polymorphic sites of VDR in a gradient
thermal Master cycler (Eppendorf, USA) using primers given
by Harris et al and Morrison et al. The PCR cycling conditions
for Fokl, Taql, Apal and Bsml were as follows: Initial dena-
turation at 94 °C for 5 min followed by 30 cycles of denatur-
ation at 94 °C for 45 s, annealing as tabulated in Table 1 for
45 s, extension at 72 °C for 45 s, which was followed by final
extension at 72 °C for 7 min. Post amplification PCR products
were subjected to restriction digestion by FokI (FastDigest
Thermo Fisher Scientific) at 37 °C for 1 h, Taql (Thermo Fisher
Scientific) at 65 °C overnight, Apal (Thermo Fisher Scientific) at
37 °C overnight, and BsmI (CutSmart New England BioLabs) at
65 °C for 1 h respectively in separate tubes. After digestion the
cut products were separated on 2.5% (w/v) agarose gel
(Thermo Fisher Scientific).

2.3.1. Statistical analysis

Polymorphisms of Fokl, Bsml, Apal and Taql genes were
analysed with respect to the individual alleles. Association of
various clinical parameters and laboratory parameters were
analysed with the different polymorphisms by Fischer Exact
test and Anova-1 test respectively. P value <0.05 was consid-
ered as significant.

3. Results

The mean age of patients was 6.56 + 4.1 years. Male: Female
ratio was 2:3. The mean duration of treatment was 1.23 + 0.3
months with a range of 0.8—2 months at the time of doing the
study. Demographic details of patients are depicted in Table 2.
Five (14.3%) patients had paradoxical reaction in the form of
LN TBin 2 (5.8%), pulmonary TB in 1 (2.9%), recurrent ascites in
1 (2.9%) and retropharyngeal abscess in 1 (2.9%) while on TB
treatment.

The four different polymorphisms were analysed with
respect to the individual alleles (homozygous dominant,
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Table 2 — Demographic details of patients.

aQ,
% S Variable N (%)
S| ¢ Oo N ST Tg 0-3 years 8 (22.8%)
Sles S T soSge 3—6 years 12 (34.2%)
E § § @%5 S EEEQ § Q 6—12 years 13 (37.3%)
] ::S‘,[_:&\Lg @ @ m D o >12 years 2 (5.7%)
%u.m“u:k[—‘ﬁ < <mmo Type of TB
e lymph node (LN) TB 13 (37.1%)
neuro TB 9 (25.7%)
fibro-cavitatory TB 5 (14.3%)
disseminated TB 4 (11.4%)
. bone TB 2 (5.7%)
¥ miliary TB 2 (5.7%)
v Recurrent TB 10 (28.6%)
2 Severe TB 26 (74.3%)
5 BCG vaccination 31 (88.6%)
=T BCG scar present 27 (77.1%)
% 8 b R S TB contact 9 (25.7%)
E;o Type of drug resistance
8 MDR-TB 5 (14.3%)
E Contact with MDR-TB 1 (2.9%)
= pre-XDR TB 5 (14.3%)
< XDR TB 1 (2.9%)
Type of previous TB
pulmonary TB 1(2.9%)
LN TB 9 (25.7%)
Positive test
o GeneXpert 25 (71.4%)
- 2:9 Mantoux 23 (66.7%)
R 3 MGIT 16 (45.7%)
2 5 & & é = Treatment status
95 E % E g8 Completed 10 (28.6%)
g § (E i & 2 = 9 % On Treatment 25 (71.5%)
8 g 5 8 % 8 (&:j g 5 Vitamin D levels
2 o e S g é g 5 5 Deficient 7 (20%)
Q S g g 9 9 9 é g Insufficient 7 (20%)
5|9 E 3 o S o 2 2:7 Normal 10 (28.6%)
Elol << << B Unchecked 11 (31.4%)
El6g 28 28 U8
§ p 5 § % § % 3 homozygous recessive and heterozygous). Testing of Fokl
o5 9 % 2 % S5 gene showed that 10 (28.6%) patients had Ff variant, 9 (25.7%)
§ E—z % > % g E::) % had ff variant while 1 (2.9%) had FF genovariant.
I U Testing of Taql gene showed that 14 patients (40%) had TT
n N n wn mn wn n N
T L genotype, 9 patients (25.7%) had Tt genotype and one patient

(2.9%) had tt genotype. Recurrent TB was less common in the
Tt Taql polymorphism (p = 0.036).
Testing of Apal gene showed that 11 patients (31.4%) had aa
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I 2 polymorphism, 6 patients (17.1%) had AA genotype and four

g A patients (11.4%) had Aa genotype. The recurrence and severity

: § _ g of TB was not associated with Apal polymorphism.

s S| = £} % = Testing of Bsml gene showed that 11 patients (31.4%) had

Fg 3 540\ = G g bb genotype, 9 patients (25.7%) had Bb genotype and seven

Z; _g, E 5 % E patients (20%) had BB genotype. Children with BB poly-

= B o o N morphism were less likely to get drug resistant TB (0.048).
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Clinical FF Fokl (%) ff Fisher's TT Taq (%) tt Fisher's AA Apal (%) aa Fisher's BB Bsml (%) bb Fisher's
variable (n=1) Ffn=10) (n=9) Test (n=14) Tt (n=1) Test (n=6) Aa (n=11) Testp (m=7) Bbn=9) (n=11) Testp
p value n=09) p value n=4) value value
Sex 0.52 0.622 0.350 0.927
Male 1(100) 4 (40) 4 (44.4 7 (50) 4(444) 0(0) 4 (66.7 (25) 4 (36.4 3(42.9) 4 (444)  4(36.4)
Female 0(0) 6 (60) 5 (55.6) 7 (5 5(55.6) 1 (100) 2(33.3 3 (75) 7 (63.6 4(57.1) 5 (55.6) 7 (63.6)
Diagnosis 0.35 = 0.773 0.442
Miliary TB 0(0) 1 (10) 1(11.1) 0(0) 0(0) 0(0) 1(16.7) 0(0) 0(0) 0 (0) 2(222) 1091
Bone TB 1(100) 1 (10) 0(0) 2 (14.3) 1(11.1)  0(0) 1(16.7) ) 1(9.1) 0(0) 1 (11.1) 1(9.1
Disseminated 0 (0) 2 (20) 1(11.1) 1(7.1) 3(333) 0(0) 1(16.7) 1(25) 1(9.2) 1(14.3) 1(11.1) 3(27.3)
TB
Fibrocavitatory 0 (0) 2 (20) 1(11.1) 2 (14.3) 2(222) 0(0) 2(33.4) 1(25)  2(18.2) 0(0) 1(11.1)  0(0)
TB
LN TB 0 (0) 2 (20) 3(33.3 3(21.4 2 (22. 1 (100) 1(16.7) (25) 3(27.3 5(71.4) 1 (11.1) (36.4)
Neuro TB 0 (0) 2 (20) 3(33.3 6 (42.9) 1(11.1)  0(0) 0 (0) 1 (25) 4 (36.4) 1(14.3) 3 (33.3) 2 (18.2)
Recurrent 0.78 0.036 0.305 0.090
Yes 0 (0) 3 (30) 2 (22.2) 4 (28.6) 0(0) 1 (100) 1(16.7 0(0) 4(36.4 3(42.9) 0(0) 4(36.4
No 1(100) 7 (70) 7 (77.8) 10 (71.4)  9(100)  0(0) 5(83.3 4(100) 7 (63.6) 4(57.1) 9 (100) 7 (63.6)
Severe 0.94 0.072 0.942 0.290
Yes 1 (100) (90) 8 (88.9 12 (85.7) (88.9) 0(0) (83.3 3 (75) 9(81.8 4(57.1) 8(88.9 9 (81.8)
No 0(0) 1 (10) 1(11.1 2 (14.3) 1(11.1) 1 (100) 1 (16.7) (25) 2 (18.2) 3(42.9) 1(11.1 2 (18.2)
Vitamin D 0.43 0.116 0.623 0.487
Not Done 0(0) 3 (30) 1 (11.1) 2 (14.3 3(33.3) 0(0) 1 (16.7) 1 (25) 2 (18.2) 3(42.9) 3(33.3) 2 (18.2)
Deficient 1(100) 3 (30) 1(11.1) 5(35.7 0(0) 0(0) 1(16.7) 0(0) 4 (36.4) 0 (0) 1(11.1)  4(36.4)
Insufficient 0(0) 2 (20) 3(33.3) 1(7.1) 3(33.3) 1(100) 2(33.3) 2(50)  1(9.1) 2(286) 2(222)  1(9.1)
Normal 0(0) 2 (20) 4 (44.4) 6 (42.9) 3(333) 0(0) 2 (33.3) 1 (25) 4 (36.4) 2(28.6) 3(333)  4(36.4)
Gene Expert 0.61 0.312 0.711 0.686
Negative 0(0) 3 (30) 4 (44.4 4 (28.6) 5(55.6) 0(0) 2 (33. 2 (50) 3(27.3) (28.6) 4 (44.4) 3(27.3)
Positive 1(100) 7 (70) 5 (55.6) 10 (71.4)  4(44.4) 1 (100) 4 (66.7 2 (50) 8 (72.7) 5(71.4) 5 (55.6) 8 (72.7)
Resistance = 0.390 = 0.048
No 1(100) 7 (70) 8 (88.9) 10 (71.4)  7(77.8) 1 (100) 6 (100) 3 (75) 7 (63.6) 7 (100) 6 (66.7) 7 (63.6)
MDR 0(0) 2 (20) 1 (11.1) 4 (28.6) 0(0) 0(0) 0(0) 0(0) 4 (36.4) 0(0) 0(0) 4 (36.4)
Pre XDR 0(0) 1 (10) 0(0) 0(0) 1(111)  0(0) 0(0) 125  0(0) 0 (0) 1(111)  0(0)
XDR 0(0) 0(0) 0(0) 0(0) 1(111) 0(0) 0(0) 0(0) 0(0) 0(0) 2(222)  0(0)
Outcome 0.43 0.821 0.277 0.536
On Treatment 0 (0) 6 (60) 5 (55.6 8 (57.1) 5(55.6) 1 (100) 2(33.3 3 (75) 7 (63.6 4(57.1) 6 (66. 7 (63.6
Treatment 1(100) 3 (30) 4 (44.4) 1(7.1) 5 0(0) 0(0) 0(0) 4 (66.7 1(25)  3(27.3 3429 3(33. 3(27.3)
Completed (35.7) 4(44.4)
Paradoxical 0.59 0.690 0.7621 0.536
Reaction
No 1(100) 9 (90) 9 (100) 13(92.9)  9(100) 1 (100) 6 (100) 4(100) 10 (90.9) 6(85.7) 9 (100) 10 (90.9)
Yes 0 (0) 1 (10) 0(0) 1(7.1) 0(0) 0(0) 0 (0) 0(0) 1(9.1) 1(14.3) 0(0) 1(9.1)
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P-value

