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Editorial

Changing climate and respiratory diseases

There are lot of evidences that suggest that major changes in

atmosphere and climate have an impact on the biosphere and

human environment. Increased concentration of green house

gases especially carbon dioxide in the earth's atmosphere

have already substantially warned the planet, causing severe

and prolonged heat waves, temperature variability, increased

length and severity of pollen season, air pollution, forest fires,

draughts and the floods, all of which put respiratory health at

risk. Themain diseases of concern are asthma, rhinosinusitis,

chronic obstructive airway diseases and respiratory tract in-

fections including tuberculosis. But the extent to which these

spreads will vary according to the proportion of susceptible

individuals in a given population. Individuals with pre-

existing cardio pulmonary disease are at higher risk of

suffering from climate changes. Areas of greater poverty with

limited access to medical care will suffer more. The other

groups at risk are migratory population and slum dwellers.

Climate change cannot be regarded in isolation as it is a

process which affects to our health and as well as our

surroundings. The Marrakesh Declaration acknowledges

that almost one quarter of the global burden of disease and

approximately 12.6 million deaths each year are attributable

to modifiable environmental factors. It outlines how global,

environmental and social changes, including climate

change, are driving many of these risks and impacting

directly on human health. Making the point directly, it

notes that despite the strengthening evidence of the effects

that environmental and climate risk factors have on health,

the political action and investment currently underway is

not yet at a sufficient scale to address these challenges

globally.1

Changes in climate are reality going to worsen in the

coming years. Climate change causes a massive threat to

respiratory health by directly aggravating the existing respi-

ratory diseases and by increasing exposure to risk factors for

respiratory diseases. Climate change leads to increases in

pollens and allergens produced by each plant, mould prolif-

eration and the concentrations of outdoor ozone and partic-

ulate matter at ground level.

Climate change in form of rising temperatures and heat

waves alone can cause an increase in respiratory deaths,

hospital admissions and the need for management. Extreme

heat and high humidity trigger asthma symptoms. Studies

suggest chronic obstructive pulmonary disease (COPD) pa-

tients are at increased risk of exacerbation and hospitalisation

during periods of high temperature and with an increased

frequency of thunderstorm, asthma epidemics can be

expected.

In addition to direct effect of rising temperatures,

climate change triggers an increased exposure to other

risk factors for respiratory disease like more frequent

flooding will lead to greater dampness, moisture and

mould in indoor spaces causing asthma, allergic rhinitis

and some respiratory infections. Similarly, amplification of

air pollution, in terms of higher levels of ozone, which

reduces lung function is responsible for several respiratory

effects.2

Climate change also leads to extended periods of

different seasons. Adverse health effects are less well un-

derstood and require further research, in particular the ef-

fects of extreme natural phenomena. Of particular

importance are: 1) The lengthening of the pollen season

resulting in exacerbations of allergic respiratory diseases.3

2) The increasing impact of natural particulate matter

from wildfires, desertification and sandstorms, which is less

monitored or not considered at all to date and not taken

into account in evaluating whether particulate matter

concentrations are exceeding standards or not. This will

also be responsible for various health effects beyond the

respiratory system, including cardiovascular, metabolic and

neurodegenerative conditions, as well as premature birth

and cancer. 3) The association between dust storms and the

risk of hospitalisation due to COPD4 and asthma.5 Recent

studies have also shown the same association with pneu-

monia.6 4) The insufficient knowledge base available on the

implications of respiratory infections for respiratory health,

despite vector-borne diseases and infections being amongst

the most well studied of the diseases associated with

climate change.

Greenhouse gas emissions aremainly caused by increasing

population, economic activity, lifestyle and energy use pat-

terns. Combating climate change requires a combination of

mitigation to address the causes and adaptation to address

the impact. Both types of action are necessary and achievable

but are of course not without their challenges and indeed their

challengers.
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We must make certain policy decisions to reduce the pro-

duction of greenhouse gases and decrease air pollution

(including short-life pollutants and pollen) as recognised by

the World Health Organization (WHO). Some 10 years ago, an

Intergovernmental Panel on Climate Change (IPCC) report

outlined technologies and policy measures which, if pursued,

would reduce greenhouse gas levels. In the energy field, the

reduction of fossil fuel subsidies and taxes or carbon charges

on fossil fuels were suggested, while in transport the use of

cleaner diesel, more fuel-efficient vehicle fleets and invest-

ment in public transport and non-motorised transport options

were touted as solutions.

Today, while not widespread, the prioritisation of clean

energy finds and the phasing out fossil fuels is need of the

hour. For example, Canada, France, Germany, The

Netherlands, Austria, Finland and Portugal have already

committed to phasing out coal-fired power plants. Further-

more, Paris, Madrid, Athens and Mexico City have all pledged

to ban diesel cars by 2025. Such kind of efforts, though

episodic or spouse, are also being undertaken in our country

and need to be strengthened by strong political backup.

Adaptation options require dealing with the impact of

climate change. From local heat-health action plans, emer-

gency medical services and improved climate-sensitive dis-

ease surveillance and control to safe water and improved

sanitation, there are numerous ways to improve our

response7. Actions need to be taken to reduce pollution,

inhibiting fassil fuels, popularising clean fuels, providing

clean water and sensitization. These need not only to be done

voluntarily but also legislations should be made to tackle

these issue so as to provide clear environment and climate to

our next generations and avoiding respiratory diseases.
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tuberculosis and rifampicin resistance in pus aspirates
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Tuberculosis (TB) manifests as both pulmonary and extra-
pulmonary tuberculosis. Extrapulmonary tuberculosis (EPTB)
accounts for 10% and 42% of cases of TB.1 In India 10–15% of TB
cases are estimated to have extrapulmonary disease and due
to lack of diagnostic means, they remain untreated with a 25–
50% mortality rate within months. Hence detection of
extrapulmonary tuberculosis (EPTB) becomes extremely im-
portant. In contrast to pulmonary tuberculosis, the diagnosis

of EPTB is still a serious problem and it remains undetected for
a long time in a number of cases. Thepaucibacillary nature and
difficulty in sample collection from deep seated abscesses
makes it a diagnostic challenge. The low bacterial load affects
the sensitivity of acid fast bacilli (AFB) microscopy.2 Prolonged
turnaround time and limited infrastructure in resource
restricted laboratories undermine the utility of culture based
diagnosis.
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a b s t r a c t

Introduction: WHO endorsed Xpert MTB/RIF assay has proven to be rapid with results

obtained within 2 h. The evidence base regarding the use of Xpert MTB/RIF in pulmonary

TB is strong. Relatively few performance data have been published to date on detection of

Mycobacterium tuberculosis in aspirated pus specimens from abscesses.

Objectives: The aim of the study was to determine the sensitivity and specificity of Xpert

MTB/RIF assay for the detection ofM. tuberculosis and rifampicin resistance in aspirated pus

specimens using culture on Lowenstein Jensen (LJ) medium and economic variant of

proportion method (PM) for drug susceptibility testing (DST) as the reference standard.

Results: Xpert MTB/RIF assay in comparison to conventional reference method showed

sensitivity and specificity of 76.19% and 68.75% for detection of M. tuberculosis and 71.4%

and 100% for detection of rifampicin resistance respectively.

Conclusion: The simplicity, sensitivity, speed and automation makes this assay a very

promising diagnostic test for detection of M. tuberculosis and rifampicin resistance in

aspirated pus specimens.

© 2018 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.
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WHO endorsed Xpert MTB/RIF assay based on automated
real time PCR and molecular beacon technology has shown to
have great potential in being rapid with results in 2 h and
requires minimal biosafety facilities.3 A large number of
studies have evaluated the performance of Xpert MTB/RIF in
pulmonary specimens. Recent papers have investigated the
capacity of Xpert MTB/RIF assay to diagnose EPTB of which
some have included aspirated pus specimens but very few
have included significant numbers of pus and some do not
have a separate analysis for pus specimens. Moreover, there is
a paucity of data on evaluation of accuracy of Xpert MTB/RIF in
detecting rifampicin resistance in pus aspirates.

In this study we evaluated the performance of Xpert MTB/
RIF for detection ofM. tuberculosis and rifampicin resistance in
aspiratedpus specimens. The objectiveswere to determine the
sensitivity and specificity of Xpert MTB/RIF assay for the
detection of Mycobacterium tuberculosis and rifampicin resis-
tance in pus specimens using culture on Lowenstein Jensen
(LJ) medium and economic variant of proportion method (PM)
for drug susceptibility testing (DST) as reference.

1. Materials and method

This was a retrospective study conducted from February to
December 2016 on aspirated pus samples of 106 consecutive
patients in a tertiary care hospital in Mumbai. Most of the pus
aspirates were from breast, liver, paravertebral and psoas
abscesses. A minimum two ml of aspirated pus sample were
collected in sterile falcon tubes, which was divided into two
parts. One part was used for smear and culture, and the other
for performing Xpert MTB RIF assay.

Smears were processed by Ziehl Neelsen (ZN) staining and
examined under the light microscope. For inoculation on
Lowenstein Jenson medium (LJ), 0.1 ml sample was used and
incubated at 37 8C. Any growth on LJ was confirmed to be AFB
by ZN stain andwas speciated by growth rate, LJ with paranitro
benzoic acid (PNB), niacin and nitrate tests. Drug Susceptibility
Test (DST) of only the isolates identified as M. tuberculosis was
performed by economic variant of proportion method on LJ
medium.4

The Xpert MTB/RIF assay was performed according to the
manufacturer's instructions (Cepheid, Sunnyvale, CA, USA).
Briefly, sample reagent was added in a 2:1 ratio to 0.5 ml of the
pus specimen. The closed tube was manually agitated two
times during the 15 min incubation period at room tempera-
ture before two ml of the sample reagent mixture was
transferred to Xpert MTB/RIF cartridge. Catridges were
inserted into the Xpert MTB/RIF device and the system
automatically interpreted all results from measured fluores-
cent signals into the following categories:M. tuberculosis (MTB)
detected, MTB not detected or invalid if PCR inhibitors were

detected with amplification failure. Positive results were
measured as low, very low, medium or high depending on
the bacterial load and defined as susceptible or resistant
depending on the detection of mutations in rpoB gene. The
tests were performed by different laboratory staff, thus
blinding the result of the other test.

Statistical analysis included determination of sensitivity,
specificity, positive and negative predictive values. Compari-
son between categorical variables was made by the Fisher's
test, a p value of <0.05 was considered statistically significant.

As this was a retrospective study, Ethics approval was not
required.

2. Results

A total of 106 pus specimens were processed by the method
mentioned in the study. Of these five were excluded from the
study, as three were culture contaminated and two gave
invalid result on Xpert MTB/RIF. Thus the final sample size for
analysis was 101 pus specimens. Of these, 21 (20.7%) were
culture positive for M. tuberculosis.

The sensitivity and specificity of smear were 47.6% and
91.2% respectively and the sameof XpertMTB/RIF for detection
of M. tuberculosis were 76.1% and 68.7% respectively as seen in
Table 1. The sensitivity of Xpert MTB/RIF in smear negative
samples was 72% which was lower than in smear positive
samples (80%) (Table 2).

Phenotypic DST by economic variant of PM was performed
in 21 isolates. Five of the isolates gave invalid results by PM
method andM. tuberculosiswas not detected by Xpert MTB/RIF
in two isolates though valid results were obtained by PM.
Therefore, 14 isolates were analysed for rifampicin resistance
detection as seen in Table 3. Xpert MTB/RIF detected
rifampicin resistance in seven cases of which five were in
agreementwith the PMmethod. The sensitivity and specificity
of rifampicin detection by Xpert MTB/RIF were 71.4% and 100%
respectively as depicted in Table 3.

M. tuberculosis was isolated on LJ medium from 20.79% of
the pus specimens. Out of 21 culture positive pus specimens,
16 gave valid DST results. Multidrug resistant tuberculosis
(MDR-TB) was found in three (18.75%) and four (25%) were
resistant to rifampicin but were sensitive to isoniazid.

Table 1 – Sensitivity and specificity of diagnosis of M. tuberculosis by ZN smear and Xpert MTB/RIF in comparison to culture
(n = 101).

Test Sensitivity 95% CI Specificity 95% CI

ZN smear 47.6 25.7–70.2% 91.2 82.8–96.4%
M. tuberculosis detection by GeneXpert 76.1 52.8–91.7% 68.7 57.4–78.6%

Table 2 – Sensitivity and specificity of diagnosis of M.
tuberculosis by Xpert MTB/RIF in comparison to culture.