Mean
(SD)

P-

Mean
(sD)

P-value

Mean
(D)

P-value

Mean
(sD)

Laboratory

value

Variable

6.07 6.5 0.891

5.51

0.298

6.50

5(-) 0.333  3.38(407) 675

4.03 (3.6)

6.67

0.230

4.36

6.86 (4.8)

11 ()

Age (years)

(4.27)
9.76

(4.13)
11.15
(1.76)

(4.42)
10.68
(0.98)
9814

(4.27)
9.76

(3.59)
11.17

(4.35)

(3.39)
10.15

0.084

0.129

10.28 (0.77)

0.291

10.6 (-)

10.7

9.85 (1.15)

0.673

10.4

116 (-)

Hb (gm%)

(1.15)

(1.15)

(1.82)
7575

(1.42)

(0.93)

(1.94)

11,590 0.429

(4344)

16,433

0.137

11,590
(4344)
3

13,891
(6315)

9600 (—) 0.435
42 (8.2)

17083.3

11028.57
(4011)

0.985

11,450

11,545
(3976)
46.9

10,600

WBC (cells

(17,430)
46.56

(3613)
40.17

(450)
415

(17,293)
42 (9.5)

(6116.5)
38

/cumm)
Polymorphs

0.383

39.91

0.296

9.9

0.963

40 (-)

40.86 (11.5)

0.208

40 (-)

(11.76)
55.09

(12.59)

(8.6)
56.5

11.7)

(11.5)
51.5

(8.322)
53.56
(9.15)
3.59

(12.16)
51.2

(%)

Lymphocytes

446

0.

49.33

0.710

55.09
(12.4)

57.33 (8.26)

60(-)  0.886

54.44
©.8)

54.71 (11.8)

0.762

60 (=)

(12.47)

(14.3)
37

(7.8)
3.02

(8.69)
2.5

(14.4)

(%)
Platelets (x10°

2.8 (0.85) 0.243

0.236

31(-) 0194  3.12(0.5) 3.7 (1.5)

2.8

3.77 (1.43)

0.415

2.85 (0.8)

2.7 (1)

(1.56)
10.68

(0.92)
9.69

(0.86)
10.58

(0.744)
10.22

(1.59)
10.68

/cumm)

MPV

0.240

10.26

0.356

10.68

9.93 (0.747)

0.898

10 (-)

10.39 (1.26)

0.819

10.51

9.90 (-)

(1.23)
25.98
(13.4)

12)

(1.05)
41.84

(1.23)
25.98

(0.506)
26.51

(0.746)
39.01
(18.9)

(1.148)
32.73

(1.259)
26.43
(16.2)

0.141

34.28

0.462

39.24 (22.4)

0.359

28.5 (-)

28.69 (15.2)

0.442

13.14

-)

25 (OH)

(19.39)

(15.38)

(13.4)

(6.61)

(15.8)

Vitamin

D (ng/dl)

certain infectious agents which may be important in the
body's defense against TB, in which the attack of macrophages
is a key step in pathogenesis. Vitamin D exerts its actions
through binding its receptor, VDR. Activation of Toll-like re-
ceptors (TLRs) due to TB infection leads to the upregulation of
VDRs and 1-alpha hydroxylase. This facilitates the production
of 1,25 dihydroxy vitamin D, which acts on the VDR leading to
induction of cathelicidin. Cathelicidin has antimycobacterial
action and promotes autophagy. VDR gene polymorphisms
plays a role in the regulation of gene expression and VDR ac-
tivity. As VDR polymorphisms determine the activity of the
receptor; they have been suggested as potential markers of
host susceptibility to TB.®**

The pleiotropism of vitamin D and its highly conserved ac-
tion in organisms may also explain the genetic polymorphism
for the vitamin D receptor (VDR) in humans. The evolutionary
pathway of the biology of vitamin D in humans generated a ge-
netic polymorphism in the VDR, with 4 major single nucleotide
polymorphisms (SNPs) and many additional minor ones.'
Studies regarding prevalence of Fokl, Bsm1, Apal and Taql
polymorphisms in VDR are being carried out in various cohorts.
The VDR polymorphism sites most frequently studied are start
codon Fokl (rs 2228570), intron 8 Bsml (rs1544410), Apal
(rs7975232)."” Polymorphism Bsml is located on intron 8 and
results of the adenine—guanine substitution (A—G).

In vitro studies have shown that the short protein appears to
have higher transcriptional activity than the long protein. This
could lead to increased functionality of the VDR, which would
modify the effect determined by vitamin D in different cells and
tissues. The effect of polymorphism FokI in the transcriptional
activity of immune specific transcription factors in lymphocyte
proliferation and protein synthesis by immune cells indicates
the involvement of this polymorphism in immune regulation.
The importance of VDR polymorphism study in population
arises from the differences between genotypes and alleles ac-
cording to the ethnicity. This requires comparison of genotypes
and allele frequency between healthy individuals and patients
in each population and then comparing the genotype and allele
frequency with other different populations.*

Two large meta-analayses by Gao et al’” (2010) and Chen C
et al'® (2013) which found the ff genotype of the FokI was asso-
ciated with significantly increased risk among Asians but no
evident association was observed among African or South
American. Apal polymorphism had no significant associations
for African populations and a tentative negative association was
observed for Asians. Cao etal'® (2015) conducted a meta-analysis
including 38 studies which showed a statistically significant
correlations were observed between VDR Taql gene poly-
morphism and TB risk in South and West Asians. Magee et al'°
(2017) conducted a prospective cohort study of adult MDR TB
patients receiving second-line TB treatment in KwaZulu-Natal
province. Each additional risk allele on SNP rs74085240 delayed
culture conversion significantly. Djaharuddin et al® (2016)
found significant correlation between VDR gene FokI and nutri-
tional status with increase of BMI (p = 0.019) but not significant
for clinical response during intensive phase of treatment. Panda
et al** (2019) showed a significant association between Fok1
polymorphism and susceptibility to TB (P < 0.0005).