GeneXpert sensitivity
Overall 76.1%
Smear positive and culture positive 80
Smear negative and culture positive 72

GeneXpert specificity 68.7%

i n d i a n j o u rn a l o f t u b e r c u l o s i s 6 6 ( 2 0 1 9 ) 4 3 3 – 4 3 6434



3. Discussion

There are enough published literature available on Xpert MTB/
RIF performance in diagnosing TBwith an improvement of the
diagnostic process.5 We evaluated the performance of Xpert
MTB/RIF for detection of M. tuberculosis and rifampicin
resistance in aspirated pus specimens.

The overall sensitivity of Xpert MTB/RIF for detection of M.
tuberculosis in pus was 76.1%. This was similar to findings of
Tortolli et al.,2 and Moure et al.,6 who had analysed pus
samples in their studies and found sensitivities of 85% and
76.5% respectively. In culture positive cases the sensitivity of
Xpert MTB/RIF was 80% in smear positive and 72% in smear
negative cases, which is comparable with Vadwai et al. who
found sensitivities of 95% and 89% in smear positive and
negative respectively. The specificity of M. tuberculosis detec-
tion by Xpert MTB/RIF was 68.7%. Vadwai et al.7 found
specificity of 46% in pus specimenswhen compared to culture.
They had also examined the sensitivity and specificity against
composite reference standard and specificity was found to be
higher. This was the limitation of our study as we had
compared with only conventional solid culture. Sharma et al.
studied 153 cold abscess pus specimens and found the
specificity to be 71% respectively.8 A study by Singh et al.9

showed specificity of 78% for pus specimens. Thus specificity
of MTB detection in pus specimens in our study was
comparable to the Indian studies.7–9

In our study the sensitivity of M. tuberculosis detection by
Xpert MTB/RIF was 76.1% which scored higher than smear
microscopy which was 47.6% when compared to culture on LJ.
Tortolli et al. also found a sensitivity of 48% in smear when
compared to culture.2 Out of 21 culture positive pus samples,
11 (52.31%) were smear negative. Xpert MTB/RIF had detected
M. tuberculosis in 8 (72%) of the smear negative samples. Hence
Xpert MTB/RIF increased detection of M. tuberculosis in smear
negative samples. These 8 cases would have received
treatment only when culture results would have become
available. Xpert MTB/RIF overcame this delay leading to
prompt treatment of the patient, thus reducing poor outcome
and the risk of spread to others. Therefore, Xpert MTB/RIF can
be an invaluable aid to diagnose of EPTB in pus in which
smears are negative. Moreover, for both smear positive and
negative samples providing a rapid screening for rifampicin
resistancemutations wheneverM. tuberculosis is detected, will
help in making appropriate treatment decisions leading to
better clinical outcomes.

In our study, sensitivity and specificity of rifampicin
resistance detection was 71.4% and 100% respectively. The
overall sensitivity and specificity of detection of rifampicin
resistancewere 81.8%and 100%when compared to phenotypic
method in a study by Singh et al.9 It was not possible to
adequately compare the diagnostic accuracy of rifampicin
resistance exclusively in pus as most studies have given the

overall sensitivity and specificity in EPTB specimens and not
for pus separately. In the present study, 2 of the isolates which
were rifampicin resistant by PM were sensitive by Xpert MTB
RIF. The detection of only rifampicin resistance determining
region RRDR mutations by Xpert MTB/RIF misses the resis-
tance determining mutations outside this hotspot. Such
mutations are responsible for 5% of all rifampicin mutations
and that might explain the discordance in the two isolates in
our study. Heteroresistance which is the existence of both
resistant and sensitiveM. tuberculosispopulations can also lead
to false negative and positive results in Xpert MTB/RIF assay.
For detection of drug resistance in such a mixed population,
the rpoB allele responsible for rifampicin resistance should be
present in at least 65% of DNA present in the sample. This also
could explain why rifampicin resistance was detected by PM
and not by Xpert MTB/RIF.

Of the 101 pus specimens included in the study, 20.7%were
culture positive. In an Indian study by Ravindran et al. the
culture positivity was 23.7% in pus aspirates.10 Tortolli et al.
found 23.9% of pus specimens to be positive forM. tuberculosis.
In the present study, Multi Drug resistance (MDR) was found to
be 21.4% and 4 (25%) were resistant to rifampicin but were
sensitive to isoniazid. As mentioned earlier, 2 of these isolates
which were rifampicin resistant by PMwere sensitive by Xpert
MTB/RIF. The other 2 isolates had been reported as resistant by
Xpert MTB\RIF and sensitivity to isoniazid was known only
when the DST resultswere obtained. Thoughwe had not come
across rifampicin sensitive but monoresistance to isoniazid in
the pus aspirates, there has been a study from India where the
authors reported isoniazid monoresistance in rifampicin
susceptible cases.

PCR inhibition leading to invalid test is a major concern
while testing non-respiratory specimens. There were 2 invalid
results by Xpert MTB/RIF and hencewere not taken in the final
analysis. Hence it shows that this issue is of lesser concern in
Xpert MTB/RIF due to the fact that this is a self contained
automated test which requires minimal hands on manipula-
tion leading to lower PCR inhibition rates. As rapid and
accurate case detection is critical for effective treatment,
prevention of transmission of infection choice of the right test
plays a significant role.

4. Conclusion

Xpert MTB/RIF's sensitivity scored higher in comparison with
microscopy, thus increasing the proportion of rapid diagnosis.
In settings with a limited laboratory capacity it may be an
additional tool in detecting tuberculosis in pus aspirates not
detected bymicroscopy. The XpertMTB/RIF assay has shown a
substantial capacity for diagnosis of EPTB from pus aspirates.
This assay with its modest sensitivity and specificity along
with simplicity and rapidity is an useful technology for early

Table 3 – Sensitivity and specificity of rifampicin resistance detection by Xpert MTB/RIF in comparison to economic variant
of Proportion method (n = 14).

Test Sensitivity 95% CI Specificity 95% CI

Rifampicin resistance detection by GeneXpert 71.4 29–96.3% 100 59–100%
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diagnosis of M. tuberculosis and detection of rifampicin
resistant extrapulmonary tuberculosis in pus aspirates.
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Background: Inadequate isolation of patients with active pulmonary tuberculosis causes

exposure whereas over-cautious isolation generates time and cost inefficiencies. This study

aims to ascertain the delays involved in isolating subjects and the importance of risk factors.

Methods and material: Between December 2010 and January 2013, a retrospective analysis of

271 subjects was performed. Information was obtained from discharge letters, radiological

and microbiological results.

Results: The median time taken to isolate subjects was 0 days, and 71.7% were isolated

within 1 day. Most subjects (75.3%) had sputum samples obtained after isolation, of which

14.7% were positive. The median time from admission to first sputum sample was 1 day.

Smear was negative in 174 subjects (85.3%). Country of birth (high or low risk) did not

significantly affect sputum positivity (25.5% vs 19.4%, p = 0.52). Suspicious radiological

findings were noted in 38.6% subjects, and 32.8% had a suspicious clinical history. Subjects

with both clinical and radiological probability hadmore sputumpositivity (46.2%), compared

to subjects who had neither (2.7%).

Conclusion: There are delays with isolation and diagnosis of subjects with a high probability

of tuberculosis. Clinical and radiological probability were more significant in predicting

sputum positivity than country of birth.
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1. Introduction

Tuberculosis is an important disease in Australia in the
context of increasing immigration rates.1,2 In 2014 there were
142 notifications of tuberculosis in Western Australia alone,
corresponding to a rate of 5.5 cases per 100,000 population.3

Numerous studies have detailed that hospital staff are at a
higher risk of acquiring the infection compared to the general
population.4–6

Current guidelines for reducing transmission of TB in
hospitals advise that inpatients with a high probability of
having pulmonary TB should be isolated in negative-pressure
single rooms.7–10 Recommended contact precautions include
high-filter respirators to reduce transmission.7–10 The number
of single rooms suitable for isolating patients varies consider-
ably between hospitals and can pose significant operational
challenges if utilized ineffectively.

Delays in identification and isolation of patients with TB
places staff and patients at risk of infection. The few studies
that have investigated this issue were performed in the 1990s.
Bennet et al. examined delays in consideration of TB and
isolation in 1277 subjects in a multi-centre retrospective
cohort study and found that a hospital with one of the lowest
rates of TB isolation had an outbreak of nosocomialmulti-drug
resistant TB. This led the authors to recommend further
educational efforts on the benefits of early TB identification/
isolation.11 A retrospective study byRao et al. from1988 to 1996
found that delays in the recognition of tuberculosis resulted in
an average of 23.9 health care workers being exposed per
subject with confirmed tuberculosis. Substantial additional
expenditure would have been incurred to evaluate these
workers.12

2. Objectives

The primary objective of this study was to establish the
appropriateness of admission, isolation and de-isolation of
subjects with possible pulmonary tuberculosis. Secondary
objectives were to determine delays in collecting sputum
samples, correlating country of birth, clinical probability and
radiological probability to subsequent sputum positivity.

3. Materials and methods

3.1. Data collection

This study was conducted at an adult tertiary hospital in
Western Australia. Subjects isolated were provided single
rooms with negative-pressure ventilation. Nursing staff
wrote information including the subject's medical record
number (MRN) and period of isolation on cards, which were
displayed on the door of the subject's room. After discharge
or de-isolation, these cards were retained by the Microbiol-
ogy Department. Demographic data, admission and dis-
charge dates and results of sputum smears and cultures
were obtained from the hospital's clinical management
software.

The total number of sputum samples, dates on which
samples were collected, and AFB smear result were obtained
from the medical records. The records were checked at least
eight weeks after the samples to ensure TB cultures were
included. All positive sampleswere analyzedwith Gene-Xpert,
but these results were not relevant to the objectives of study.
Chest X-Ray reports were reviewed for changes consistent
with active PTB.

Sputum samples during a patient's admission were consid-
ered. As there is no consensus on ideal duration between
collection of samples, an arbitrary time of 6 h was used.

The subjects included in the studywere further classified as
possessing one or more of the following risk factors:

� Symptoms at presentation suspicious for TB (e.g. prolonged
cough, night sweats, weight loss, haemoptysis).

� WHO risk profile supportive of diagnosis of TB (according to
country of birth and incidence of TB, defined as ‘‘high risk’’
for countries with incidence of TB cases ≥ 40/100,000
population).13

� Radiological (CXR) findings suggestive of TB.14

3.2. Population selection

Inpatients at RPH between December 2010 and January 2013
who were suspected to have a high enough probability of
pulmonary tuberculosis to be placed in an isolation roomwith
airborne precautionswere included in this study. Patientswho
were in isolation rooms for other conditionswerenot included.

3.3. Ethics approval

This study was approved by the Human Research Ethics
Committee of Royal Perth Hospital, with a waiver for consent
as there was no subject contact required, no intervention was
performed and outcomes for the subjects concerned remained
unchanged.

3.4. Statistical analyses

Statistical analyses were done using SPSS (Version 22) and
Microsoft Excel 2013 (Version 15.0.4535.1507).

4. Results

4.1. Population demographics

The total study population comprised of 271 subjects with 175
males (65%) and 96 females (35%). The median and mean age
was 50 years (range 18–94 years). Two hundred and fifty-two
subjects (93.0%) had a clinical history recorded in the discharge
letter with 219 (86.9%) needing admission based on the clinical
presentation.

4.2. Time to isolation (exposure)

There were 258 subjects with a recorded isolation date and an
admission date. Thirteen subjects were excluded due to either
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a lack of admission data (12) or an unknown isolation date (1).
Although themedian time taken to isolate subjectswas 0 days,
the average was 2.45 days (range of 0–65 days). A few patients
had a prolonged time to isolation, possibly due to delays in
obtaining sputum and not considering pulmonary tuberculo-
sis as the primary diagnosis. The majority (71.7%) of subjects
were isolated within one day (Fig. 1).

Of the 30 subjects (11.1%) who had sputum microscopy that
was positive for AFBs, there was amedian delay in isolation of 0
days,with ameanof 1.7 daysanda range between0and15days.

4.3. Sputum analysis

Sputum samples were obtained in 204 subjects (75.2%), of
which 30 (14.7%) were positive for AFB. At least 3 sputum
samples were collected in 141 subjects (69.1%). Twenty-four
(17.0%) of those had at least one positive sputum sample and
16 (11.3%) had 3 positive sputum samples.