VDR mRNA, VDR protein and vitamin D levels were signifi-
cantly lower in active TB group while cathelicidin levels were
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higher in active TB patients compared to other groups. ‘f’ allele
was associated with increased susceptibility to TB. Nnoaham
et al’ (2008) from UK found that low serum vitamin D levels were
associated with higher risk of active tuberculosis. Presence of Tt
polymorphism of Taql (p = 0.036) was associated with a lower
risk of recurrent TB. The severity of TB was not associated with
Tagl polymorphism which was discordant to the study done by
Wilkinson et al* but their definition of severe TB was involve-
ment of >4 lung zones and presence of cavitation.

Our study shows that recurrent TB was less common in Tt
polymorphismof Taq gene. The TalleleoftheTaq1genehasbeen
associated with decreased production of Tissue Inhibitor of
Metalloproteinase-1  (TIMP-1), which inhibits matrix
metalloproteinase-9 (MMP-9). MMP-9, a regulator of chronic
inflammation,isupregulatedbymonocytesinresponsetoTB.The
T allele allows for increased production of MMP-9 and is associ-
ated with a higher susceptibility to TB infection.” The severity of
TBwas not associated with vitamin D receptor polymorphism.

The differential rates of TB infection amongst different
countries and ethnicities can be attributed to a combination of
genetic and environmental factors. The differential rates of
susceptibility to TB and the risk of developing active TB may be
attributed to the VDR polymorphism present in the individual.
The VDR polymorphism status of a patient can also help deter-
mine the risk of developing active severe TB or recurrent TB.
Vitamin D supplementation may improve clinical outcomes in
particular VDR polymorphisms. Knowing the VDR poly-
morphism status can enable clinician to predict the course of TB.

4.1. Limitations of the study

We did not have a control group in the study. Only four poly-
morphisms of Vitamin D receptor were studied in this study.
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Case report

Acral involvement in lichen scrofulosorum: A
diagnostic oddity with distinctive features on
dermoscopy
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ARTICLE INFO ABSTRACT
Article history: A commonly underdiagnosed harbinger of visceral tuberculosis, lichen scrofulosorum
Received 8 November 2021 classically manifests as centripetally located erythematous to violaceous cutaneous pap-
Received in revised form ules. Perifollicular and perieccrine tuberculoid granulomas constitute the histologic hall-
1 April 2022 mark. We report a case of lichen scrofulosorum with involvement of the acral areas which
Accepted 17 May 2022 is unusual. Also, dermoscopy, which has not yet been widely utilized in this condition gave
Available online 21 May 2022 a novel insights into histopathology in this case.
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immune response mounted to disseminated antigens of the
pathogen.”

Lichen scrofulosorum (LS) is the most commonly encoun-
tered cutaneous tuberculid in pediatric patients with high cell
mediated immunity." An under diagnosed condition, it usu-
ally manifests as innocuous centripetally located discrete or
agminate follicular and perifollicular violaceous and reddish
brown papules.” Although diverse morphological variants are
known, LS on acral areas is distinctly unusual with only a

1. Introduction

Tuberculosis (caused by Mycobacterium tuberculosis) remains
endemic in multiple countries across the globe. An important
form of extrapulmonary tuberculosis, cutaneous tuberculosis
constitutes 0.9% of patients attending the outpatient depart-
ment." Broadly, cutaneous tuberculosis can be classified as
true cutaneous tuberculosis and tuberculids caused due to

* Corresponding author. Department of Dermatology, K.E.M. Hospital, Mumbai, 400012, India. Tel.: +919920402705.
E-mail address: tejasvishwanath.igs@gmail.com (T. Vishwanath).
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4 Consultant dermatologist, Mumbai.
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Fig. 1 — a- Skin colored and violaceous papules on the forearm (marked by arrows). b- Subtle dull skin colored papules on the
chest and abdomen (marked by arrows). c- Dusky erythematous papules on the palms (encircled). d- Dusky erythematous
papules on the feet extending onto the soles (encircled). e- Close up view of papules on the foot and sole (marked with
arrows). f- Strongly positive tuberculin skin test with lichenoid papules (encircled).
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single case reported previously. Dermoscopy, a useful non
invasive diagnostic tool, has been used successfully to di-
agnose some forms of cutaneous tuberculosis such as lupus
vulgaris, however, reports on the use of this modality in LS are
surprisingly sparse. We report an unusual case of LS involving
the extremities with dermoscopic features and histopatho-
logic correlation.

2. Case

A nine year old Indian girl presented with mildly pruritic
violaceous papules on the forearms, thighs, abdomen and
genitals. She also had dull erythematous papules on the palms
and feet extending onto the soles. There was associated with
low grade evening fever, weight loss as well as ataxia and
altered sensorium since two months. There were no pulmo-
nary manifestations. Examination revealed subtle violaceous
and skin colored discrete follicular and non-follicular papules
on the trunk, forearms and thighs (Fig. 1a and b). Some pap-
ules had fine scales. Non-tender minimally elevated dusky
erythematous papules were noted on the palms and soles
(Fig. 1c,d,e). Mantoux test was strongly positive (2cm) with
lichenoid papules (Fig. 1f). Multiple cerebral parenchymal and
sulcal tubercular granulomas were noted on magnetic reso-
nance imaging. A provisional diagnosis of LS along with acral
papulonecrotic tuberculid (PNT) secondary to central nervous
system (CNS) tuberculoma was made. Erythema multiforme
and cutaneous small vessel vasculitis were also entertained as
a differential diagnosis for acral lesions.

Dermoscopy of forearm lesions revealed central pale areas
(some of which were folliculocentric) with surrounding
yellow-orange background and ring of vessels (Fig. 2a). On the
sole, irregular ill-defined white streaks with surrounding
linear irregular vessels on a subtle orange background were
noted (Fig. 2b).

Histopathologic examination of a papule on the forearm
revealed perifollicular and periacrosyringeal tuberculoid gran-
ulomas with edema (Fig. 3a) whereas that of a papule on the
foot showed tuberculoid granulomas in a periacrosyringeal

distribution (Fig. 3b and c). Stains for acid fast bacilli were
negative. Thus, a final diagnosis of lichen scrofulosorum sec-
ondary to tuberculoma of CNS was made and the patient was
started on antituberculosis treatment. Improvement of cuta-
neous and systemic features was ascertained telephonically
four weeks after initiation of the treatment since the patient
refused to come to the hospital. Subsequently, she was lost to
follow up.

3. Discussion

Lichen scrofulosorum is caused by delayed type hypersensi-
tivity response to mycobacteria or their circulating fragments
which disseminate hematogenously from a tuberculous
focus.® Strong Mantoux test positivity and rapid response to
anti-tuberculous therapy are important diagnostic features.

A high degree of suspicion is warranted especially in
tuberculosis endemic locations. This is especially so since this
tuberculid is known to manifest atypically: atypical mor-
phologies reported include psoriasiform, annular and granu-
loma annulare like.” Atypical sites of involvement include the
acral areas and genitals.”” It may thus be missed by the un-
wary observer leading to delay in initiation of anti tuberculous
therapy.

The present case is particularly unusual because of acral
localization of lesions with unusual morphology clinically
simulating a vascular pathology. A single case with involve-
ment of the extremities has been described in the literature;
this case also had a tuberculoma in the brain with good
response to anti tuberculosis therapy akin to the present
case.” However, the paper lacks dermoscopic and histologic
characterization of the patient. A recent series has docu-
mented LS occurring exclusively on the flexor aspect of the
forearms and legs, however this did not involve the acral
areas.® This makes the present case unusual and noteworthy.

Important differential diagnoses with respect to the pal-
moplantar lesions in this include PNT, small vessel vasculitis
and erythema multiforme. All these were conclusively ruled
out on histopathologic analysis which did not show vascular

Fig. 2 — a- Dermoscopy of forearm lesions (arrow) displayed central pale areas (inset, white *) around hair follicles with
surrounding yellow-orange background corresponding to granuloma on histopathology and ring of vessels (black arrow). b-
Dermoscopy of lesions on the sole showed white streaks (black *) with surrounding linear irregular vessels (black arrow) on

an orange background.
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Fig. 3 — a- Histopathologic examination of a papule on the forearm (Hematoxilin and Eosin stain; 10x) revealed tuberculoid
granulomas around the opening of a hair follicle and sweat duct (in black square) with edema. Inset (Hematoxilin and Eosin
stain; 20x)- Perifollicular granulomas are seen. These features are characteristic of lichen scrofulosorum. b- Biopsy of a
papule on the sole shows granuloma (black box) concentrated around the opening of a sweat duct (acrosyringeum,;
Hematoxilin and Eosin stain; 10x). c- Higher power view of same field as figure 3b showing the acrosyringeum (yellow *)
and a Langhans giant cell with abundant central pink cytoplasm and peripherally arranged nuclei (#).

pathology, vacuolar interface dermatitis or epidermal cell
necrosis which characterize these conditions.

Dermoscopy may be a useful tool in this regard in future. In
this case it gave a vivid insight into the pathology. Central pale
area and white streaks correspond to central edema in gran-
uloma while the surrounding orange hue presumably corre-
sponds to the granuloma proper. Dilated linear vessels at the
periphery signify active inflammation. These features have
not been described previously. Previous reports detail pale
agminate folliculocentric dots and halos with brown follicular
plug along with marginal hyperpigmentation, milia like cysts,
altered pigment network and scaling.”® Further case series
may be informative since dermoscopy may aid in diagnosis of
this underdiagnosed entity especially atypical variants.

4, Conclusion

Lichen scrofulosorum must be a diagnostic consideration in
tuberculosis endemic areas especially since it may be an early
indicator of tuberculosis, a curable condition. Awareness of
rare variants is paramount to achieve early diagnosis. Histo-
pathology occupies a place of prime importance in resolving
diagnostic conundrums. Dermoscopy may be a useful adjunct
to diagnosis since it acts as a bridge between clinical diagnosis
and histopathology.
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ABSTRACT

We report a case series of patients presenting with undiagnosed pulmonary fibrosis as a
primary manifestation. On evaluation, after excluding other causes, the fibrosis was
attributed to asymptomatic or mild COVID illness in the past. This case series serves to
highlight the difficulties posed to clinicians while evaluating pulmonary fibrosis in the
post-COVID era, more so in mild to asymptomatic COVID-19. The intriguing possibility of
fibrosis setting even in mild to asymptomatic COVID is discussed.
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1. Introduction

COVID-19 pandemic caused by SARS-CoV-2 had a devastating
effect on health, economic and social sectors globally. The
presentation of COVID-19 infection varies from asymptomatic
to hypoxemic respiratory failure and respiratory distress
syndrome. Long-standing sequelae involving the lungs such
as fibrosis are seen in patients who have recovered from
COVID-19 infection." Other pulmonary complications like
cavitary lung disease, bronchiectasis are also seen in addition
to persistent symptoms such as dyspnea and fatigue.”® The
pulmonary sequelae are mostly seen in hospitalized patients
with severe COVID-19 infection.* Asymptomatic COVID-19

patients developing lung fibrosis is an unheard-of entity. It is
alarming that, unlike in idiopathic pulmonary fibrosis where
fibrosis usually occurs in the elderly, post-COVID fibrosis is
seen irrespective of age and other co-morbidities. Here we
report a series of four cases presenting with pulmonary
fibrosis as initial manifestation and lacking a definitive asso-
ciation with microbiologically proven COVID. Pulmonary
fibrosis in these patients was largely attributable to post
COVID complications amongst asymptomatic COVIDs. Pul-
monary fibrosis is generally seen in patients with moderate to
severe disease and is very rarely described in asymptomatic
and mild cases of COVID-19. The radiological similarity be-
tween usual interstitial pneumonia (UIP) and post COVID

* Corresponding author. Department of Pulmonary Medicine, Kasturba Medical College, Mangalore, Manipal Academy of Higher Edu-

cation, Manipal, Karnataka, 575001, India. Tel.: +91 8547437931.
E-mail address: t.antony5@gmail.com (T. Antony).
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fibrosis, symptomatology overlap, and difficulties posed by
clinicians in differentiating these two entities in the post-
pandemic era has been discussed in this case series.

2. Case 1

A 43-year-old female, homemaker, known diabetic, who was
not vaccinated against COVID-19 infection, presented with a
1-month history of progressive exertional breathlessness. She
reported no history of any joint pain or any other extra-
pulmonary symptom. Her baseline vital parameters were
within normal limits. She gave no prior history of respiratory
infection, fever, or any hospital admission in the recent past.
Chest X-ray showed bilateral reticular opacities. HRCT of the
thorax showed fibrosis with traction bronchiectasis, primarily
involving the lower lobes with predominant sub-pleural
involvement (Fig. 1A). COVID testing using cartridge-based
RT-PCR did not detect SARS-COV2 RNA. Connective tissue
work-up was done and showed a negative rheumatoid factor,
anti-cyclic citrullinated peptide (CCP), antineutrophilic cyto-
plasmic antibody (ANCA), and antinuclear antibody (ANA).
Echocardiography did not show any abnormality. However
anti-SARS-COV2 IgG quantitative test antibodies for COVID-19
came positive (>200 BAU/ml). Pulmonary function test
showed restrictive pattern (FEV1: 0.80 L, 31% predicted; FVC:
0.92, 30% predicted), reduced DLCO (8.7 ml/min/mmHg, 34%
predicted). She was unable to perform a six-minute walk test.

A

-

She was started on anti-fibrotic therapy, injectable steroids,
and pulmonary rehabilitation and is currently on follow-up.

3. Case 2

A 51-year-old male patient, ex-smoker, farmer, with no co-
morbid illness, recently vaccinated with the first dose against
COVID-19, presented to the respiratory medicine clinic with
two weeks history of progressive exertional breathlessness
and dry cough. He had a history of fever lasting for 2 days that
preceded symptoms of dry cough. He had not undergone
testing for COVID then. There was no history of any joint pain
or fever. General examination was unremarkable, except for
low peripheral oxygen saturation on presentation (92% on
room air). Systemic examination showed bilateral basal
crepitations on auscultation. Chest X-ray showed bilateral
reticular opacities. Sputum aerobic culture and CBNAAT for
tuberculosis did not reveal any organisms. COVID testing
using cartridge-based RT-PCR did not detect SARS-COV2 RNA.
HRCT thorax showed diffuse, predominantly subpleural areas
of fibrosis and bronchiectasis (Fig. 1B). Echocardiography
showed normal biventricular function and no evidence of
pulmonary artery hypertension. Spirometry showed restric-
tive pattern (FEV1: 0.82 L, 28% predicted; FVC: 1.01, 28% pre-
dicted), reduced DLCO (6.6 ml/min/mmHg, 24% predicted). His
six-minute walk test showed a reduction in total distance
covered (120 meters at six-minute) and the lowest recorded

Fig. 1 — A: Case 1, B: Case 2, C: Case 3, D: Case 4. (A—D) Images of HRCT thorax showing areas of fibrosis, involving the lower
lobes with dominant subpleural pattern of distribution (marked with black arrow).
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oxygen saturation of 88% on room air. The patient was started
on anti-fibrotic agent, injectable steroids. The patient partly
responded to treatment and is currently on follow-up.