The median time from admission to first sputum sample
was 1 day, with amean of 3.63 days and a range between 0 and
114 days (Fig. 2).

Without considering delay between samples, 141 subjects
had at least 3 sputumsamples collected. A hundred and thirty-
two (93.6%) had 3 sputum samples collected at least 6 h apart,
allowing potential exclusion of TB. The median time taken to
obtain three samples was 4 days, with an average of 6.11 days
and range of 1–25 days.

Of the 30 patients who had positive sputum smears, 28 had
a recorded de-isolation date. Themedian duration of isolation
for these patients was 6.5 days (mean 12, range 1–46).

4.4. De-isolation

A de-isolation date was recorded in 253 subjects (93.4%). The
median time a subject spent in isolation was 5 days, with an
average of 5.77 days and range of 1–30 days. One hundred
and twenty-seven subjects (50.2%) were de-isolated with less
than three (126) or no (1) sputum samples taken during the
admission.

Of the 97 subjects with 3 negative sputum samples taken at
least 6 hours apart, 5 were de-isolated before the third sputum
was sent. The 92 subjects remained isolated after the third
negative sputum for amedianof 2 days,with an average of 2.71
days (range 0–11).

4.5. Country of birth

Country of birth was recorded in 108 subjects (39.9%), with 72
(66.7%) originating from high-risk and 36 (33.3%) from low-risk
countries. High-risk countries were defined by an incidence of
pulmonary tuberculosis of more than 40 per 100,000 of the
population.13 The sputum samples of 14 subjects from the
high-risk country subgroup (25.5% of the subgroup) were
positive.

Six of the 31 subjects (19.4%) from low-risk countries had
positive sputumsamples. Being born in a high-risk country did
not significantly increase the percentage of sputum positivity
(19.4% vs 25.5%, p = 0.52 on Chi-squared test).

4.6. Radiological findings

A CXR was done during admission for 246 (90.8%) subjects and
95 (38.6%) had findings suspicious for pulmonary TB. Two
hundred and four subjects had both a CXR and at least one
sputum sample obtained. Sputum positivity was found in 5 of
the 120 subjects with normal CXRs and 23 of the 84 subjects
with abnormal CXRs (p = 0.000002).

4.7. Clinical probability

Discharge letters were complete for 242 subjects, of which 83
(34.3%) had clinical findings that were consistent with a
diagnosis of pulmonary TB.

Two hundred and two subjects had sputum samples sent.
Sputum positivity was found in 15 of the 133 (11.3%) with no
clinical probability and 14 of the 55 (25.5%) with clinical
probability. There was no significant correlation between
clinical probability and sputum positivity ( p = 0.08).

Twohundred and thirty-sevenhad clinical history recorded
and a CXR done. Positive CXR findings were found in 62 of the
156 subjects (39.7%)with no clinical probability and 32 of the 81
subjects (39.5%) with clinical probability. There was therefore
no significant correlation between clinical probability and
radiological findings (p = 0.97).

4.8. Risk factor analysis

Clinical history and CXR was recorded on admission in 237
subjects (87.5%). Two hundred subjects (84.4%) had sputum
samples collected during the admission, with a total of 27
sputum samples being positive for AFBs. The percentage of

[(Fig._1)TD$FIG]

Fig. 1 – Frequency distribution of the number of days from
admission to isolation.

[(Fig._2)TD$FIG]

Fig. 2 – Frequency distribution of the number of days from
admission to first sputum sample.
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sputum positivity was low without clinical or radiological
probability (2.7%) and high with both clinical and radiological
probability (46.2%) (Tables 1 and 2).

Ninety-nine (36.5%) subjects had data recorded for country
of origin, clinical findings and CXR results. Eighty-five (85.9%) of
these subjects had at least one sputum sample taken during
their admission. Nineteen (22.4%) had at least one positive
sputum. Further analysis was performed on the 85 subjects,
sub-grouped into having some or all of the risk factors (Table 3).
A multivariate logistic regression was performed with odds
ratios revealing an increased risk of a positive sputum with a
positive CXR (OR 5.3), and with clinical suspicion (OR 3.1), but

not with a higher risk of country of birth (OR 1.1) (Table 4). The
time to isolation from admission was no different when taking
into account these other factors (OR 0.95).

5. Discussion

5.1. Isolation delays

Of the 252 patients with a documented history of presenting
complaint on the discharge letter, 219 (86.9%) had clinical
features that necessitated admission and isolation. These
included fever lasting more than 2 weeks, persistent produc-
tive cough, haemoptysis, loss of weight and loss of appetite.
The remaining 33 subjects were admitted for reasons such as
viral symptoms, abnormal CXR on routine screening and
investigation of chronic cough. This suggests that a small
proportion of subjects need not have been admitted, saving
cost and exposure to staff. Furthermore, clinically stable
subjects could have been treated as outpatients at the nearby
TB clinic instead of being admitted. Our study shows that only
32 out of 237 subjects (13.5%) had both clinical and radiological
findings suggestive of pulmonary TB.

The median time taken to isolate a patient was 0 days
(range 0–65 days), suggesting that most subjects, including 30
with positive sputum smears, were isolated almost immedi-
ately. However, delays were present up to 65 days and up to 15
days in a fewpatientswith positive smears, causing significant
risk of exposure. This delay is notable given that 6 subjects out
of the 30 who ultimately tested positive were only isolated
after a positive sputum sample, with an average isolation time
of 2.2 days resulting in significant exposure to staff and the
wider public. Practitionerswho request sputumAFBbasedon a
sufficiently high index of clinical probability of tuberculosis
should initiate isolation precautions concurrently.

Table 1 – Number of subjects born in WHO classified high
risk and low risk countries, number of subjects with
sputum samples available and percentage of subjects
with positive sputum.

Country
of birth

Number
of subjects

Sputum
available

Sputum
positive (%)

Low risk 72 55 14 (25.5%)
High risk 36 31 6 (19.4%)
Total 108 86 20 (23.3%)

Table 2 – Subjects classified according to radiological and
clinical probability with the number and percentage of
positive sputum samples.

Radiological
probability

Clinical
probability

No. of
subjects

Sputum
available

Positive
sputum (%)

N N 94 75 2 (2.7%)
N Y 49 42 2 (4.8%)
Y N 62 57 11 (19.3%)
Y Y 32 26 12 (46.2%)
Total 237 200 27 (13.5%)

Table 3 – Probability of tuberculosis on admission based on clinical probability, radiological probability and country of birth
(WHO risk status), with the number and percentage of positive sputum samples in each group. Low risk is defined by
countries with an incidence of pulmonary tuberculosis of less than 40/100,000 population.

Radiological
probability

Clinical
probability

Subjects per
group (% of total)

Number of subjects
and WHO risk

Subjects with AFB
positive sputum and

WHO risk

Total subjects
with AFB positive

sputum (% of group)

Low risk High risk Low risk High risk

N N 27 (31.8%) 9 18 2 (22.2%) 0 (0%) 2 (7.4%)
N Y 14 (16.5%) 6 8 0 (0%) 2 (25%) 2 (14.3%)
Y N 27 (31.8%) 13 14 2 (15.4%) 4 (28.6%) 6 (22.2%)
Y Y 17 (20.0%) 3 14 2 (66.7%) 7 (50.0%) 9 (52.9%)

Table 4 – Multivariate logistic regression model, demonstrating the odds of having a positive sputum sample with a
positive CXR, higher risk WHO country of birth, clinical suspicion, and delay in isolation.

Estimate Standard error Odds ratio z p 95% Confidence interval
(odds ratio scale)

Lower bound Upper bound

(Intercept) �2.76 0.709 0.063 �3.893 <0.001 0.016 0.254
CXR 1.661 0.638 5.264 2.605 1.509 1.509 18.364
WHO risk category 0.054 0.608 1.055 0.088 0.32 0.32 3.474
Clinical suspicion 1.128 0.58 3.091 1.946 0.992 0.992 9.631
Delay from admission to isolation �0.047 0.11 0.954 �0.43 0.769 0.769 1.183
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Of the 204 subjects (75.3%) had sputum samples, 30 (14.7%)
were positive for AFBs. Of the quarter (24.7%) that did not have
sputum samples taken, subject difficulties or extra-pulmonary
TB (inwhich case the subject neednot have been isolated)may
have been contributing factors. Only half of the subjects
(52.0%) had at least 3 sputum samples analyzed, of which 24
(17%) were positive for AFBs. This is in contrast to guidelines
which require three negative sputum samples in order to
remove isolation precautions.15 With the 253 subjects for
whom both isolation and de-isolation date was available, we
found that most subjects spent 5 days in isolation.

It took a median of 2 days after a third negative sample to
remove isolation precautions. This represents a significant
delay given the median total isolation period of 5 days.
Exposure and cost can be further reduced by encouragingmore
urgent collection of a complete set of sputum samples, which
would allow timelier de-isolation. We suggest that a single
entity (e.g. infection control nurses) oversee isolation of
subjects during an admission and follow-up the same subjects
to ensure accurate record keeping and appropriate follow-up.

5.2. Risk factor analysis

In contrast to commonexpectations, the results do not suggest
that subjects born in high-risk countries have significantly
higher rates of sputum positivity.

Radiological findings on admission resulted in a significant
difference in sputumpositivity. This confirms that radiological
evaluation should play a significant role in the decision to
isolate subjects. Clinical probability from history also in-
creased the percentage of subjects with positive sputum
samples (11.3% vs 25.5%), though not significantly.

Although clinical probability or radiological changes alone
cannot form a guideline, a combination of the two correlates
with an increased rate of sputum positivity in study subjects
(2.7% if neither positive, 46.2% if both positive). As illustrated in
Table 3, WHO risk status did not independently correlate with
radiological probability (p = 0.98), clinical probability (p = 0.28)
or sputum positivity (p = 0.52).

The presence of a suspicious CXR and suspicious clinical
history increased the odds risk of positive sputum, by
approximately 5 and 3 times respectively. These findings are
consistent with previous studies that have demonstrated the
correlation between clinical findings, radiological changes
(such as cavitating upper lobe lesions) and the confirmation of
pulmonary tuberculosis.15–17 However, the risk of having a
positive sputum was no different between patients from low-
risk countries and high-risk countries, which was an unex-
pected finding. This goes against common conception and
protocol suggesting that patients be isolated for possible
pulmonary tuberculosis partly based on country of origin.

Interestingly, the time to isolation from admission was the
same regardless of the risk factors, suggesting the decision to
isolate was largely protocol-driven rather than by the risk
factors mentioned earlier.

5.3. Limitations

The retrospective analysis used had limitations. The use of
discharge summaries for clinical information may have

resulted in misclassification bias if the full clinical impression
had not been recorded. The presence of outpatient investiga-
tions (CXR, sputum samples) that were recorded in the
hospital records may have altered the results.

Furthermore, due to the observational nature of this study,
as well as the limited cohort assessed in a span of 2 years, it is
poorly powered to establish causality between the variables
being studied.

The time difference between admission, isolation and
sputum collection was calculated in number of days rather
than number of hours due to limitations in the software used.
Given lack of data for specific variables in the study, statistical
analyses had to be performed within sub-groups. This
resulted in the exclusion of a number of subjects for each
sub-analysis.

6. Conclusion

Most admissions were appropriate with the majority of
subjects being isolated promptly. However, the study reveals
areas of significant concern, including the finding of TB-
positive patients being isolated after a positive sputum
sample, delays in obtaining sputa, de-isolation without
sufficient sputa samples and unnecessary prolonged isola-
tionof sputum-negative subjects. There is aneed for clear and
complete documentation as well as effective and appropriate
isolation and de-isolation procedures. This requires im-
proved staff education regarding the isolation and manage-
ment of patients with a high probability of pulmonary
tuberculosis.

The results suggest a significant association exists between
clinical and radiological risk and sputum positivity. WHO risk
status classification based on country of birth did not
significantly increase the prevalence of sputum positivity.
However, there is still a significant lack of data in the literature
on this subject. With further multi-centre analyses, a
combination of clinical and radiological risk patterns could
be used to establish standard emergency department guide-
lines for isolating subjects on admission as well as guidelines
for their management thereafter.
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a b s t r a c t

Background: Tuberculosis (TB)is a major killer disease worldwide. It is the ninth leading

cause of death worldwide and the leading cause from a single infectious agent. In India also,

TB kills about 480,000 persons every year and more than 1400 every day. Vision of the

National TB Control Programme is TB-Free India with zero deaths, disease and poverty due

to TB. Specific targets set in the End TB strategy include a 90% reduction in TB deaths and an

80% reduction in TB incidence by 2030, comparedwith 2015. Understanding about real cause

of death is important to plan strategies to further prevent TB deaths. In the above circum-

stances we conducted a study, the objective of which was to find out the cause of deaths

among patients registered in RNTCP unit of Alappuzha district of Kerala, India.