4, Case 3

A 28-year-old female patient, homemaker, with no comorbid
illness, not vaccinated against COVID-19, presented with 20
days history of exertional breathlessness and dry cough.
General examination was unremarkable and peripheral oxy-
gen saturation on presentation was 95% on room air. Bilateral
basal crepitations were present on auscultation. Chest X-ray
showed reticular opacities bilaterally. HRCT thorax showed
diffuse, predominantly sub-pleural areas of fibrosis involving
lower lobes (Fig. 1C). COVID testing using cartridge-based RT-
PCR did not detect SARS-COV2 RNA. The patient was tested for
COVID-19 antibody using anti-SARS-COV2 IgG quantitative
test and was found to be significantly elevated (>200 BAU/ml).
Echocardiography did not reveal any significant abnormality.
Pulmonary function assessment showed restrictive pattern
(FEV1:0.96 L, 38% predicted; FVC: 1.10, 38% predicted), reduced
DLCO (7.8 ml/min/mmHg, 27% predicted). She covered a total
distance covered (360 meters at six-minute) during a six-
minute walk test with the lowest recorded oxygen satura-
tion of 88% on room air. The patient was managed with sup-
portive care, anti-fibrotic agent, and injectable steroids. The
patient is currently on follow-up.

5. Case 4

A 75 -year-old male, ex-smoker, with diabetes mellitus, fully
vaccinated against COVID-19, tested positive for COVID
testing using cartridge-based RT-PCR. He was largely asymp-
tomatic then and opted for home quarantine. He developed
progressive breathlessness after a month of testing positive.
The patient was tachycardic and with a respiratory rate of 28
breaths per minute. His peripheral oxygen saturation was 89%
on room air at presentation. Chest X-ray showed bilateral
reticular opacities. HRCT of the thorax showed bilateral basal
predominant areas of fibrosis (Fig. 1D). Echocardiography did
not show any significant abnormality. His spirometry showed
restriction abnormality and DLCO was reduced. The patient
was managed with supportive care, started on anti-fibrotic
agent, injectable steroids. The patient was stable on
discharge is on follow-up.

6. Discussion

There has been an unprecedented spurt in the cases of pul-
monary fibrosis following the COVID-19 pandemic. Although
it is a known complication in severe COVID-19 pneumonia,
the possibility of lung fibrosis secondary to an asymptomatic
or mild COVID-19 infection is also probable as reported in this
case series.

Two of the patients had no history of COVID-19 infections,
were unvaccinated, and had an elevated anti IgG titer for
COVID-19 confirming an asymptomatic COVID-19 infection in

the recent past. The third patient was partially vaccinated
with a history suggestive of a recent mild COVID-19 infection.
The fourth patient was fully vaccinated with a confirmed mild
COVID-19 infection. All four cases were diagnosed with pul-
monary fibrosis, which was unlike typical of post COVID
fibrosis making the etiology of fibrosis a diagnostic dilemma.
In all our cases, a comprehensive workup for baseline con-
nective tissue disorders and detailed occupational history was
inconclusive ruling out other possible etiologies for pulmo-
nary fibrosis. Thus, it should be kept in mind that fibrosis
could be sequelae in spite of the vaccination status of the
patients. Raised IgG antibodies against COVID-19, who is not
vaccinated and in those with no prior history of any past or
current COVID-19 infection gives indirect evidence of
asymptomatic COVID infection in the recent past.”

Although fibrosis of lungs in asymptomatic COVID patients
is not yet studied, it could be assumed that the pathogenesis
could simulate that in severe infection. The correlation be-
tween the antibody levels and the extent of lung fibrosis needs
to be studied further. Possible mechanisms of injury could be
direct injury related to viral infection or due to immune-
mediated injury following the release of pro-inflammatory
and pro-fibrotic cytokines/factors such as TGF-B, TNF-qa,
MMPs, TIMPs, IL-1, IL-4, IL-5, IL-6, IL-13, and IL-17.° Other
possible causes such as cardiac function and an active infec-
tion should be ruled out in such patients.

A significant proportion of patients with asymptomatic to
mild COVID-19 cases have demonstrated ground-glass opac-
ities and pneumonia on HRCT.” However, the impact on lung
function over medium to long term and silent progression to
fibrosis remains unclear and has not been studied in great
detail. Some studies have amply demonstrated pulmonary
function impairment after 4 months of acute COVID-19 even
in asymptomatic COVID-19 cases as characterized by diffu-
sion impairment, reduced total lung capacity, and forced vital
capacity. Surprisingly 20% of patients with the mild disease
showed a decrease in paO2 on exercise indicating a subtle gas
exchange abnormality.? Reduction in diffusion capacity per-
sisting after 4 months suggests ongoing interstitial process
even amongst those with mild disease.

There is also evidence that viral infections including
COVID-19 may predispose, trigger or exacerbate respiratory
pathologies like pulmonary fibrosis.”'® This has been
explained by the “two-hit” hypothesis wherein an initiating
insult causes changes in the lung microenvironment
increasing its susceptibility to a fibrotic process following a
secondary insult. Viral infections can upregulate expression,
signaling pathway, and production of growth and pro-fibrotic
factors triggering progressive fibrotic process.

In the post-COVID era, early and accurate diagnosis of
post-COVID fibrosis from usual interstitial pneumonia (UIP)
becomes a nightmare as both these entities have a near
similar HRCT presentation with bilateral sub-pleural honey-
combing with reticulation and traction bronchiectasis. In such
clinical contexts, confirmation of past active COVID illness
with RT-PCR or elevated anti-COVID antibody titers in the
unvaccinated (as evidenced in two of our cases) becomes
critical in clinching the diagnosis. Diagnosing post-COVID
fibrosis in the asymptomatic untested but vaccinated, is
often a probable diagnosis and hinges primarily on history
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suggestive of COVID-like illness as related in the third patient
from our series. It is probable that many elderly asymptomatic
populations might have moderate—severe pneumonia but the
symptoms might not be overt in their manifestation consid-
ering the age, immunity, and activity levels. Often this section
of the population might present with pulmonary fibrosis as
the initial and sole manifestation of COVID-19 sequel.

Established post- COVID pulmonary fibrosis has an un-
predictable course and continues to confound clinicians'
world over with its myriad presentations, variable response to
therapy, and long-term prognosis. In some extensive fibrosis
is known to resolve spontaneously over time, while in others
anti-fibrotic therapy might slow down the fibrosis while in
some the disease marches, all novel interventions notwith-
standing. Though there exists a slew of data there is little
consensus on factors modifying the onset and progression of
fibrosis in individual patients.

Antifibrotics are often used commonly in patients with
post-COVID fibrosis and UIP, it is extremely important to
differentiate the two processes in terms of long-term prog-
nostication and outcome. Clinicians are often faced with this
dilemma as seen in our case series when patients present with
pulmonary fibrosis as initial presentation and a history of
microbiological confirmation of COVID positivity is lacking.
This case series seeks to highlight this vexing clinical issue
posed to physicians in the post-COVID era.

There is no definitive treatment for post-COVID fibrosis of
the lungs. Studies have shown the potential benefit of anti-
fibrotic agents in preventing the worsening of lung function.
The use of anti-inflammatory agents like steroids has a
possible role in reducing immune-mediated lung injury and
fibrosis.”® Other supportive such as pulmonary rehabilitation
and regular physical exercise could have some role in
management.
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ABSTRACT

Tuberculosis is a serious contagious disease mainly affecting the lungs and is common in
the developing countries. The essential component of all antitubercular regimens include
Isoniazid, pyrazinamide as first-line drugs. A serious cutaneous adverse drug reaction
namely exfoliative dermatitis (erythroderma) is associated with isoniazid use though un-
common but is common among pyrazinamide users. Here we report 3 cases of tuberculosis
patients on antitubercular therapy (ATT) for 8 weeks, came to hospital OP (outpatient) with
severe generalized redness and scaling with itching distributed all over the body and trunk.
Immediately ATT was discontinued and all the three patients were administered antihis-
taminic and corticosteroid. The patients recovered within 3 weeks. To confirm ATT
induced erythroderma and narrow down the offending agents, sequential rechallenge with
ATT was done and again these patients had similar lesions erupt all over the body only
with isoniazid and pyrazinamide. Antihistamine, steroids were started and the symptoms
resolved and completely recovered within 3 weeks. Prompt withdrawal of the culprit drug
along with appropriate medications and supportive measures is necessary for good prog-
nosis. Physicians must be judicious while prescribing ATT especially, isoniazid and pyr-
azinamide as these can precipitate fatal cutaneous adverse reactions. Strict vigilance may
help in early detection of this type ADR and timely management.

© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Erythroderma or generalized exfoliative dermatitis (GED), is a
serious life-threatening cutaneous inflammatory condition
characterized by diffuse erythema and scaling of greater than
90% of the body's surface that begins in patches, spreads and
may slough off.’ Exfoliative dermatitis (ED) may occurs as
exacerbation of pre-existing skin condition like psoriasis or
atopic dermatitis, eczema, or due to a reaction to certain
medicines and malignancies like lymphoma. Drug induced ED
is a cluster of severe, infrequent, dermal drug hypersensitivity
reactions (DHR). Erythema multiforme (EM), Stevens—Johnson
syndrome (SJS) and toxic epidermal necrolysis (TEN) are ex-
amples of drug induced ED occurring mostly within few days to
weeks after exposure to the offending drug. The classical
clinical signs and symptoms of ED include erythema or intense
skin redness, glossy and thin skin, scaling (white or yellow),
scabby lesions, skin thickening, itching, fever, dehydration
(due to loss of body fluids through the marred skin) and protein
deficiencies. Progressive lichenification and edema make cause
tightening of the skin. Cutaneous adverse drug reaction (CADR)
is defined as any secondary dermal reactions occurring after
the systemic drug administration. The incidence of ED was
reported as 0.035% (35 per 100,000 patients) in dermatology OP
by an Indian study group. Extensive dermal inflammation and
epidermal proliferation due to increased adhesion molecules
expression in epithelial cells is the underlying etiology of ED.
Markedly excessive exfoliation seen in erythrodermic patients.
T cells play a major role in immune-mediated drug induced ED.
Previously reports state that ED has a mortality range 4%—64%.
Cardiac failure, septicemia, and pneumonia are the most
common cause of death in exfoliative dermatitis patients.”

It is essential to diagnose properly, identify the underlying
etiology, and appropriately manage erythroderma as this condi-
tion may be a potentially fatal condition and may require hospi-
talization. Drug induced ED usually rapidly resolves after the
offending drugis stopped and precise treatment and maintaining
metabolic, hemodynamic balance. Symptomatic supportive
treatment with confinement to bed, oral antihistamines, topical
corticosteroids and emollients for proper wound care must be
asserted to improve quality of care and quicker recovery.®

Tuberculosis (TB) is a respiratory disease caused by Myco-
bacterium tuberculosis. TB spreads via droplet infection and can
be treated successfully with antitubercular drug therapy. Fist
line anti TB drugs include INH, rifampicin, pyrazinamide and
ethambutol; ATT drugs may be associated with the develop-
ment of ED within six to eight weeks of ATT initiation. Other
drugs such as cimetidine, diltiazem, phenylbutazone, allopu-
rinol, hydantoin derivatives (phenytoin), carbamazepine,
penicillins, sulfonamides, dapsone can also cause ED. Early
detection of the cutaneous reaction and discontinuation of the
maleficent agent promptly and steroid administration are
mainstay of ED management.*

2. Case report 1

A female patient, 40-year-old, diagnosed of TB and was on
category I (CAT-I) ATT for ten weeks. She came to the

dermatology OP with complaints of generalized itching and
redness of skin on both upper limbs. On physical examination,
generalized scaling eruption all over the body was seen. She
was diagnosed to have exfoliative dermatitis due to ATT
because she was not on any other medications. ATT was
immediately withheld and she was put on tablet hydroxyzine
10 mg (antihistamine) once daily for 7 days, tablet predniso-
lone 5 mg three times daily for 21 days and topical emollients.
She recovered in 3 weeks (dechallenge) after which individual
ATT drugs were reintroduced in a sequential manner
(rechallenge). Ethambutol was reintroduced first, then rifam-
picin, pyrazinamide and INH at the last, with 1 week interval
between each drug. The patient did not develop any signs of
CADR for the first three drugs, but after INH reintroduction,
within 48 hours, she developed erythematous lesions and
intense itching. INH was withdrawn and doctor confirmed this
case as ‘isoniazid induced erythroderma’. The patient was
given symptomatic treatment. The lesions resolved in a
weeks' time, and alternative regimen of ATT was prescribed to
her which replaced INH with levofloxacin. No further cuta-
neous ADR was reported. This ADR was reported to our
pharmacovigilance center. On WHO-UMC causality assess-
ment scale, this case falls under ‘certain’ category (Fig. 1).

3. Case report 2

A 54-year-old woman presented with fever and productive
cough, diagnosed as pulmonary TB was started on ATT under
directly observed treatment short course (DOTS) regimen. In
the 8th week, this patient came to dermatology OPD with
complaints of redness, swelling and severe itching on her
lower limbs for the last 7—10 days. Dermatological examina-
tion showed non uniform darkened erythematous lesion and
scaling involving both legs and soles. Pruritic plaques on the
body and legs showed increased in size day after day. The
patient's history revealed no preexisting skin disorders or any
other medical problem. ATT was abruptly halted. Symptom-
atic treatment including emollients, steroids and antihista-
mines were given after which lesions resolved in 21 days. To
confirm ATT induced ED, rechallenge was done wherein in-
dividual drugs were reintroduced in a sequential manner with
an interval of 1 week between each drug. INH was reintro-
duced at the last and within 48 hours, pruritic erythematous
rashes was developed by the patient all over body. Offending
drug was withdrawn and the case was diagnosed as “INH
induced erythroderma”. The lesions subsided in 1 week after
appropriate treatment; INH was excluded and levofloxacin, a
second line ATT drug was introduced. The patient did tolerate
the alternate drug. Based on WHO-UMC causality assessment
scale, the case was considered as “certain” and reported to
PVPI office (pharmacovigilance program of India) from our
pharmacovigilance center (Fig. 2).

4, Case report 3

A lady aged 45-year with a history of low-grade fever in eve-
ning, progressive loss of body weight and sputum positive TB
was on standard ATT for the last 3 months. In the 4th month,
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Fig. 1 — Case report 1. INH induced Exfoliative dermatitis.

she visited Dermatology OPD, complaining of red patches and
itching over abdomen which lasted for more than 10 days. The
erythematous rashes spread to the entire body gradually.
Immediately ATT was withdrawn and antihistamine hy-
droxyzine 10 mg for 10 days, deflazacort (6 mg once daily) for 5
days and topical mometasone ointment were given. Confor-
mation of ATT induced ED required rechallenge with ATT
drugs sequentially at one week interval. Rechallenge with
rifampicin in week 1 and then isoniazid in week 2, ethambutol
in week 3 were tolerated without any significant symptoms.
On reintroduction of pyrazinamide caused, within 48 hours
the patient developed pruritis, erythema and fever. Offending
drug was withdrawn and the dermatologist confirmed the
diagnosis as “pyrazinamide induced erythroderma”. The
symptoms resolved on antihistamine, steroids therapy for 10
days and patient was discharged (Fig. 3).

5. Discussion

Erythroderma is a generalized cutaneous inflammatory dis-
order characterized by extreme peeling of skin, diffuse skin
redness and scaling classically found on >90% of the body

surface. ED has a high morbidity, mortality risk significantly
due to its complications arising from severe metabolic
dysfunction. Exfoliative dermatitis is a severe form of CADR
that has been associated to all four first-line antitubercular
medications namely INH, rifampicin, pyrazinamide and
ethambutol. Cutaneous ADRs interfere with TB drug therapy
and enhance treatment failure risk, development of ATT
resistance, recurrence of TB and higher complication risks.” A
study on CADR with ATT in a tertiary care hospital, the most
common malicious offender was pyrazinamide (2.38%), next
streptomycin (1.45%), followed by ethambutol (1.44%), rifam-
picin (1.23%) and least with isoniazid (0.98%).° Most common
adverse effects of INH are peripheral neuritis and hepatitis,
while that of pyrazinamide are bleeding gums, joint pains
which are more common in alcoholics and older patients, but
CADR are rare with incidence of <0.001%. From the findings of
our study, rifampicin and ethambutol were found to be
tolerated well but CADRs developed to INH and pyrazinamide.
Case reports on exfoliative dermatitis with antitubercular
drugs are available in plenty; but only 4 cases of erythroderma
induced by isoniazid alone is reported so far. So, to the best of
our knowledge, this is the fifth and sixth cases of INH induced
ED reported globally.

Fig. 2 — Case report 2. INH induced Exfoliative dermatitis.
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Fig. 3 — Case report 3. Pyrazinamide induced Exfoliative dermatitis.