Methods: In RNTCP a patient who died during the course of treatment regardless of cause is

declared as 'Died' due to TB. During the year 2015, 1618 cases were registered in RNTCP of

Alappuzha district of which 90 patients died, showing a case fatality rate of 5.56%. Verbal

autopsy can be considered as an essential public health tool for studying reasonable

estimate of the cause of death at a community level even though not an accurate method

at individual level. As part of the study, we visited the 4 RNTCP units of the district and

collected the address of the TB patients who died in the area. With the help of the field staff

we visited their houses and filled the death audit form of RNTCP along with the additional

details. Verbal autopsy was conducted using WHO verbal autopsy format 2012 with imme-

diate house hold contacts.

Results: Out of 90 deathswhich occurred, three addresses could not be traced and another 15

patient relatives could not be contacted as they migrated out or were not available at their

homes on two visits. Among them, mean age was found to be 62.6 years (SD + 12.9). Males

were 67 (77%) and rest 20 (23%)were females. Cause of death was analysed after Verbal

autopsy for 72 deaths. Among 72 deaths, it was found that 29 (40.3%) had nothing other than

TB, where as cause of death for 13 (18.1%) patients wasmyocardial infarction, 11 (15.3%) had

cancer, 2 (2.8%) stroke and 17 (23.7%) other causes which include bronchiectasis, COPD,

chicken pox, hepatitis, renal failure, and suicide. Only in 35 cases nothing other than TB
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1. Background

Tuberculosis (TB) is a major killer disease worldwide. TB is the
ninth leading cause of death worldwide and the leading cause
from a single infectious agent, ranking above HIV/AIDS.
Worldwide in 2016 there were 10.4 million new cases and
1.67 million deaths.1 TB kills an estimated 480,000 Indians
every year andmore than 1400 every day.Mortality due to TB is
the third leading cause of years of life lost (YLLs), in the
country. For the cohort of treatment experienced patients
registered under the programme in the entire country during
2015, 8% died during the course of treatment.2

Vision of the National TB Control Programme is TB-Free
India with zero deaths, disease and poverty due to TB. For the
period 2016–2035, the national strategies for TB control has
been aligned with WHO's End TB Strategy and the United
Nations' (UN) Sustainable Development Goals (SDGs), which
share a common aim to end the global TB epidemic. Specific
targets set in the End TB strategy include a 90% reduction in TB
deaths and an 80% reduction in TB incidence by 2030,
compared with 2015. National Strategic Plan proposed for
2017–2025 for TB control in India aims to bring down the
mortality due to TB from the current rate of 32/100,000 to less
than 3 per 100,000 by 2025.3

Kerala is a rated as a well performing state as far as RNTCP
is concerned with evidences for a lower level of TB transmis-
sion and drug resistant TB. RNTCP has registered 20969 cases
in Kerala in 2016 with a notification rate of 69/100,000
population. Proportion of HIV cases among TB cases is less
than 1% in the state. The state reported 5% deaths among the
microbiologically confirmed TB cases in 2016. Even though
Standards for Tuberculosis Care in India (STCI) emphasised
the need to audit for all TB deaths, it is not being practised as a
routine measure. Auditing is important to get an idea about
cause of death in TB patients. Understanding about real cause
of death is important to plan strategies to further prevent TB
deaths. In the above circumstances we conducted a study, the
objective of which was to find out the cause of deaths among
patients registered in RNTCP unit of Alappuzha district of
Kerala, India.

2. Methodology

Alappuzha is a coastal district of Kerala with a population of
2.12 million. RNTCP is in place since 2003 and the District TB
control programme comprises of District TB Centre (DTC), Sub-
district-TB Unit (TU), and Peripheral Health Institutions (PHIs).

There are four TUs in the district, each comprising of 18–23
PHIs. The private sector comprises of private clinics run by
single practitioners and polyclinics or hospitals with multi-
specialty services.

In RNTCP a patientwho died during the course of treatment
regardless of cause is declared as 'Died' due to TB. During the
year 2015, 1618 cases were registered in RNTCP of Alappuzha
district of which 90 patients died, showing a case fatality rate
of 5.56%. Proportion of deaths among TB patients who were
registered for treatment under RNTCP in Alappuzha district in
2015 were as follows. New sputumpositive – 5.8% (42/729, new
sputum negative – 4.7% (17/360), new extra pulmonary – 4.6%
(16/344), Category II – 8.3% (11/132) and others – 7.5% (4/53) –
those who have previously been treated for TB but whose
outcome is unknown or undocumented.

Verbal autopsy is a systematic approach for determining
cause of death in population without routine medical
certification.4 It can be considered as an essential public
health tool for studying reasonable estimate of the cause of
death at a community level even though not an accurate
method at individual level. Verbal autopsy ascertain the cause
of a death based on an interview with next of kin or other
caregivers. This is done using a standardised questionnaire
that elicits information on signs, symptoms, medical history
and circumstances preceding death. The cause of death, or the
sequence of events that led to death, are assigned based on the
data collected by a questionnaire and any other available
information.4

As part of the study, we visited the 4 RNTCP units of the
district and collected the address of the TB patients who died
in the area. With the help of the field staff we visited their
houses and filled the death audit formof RNTCP alongwith the
additional details. Records including treatment details and
death certificates were verified. Verbal autopsy was conducted
with immediate household contacts. WHO verbal autopsy
format 2012 was used.4 The questionnaire had three versions,
one for neonates, one for children and one for adults. In our
study, as all the deaths were in adults, we used only the adult
version. It has different sections to assess the socio-demo-
graphic characteristics of the deceased, symptoms and signs
experienced before death, history of accidents, place of death
and available health records. There is also open-ended
question on the circumstances of death. Other factors like
regularity of treatment, history of any default, personal history
like smoking, alcoholism, history of co-morbidities like
diabetes, HIV, lung cancer, etc. were also asked for using a
pretested questionnaire. The details were discussed among
the investigators on a case-to-case basis before assigning the

could be suggested as a cause of death. Thus in 52 out of 87 (60%) cases, the causes of death

were diseases other than TB.