Start rechallenge with the LEAST suspected Drug.

1=t line : INH> Rifampicin> Pyrazinamide> Ethambutol.
Second line Drugs.

-_?

[ Nottolerated |

T |

1/2t of the dose given |

| Tolerated ||

{ Not tolerated i

| I Stop rechallenge

I Not tolerated I—l
| Stop rechallenge |

Day 2
\ | Complete dose given
Day 3 | Tolerated |
s Rechallenge is started with next new drug and repeat
257 this procedure till alternate regimen is finalized

Fig. 4 — Algorithm for Rechallenge with ATT drugs.®

In India, the ATT regimen includes fixed drug combination
(FDC) of drugs and this poses difficulty in pin pointing the
single probable agent responsible for the ADR. ATT induced
CADR confirmation is a lengthy process. Re-introduction of
the drugs is the only way to detect the causative agent.
Alteration of regimen results in use of a less effective regimen,
increases the duration of treatment and may decreases pa-
tient compliance.” Though exfoliative dermatitis can be
caused by multiple drugs, the temporal relationship between
the introduction of INH, pyrazinamide and the onset of CADR,
resolution following withdrawal and recurrence of symptoms
when the drugs were reintroduced confirmed that INH, pyr-
azinamide as the causative agents (Fig. 4).

Among all the causes of erythroderma, drug-induced ED
has the best prognosis and it usually resolves within 2—6
weeks. Factors predisposing for ATT induced hypersensitivity
reactions include geriatric age group, polypharmacy, HIV

infection, autoimmune disease, and liver or kidney dysfunc-
tion. The etiological mechanism of ED is postulated that the
chemically active drug metabolite act as a hapten initiating an
immunological response, cause apoptosis acceleration, or
may directly result in cellular necrosis; an alternative mech-
anism proposed is that ED could be related to immunosup-
pression due to drug-allergy either immediate or delayed
hypersensitivity reaction, due to drug accumulation or due to
tuberculoproteins release.

Prompt resolution of the lesions after withdrawal of the ATT
and treatment with oral antihistaminics, corticosteroids and
emollients, reinforce the diagnosis as ATT induced eryth-
roderma. Patients must be advised to avoid scratching, avoid
precipitating factors and must be treated for the underlying
cause and complications. In INH induced ED, ATT prescription
was changed to rifampicin 150 mg, pyrazinamide 400 mg,
ethambutol 275 mg, and levofloxacin 750 mg for a period of 2
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months in intensive phase followed by levofloxacin 750 mg,
rifampicin 450 mg for a period of 4 months in continuation
phase. In pyrazinamide induced ED, pyrazinamide was
excluded and remaining ATT drugs were continued.’

6. Conclusion

Exfoliative dermatitis are potentially fatal CADRs requiring a
minimum of 2 weeks to several months of exposure to the
trigger drug for the emergence of CADRs and can be avoided
by discouraging drug over-prescription and use of combina-
tion drugs that interfere with the metabolism of the offending
drugs. It is necessary to frequently monitor liver and kidney
functions particularly in comorbid patients and those on
polydrug therapy to prevent drug toxicity leading to increased
incidence of CADR’S due to impaired metabolism or drug
elimination. Several genes found to be involved in the genesis
of exfoliative dermatitis include ABCB6, ALOX12B, C3, C4BPA,
CARD14, CD4, CD8A, IL2, SPINK5, and TNF." It may be rec-
ommended in specific high-risk ethnic groups (particularly
Asiatic) to perform genotyping for ED associated genes before
starting therapies with possible triggers.

After the diagnosis of ATT induced ED, multidisciplinary
approach is initiated for management of the disease. At the
earliest possible, identify and avoid the trigger and further
complications. Antihistamines and steroids, topical emol-
lients (to maintain skin moisture) are the cornerstone of
treatment in any CADRs. New strategies like immunomod-
ulatory therapies need to be looked into as CADRs are finally
due to malfunctional immune system. To conclude, ED
caused by isoniazid and pyrazinamide is a serious but
potentially life threatening CADR. Abrupt withholding of the
ADR triggering drug along with symptomatic management
will help tide over this critical situation. Hence, physicians
may be advised to follow caution while prescribing ATT
regimen which includes INH and pyrazinamide. Early
detection and judicious approach may be life-saving in pa-
tients with this type of ADR.
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Pott's disease, also known as TB spondylitis, is a very uncommon extrapulmonary infection
caused by Mycobacterium tuberculosis. As its prevalence is not high it can easily be under-
diagnosed. Magnetic resonance imaging (MRI), computed tomographic (CT) guided needle
aspiration, or biopsy are known to be the best techniques for early histopathological
diagnosis along with confirmation by microbiological results. Ziehl Neelson stain (ZN) can
detect Mycobacterium infections when clinically suspected samples are adequate and
optimally stained. No single method or simple guideline can diagnose spinal tuberculosis.

Tuberculosis Early diagnosis and prompt treatment are necessary to prevent permanent neurological
Bone disability and to minimize spinal deformity. We are reporting three cases of Potts disease
Culture which could have been easily missed if we would have relied on one single investigation.
Growth © 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

uncommon even with most advanced molecular tests like
1. Introduction

Tuberculosis (TB) is an infectious disease that poses major
health and socio-economic burden at a global level, especially
in developing countries.’ Tuberculosis can either be pulmo-
nary or extra-pulmonary (EPTB) affecting any anatomic site of
the body. One of them though uncommon is spinal tubercu-
losis or Pott's TB which affects the vertebral bones.” EPTB ac-
counts for 15-20% of total tuberculosis cases with skeletal
tuberculosis occurring in about 1-3% of the total TB cases
only, it can lead to a destructive form of spinal tuberculosis.
False-negative results in the diagnosis of EPTB is are not

* Corresponding author. Tel.: +91 9974770469.
E-mail address: drssmukhida@rediffmail.com (S. Mukhida).
https://doi.org/10.1016/j.ijtb.2022.08.003

Cartridge Based Nucleic Acid Amplification Technology
(CBNAAT)/Xpert and Line probe assay (LPA). It is due to low
bacillary load and therefore needs to be correlated with the
patient's clinical presentation.’ >

2. Case report 1

A 43-year-old woman presented to the orthopedic department
with a complaint of severe back pain. She had similar com-
plaints in the past four months for which she had visited a
medical practitioner. She had been taking analgesics for pain

0019-5707/© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.
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relief but her condition did not improve. The patient described
the pain as progressively worsening and had no history of
trauma.

On clinical examination, she had a temperature of 37.3 °C,
a pulse rate of 100/min, and blood pressure of 120/75 mmHg.
On physical examination, local tenderness on the lumbar area
of the spine was observed. Laboratory blood examination
showed results in the normal range. Magnetic resonance im-
aging (MRI) of the lumbosacral spine revealed vertebral
changes and spondylodiscitis with Para -vertebral masses at
D7-D8 (Fig. 1).

A CT-guided needle biopsy was performed and tissue
was sent for histopathology and mycobacteriology in-
vestigations. The biopsy specimen was mechanically ho-
mogenized and resuspended in saline and smears were
stained using the Ziehl-Neelsen method for detection of
Acid-fast bacilli (AFB).

CBNAAT and LPA were also performed. Histopathology
reported granulomatous inflammatory pathology. CBNAAT
and LPA were found to be negative. The solid culture was
done on in-house prepared Lowenstein-Jensen (LJ) media
and liquid culture on MB Bact (BACT/ALERT MP Culture
Bottle, BIOMERIEUX, USA) bottle after decontamination of
specimen.®” Rough, tough, and buff colonies were seen on
the L] medium (Fig. 2). Liquid culture media from Bact/Alert
gave a positive signal after 4 weeks of incubation but no AFB

was seen. At the end of the 6 weeks, again the positive
signal was received but this time AFB was seen in the Z-N
stain.

The MPT64 test was performed using the kit (SD MPT64TB
Ag kit, Standard Diagnostics) with the solid—liquid culture
which yielded a positive result (Fig. 3). LPA has performed
once again from culture and gave a positive result. Hence the
Patient was diagnosed with Pott's disease and was put on this
using four drug regimen (Rifampicin, Isoniazid, Pyrazinamide
and Ethambutol). After six months of treatment, the patient is
improving.

3. Case report 2

A 36- year-old female patient presented to the surgery
outpatient department with complaints of back pain and
swelling from the last 6 months. The pain was intense and
gave the patient sleepless nights for the past 1 month. On
clinical examination, she had a temperature of 38.1 °C, a pulse
rate of 82/min, and blood pressure of 120/80 mmHg.

On physical examination, there was local tenderness and
swelling which was painful during palpation. MRI lumbosa-
cral spine revealed subtle extension into lateral recess at D5
vertebral level abutting spinal cord at this level and hypo-
dense collection in the subcutaneous plane of the posterior

Fig. 1 — (A and B) MRI lumbosacral spine revealed involvement and collection at psoas muscle with edema at T11-L2.
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Fig. 2 — Growth of MTB on L] media.
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chest wall at the level of the upper border of right 3rd to lower
border of 11th rib.

The abscess was drained under the USG guidance and sent
for malignant cytology, bacterial culture, CBNAAT, and AFB
culture. MTB was detected (low) with sensitive to rifampicin in
CBNAAT. Based on CBNAAT, Anti-Tubercular treatment was
started immediately and the remaining sample was processed
for AFB solid and liquid culture as described in case 1. After 4
weeks of incubation, a positive signal was received from BacT/
Alert 3D system for liquid culture, and acid-fast bacilli were
seen in the Z-N stain smear. After 6 weeks of incubation, MTB
colonies were grown on the L-J] medium. MPT-64 was per-
formed from L-J culture-condensation fluid which was also
found positive. Post-treatment patient is improving.

4. Case report 3

A 27- year-old male patient presented to Orthopaedic OPD
with the complaint of back pain which are radiating to the
lower limb for the last 6 months. He had a tingling sensation in
the lower back region. The patient was not able to sit or sleep
for the past 15 days. The patient did not have any history of
trauma or weight loss. On clinical examination, he had a
temperature of 37.7 °C, a pulse rate of 93/min, and blood
pressure of 110/75 mmHg. On physical examination, there
was local tenderness on the lumbar area of the spine. Labo-
ratory blood examination showed results in the normal range.
On physical examination, there was swelling which was
painful during the palpation. MRI lumbosacral spine revealed
involvement and collection at psoas muscle with edema at
T11-L2 (Figure- 1 A and B).

Para spinal abscess aspiration was performed under USG
guidance and the fluid drained was sent for malignant
cytology, bacterial culture, CBNAAT, and AFB culture. MTB
was detected with low rifampicin sensitivity in CBNAAT.
Malignant cytology reported necrotic material and
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Fig. 3 — MPT 64 showing positive band for MTB.
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Table 1 — Case details of all patients.

Details Case 1 Case 2 Case 3
Age 43 years 36 years 27 years

Gender Female Female Male

Affected area of spinal cord D7-D8 3rd to lower border of 11th rib. T11-12

Hb (gm/dL) 8.20 6.60 15.2

TLC (per pL) 7200 6100 8700

Platelet (per uL) 275 x 10° 564 x 10° 391 x 10°

ESR (mm/hr) 32 69 29

CRP (mg/L) 15.2 16.2 11.30

X-Ray Not Detected Not detected Not detected

MRI lumbosacral spine hypodense collection in the MRI lumbosacral spine

Type of Specimen

revealed vertebral changes
and spondylodiscitis with
Para -vertebral masses at D7-D8

Vertebral Tissue

subcutaneous plane of the
posterior chest wall at the

level of the upper border of

right 3rd to lower border of 11th rib
Aspirated Pus

CBNAAT MTB not detected MTB Detected-Low; Rifampicin Sensitive
LPA MTB not detected MTB detected

Z-N Stain AFB not seen AFB not seen

L-J culture MTB- Growth MTB- Growth

Liquid Culture MTB Growth MTB Growth

MPT 64 MTB Detected MTB Detected

Treatment Patients started ATT Patients started ATT

Post Treatment outcome

Patient improved

Patient improved

revealed involvement and
collection at psoas muscle with
edema at T11-1L2

Aspirated Pus

MTB Detected-Low;
Rifampicin Sensitive
MTB detected

AFB not seen

MTB- Growth

MTB Growth

MTB Detected
Patients started ATT
Patient improved

degenerated changes. AFB was not seen in the Z-N stain
smear. Based on CBNAAT, treatment was started and the
remaining sample was processed for AFB solid and liquid
culture as described in case 1. After 5 weeks of incubation, a
positive signal was received from Bact/Alert 3D system for
liquid culture, and acid-fast bacilli were seen in the Z-N stain
smear. After 4 weeks of incubation, MTB colonies were grown
on the L-J] medium (Figure- 2) MPT-64 was performed from
growth on L-J culture-condensation fluid which was found to
be positive (Figure- 3). Post-treatment patient is improving. All
3 patients’ details are mentioned in the Table 1.

5. Discussion

Pott's disease is not very common but can cause significant
morbidity with serious consequences especially in devel-
oping economies. Prompt diagnosis of spinal tuberculosis
remains challenging as compared to pulmonary tuberculosis.
Suspicion of spinal tuberculosis needs to be correlated with
clinical and microbiological investigations to confirm the
diagnosis.?

Spinal Tuberculosis produces nonspecific symptoms with
a slow clinical course, resulting in considerable delays in
diagnosis and subsequent bone or joint damage. Although
any section of the spine might be affected, the lower
thoracic and upper lumbar vertebrae are most commonly
affected. The symptoms of spinal TB are usually gradual,
and the disease progresses slowly. Low-grade fever, agita-
tion, weight loss, back pain, kyphosis, incorrect gait align-
ment, and paraplegia are common symptoms. Atypical
manifestations of spinal TB have been recorded, including
malignancy and fracture.”°

We present three different cases of spinal tuberculosis
with their clinical presentation and challenges in diagnosis.
The most common symptom in all the three cases was back-
ache similar to the presentation shown in a various studies®**
Back pain is the earliest and most common symptom in Pott's
spine which can worsen with activity.

Due to the paucibacillary character of the specimen and the
difficulty in acquiring a deep-seated specimen it is impossible
to obtain multiple specimens for the diagnosis of Pott's spine.
This inability and delay to diagnose and treat infected people
leads to disease spread and impair the prognosis. With few
accessible tests for MTB diagnosis, each with its onset of limi-
tation on diagnosing the disease still remains tough.

Z-N stain, the feasible and highly efficient microbiological
investigation of today often requires a large amount of sample
and hence the chances of missing out on the bacilli remain
high. Smear microscopy has low sensitivity with a range of
0%—40%, negative results cannot exclude the presence of TB."*
In the current case series, we were not able to detect acid-fast
bacilli on direct microscopy of specimen by Z-N stain.

CBNAAT and LPA are rapid molecular tests with good
sensitivity and specificity."”> ** They not only provide rapid
results for MTB detection but also drug susceptibility testing
results for rifampicin alone and in combination with isoniazid
respectively. Both these tests have limitations related to bacilli
load in the specimen exist here as well.

In Case-1, both the rapid molecular tests missed to detect
MTB indicating that LPA is not a complete replacement for
conventional methods of diagnosis as stated by World
Health.”” A positive MTB culture is a gold standard for
detecting active tuberculosis, however it is not widely used in
daily practice due to its time-consuming and laborious nature.
MTB grew on solid culture in all our three cases whereas one
case was undetected using the molecular technique.'®’
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Radiological findings cannot reveal the exact etiology and
may mimic malignancy or fungal nature unless accompanied
by microbiological diagnosis.’®

6. Conclusion

Potts disease is an extrapulmonary manifestation of tubercu-
losis that is difficult to diagnose. Rapid, expensive, and so-
phisticated molecular techniques, can often give false-
negative results so the role of conventional solid culture
cannotbe ruled out. Although taking a long time can be helpful
to start the treatment. Correlation between clinical presenta-
tion and diagnosing method can give an early sign of spine TB
and also helpful to start treatment. Early treatment starting
stop the growth of the disease and prevent rare complications
inthe patients. It canbe considered in the differential diagnosis
for patients presenting with back pain especially when clinical
presentation and imaging findings are suspicious.
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