Conclusion: Among the TB deaths in Alappuzha district, 60% of deaths were due to diseases

other than TB. Along with early diagnosis of all TB cases, screening for co-morbidity,

appropriate management of co-morbidity and periodic clinical review of TB patients should

also be part of the major strategies to prevent TB related deaths.

© 2018 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.
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final cause of death. Data was entered in Microsoft Excel and
analysed using SPSS version 16 software. Qualitative variables
were analysed using percentages and proportions and
quantitative variables using mean and SD.

3. Results

Total TB deaths reported among patients registered under
RNTCP in Alappuzha district during the year 2015 were 90.
Among them, three addresses could not be traced and another
15 patient relatives could not be contacted as they migrated
out or were not available at their homes on two visits.

Socio-demographic characteristics are given in Table 1. Of
the total 87 patients who died, 5 (5.7%) were less than 40 years
of age, 30 (34.5%) between 41 and 60 years and 52 (59.8%) were
above 60 years of age. Mean agewas found to be 62.6 years (SD
� 12.9). Males were 67 (77%) and rest 20 (23%) were females.
Mean age in males was 62.5 years (SD � 12.1) and mean age in
females was 63 years (SD � 15.6). When education status was
taken, only 2.8% were degree holders and the remaining had
education below that. Majority (52.8%) weremanual labourers.
In this study 53 (60.9%) were smokers, 45 (51.7%) were
alcoholics and 2 (2.3%) were drug abusers. Ten (11.5%) had
history of contact with TB patients and the rest had no known
contact.

Considering clinical characteristics, out of 87 patients, 13
(14.9%) presented within 2 months of developing symptoms,
34 (39.1%) presented between 3 and 6 months, 25 (28.7%)
between 7 and 12 months and 15 (17.2%) of them presented
only after one year. In the study, it was found that 71 (81.6%)
were taking Category I treatment, 14 (16.1%) Category II and 2
(2.3%) Category IV treatment. It was observed that categoriza-

tionwas correct for all except one. Of the 14 patients whowere
categorised as Category II, 9 (10.3%) had relapse, 3 (3.4%) were
defaulters and 2 (2.3%) had history of treatment failure. It was
noted that 65 (74.7%) had pulmonary TB whereas 22 (25.3%)
had extra pulmonary TB, of which 11 had pleural effusion, 3
had TB spine, 2 each had bone, miliary and intestinal TB and 1
each had meningeal and pericardial TB.

AFB smear finding showed 53 (60.9%) were positive and 34
(39.1%) were negative. Of those who were sputum positive, 8
(9.2%) had scanty, 24 (27.6%) had 1+, 7 (8%) had 2+ and 14
(16.1%) had 3+ bacilli. Repeat sputum at 2months was positive
for 9 (10.3%) patients and negative for 21 (24.1%), where as 52
patients (59.8%) died before that and not done for 5 (5.7%)
patient. 52 patients (59.8%) died before two months of
treatment (Intensive Phase) and 35 (40.2%) died after two
months of treatment (Continuation Phase).Meandurationwas
found to be 2.53 months (SD � 1.87). Median duration was
found to be 2.0 months.

Regarding co-morbidities, 34 (39%) had diabetesmellitus, 16
(18.4%) had COPD, and 1 patient (1.1%) suffered from HIV
infection. Cause of deathwas analysed after verbal autopsy for
72 deaths. Among 72 deaths, it was found that 29 (40.3%) had
nothing other than TB, where as cause of death for 13 (18.1%)
patients was myocardial infarction, 11 (15.3%) had cancer, 2
(2.8%) stroke and 17 (23.7%) other causes which include
bronchiectasis, COPD, chicken pox, hepatitis, renal failure, and
suicide. Cause of deathwas analysed for sputumpositives (41),
sputum negatives (12) and extra pulmonary (19) cases
separately. For 15 patients, whose near relatives could not
be traced, case recordswere used to find out the cause of death
details and are shown in Table 2.

Three patients died due to hepatitis during treatment for
TB, of which one patient had miliary TB who was also an
alcoholic, another patient was alcoholic developed hepatitis
after 5 months of ATT, one patient was a non-alcoholic but
developed portal hypertension during treatment. All the
patients who died due to renal failure had diabetes and were
diagnosed with kidney disease before the initiation of anti TB
treatment (Table 3).

4. Discussion

In Alappuzha district, the case fatality rate of TB was found to
be 5.56%. A study done in Andhra Pradesh by Jonnalegade
et al. had shown that 6% of patients registered in RNTCP died
during treatment.5 Case fatality rate was more among those
had previously treated for TB and lower in those with
extrapulmonary TB. In our study, 53 out of 87 (60.9%) were
sputum positive. But the study conducted by Mukherjee et al.
at West Bengal had shown that deaths were more in new
smear negative patients when compared to new smear
positive patients.6 Regarding age of cases of death from TB,
a study conducted by Yamamura et al. in Brazil observed that
the younger individuals had TB as a cause associated with
death.7 But in our study 62%were above the age of 60 years (54
out of 87 deaths). A study conducted in Valliyur TU of Tamil
Nadu by Kolappan et al. had shown that case fatality rate was
20.4% and was more in patients on Category II regimen,
treatment failures and defaulters.8 The excess general

Table 1 – Socio-demographic characteristics of study
population.

Variable Sputum +ve Sputum �ve Extrapulmonary

Age
<60 years 21 (63.6) 5 (15.1) 7 (21.2)
≥60 years 32 (59.3) 8 (14.8) 14 (25.9)

Sex
Male 47 (70) 9 (13.4) 11 (16.4)
Female 6 (11.3) 4 (30.8) 10 (47.6)

Category I 41 (56.9) 11 (15.3) 20 (27.8)
II 10 (76.9) 2 (15.3) 1 (7.7)
IV 2 (100) 0 0
Smoker
Yes 38 (71.7) 8 (15.1) 7 (13.2)
No 15 (44.1) 5 (14.7) 14 (41.2)

Alcoholic
Yes 32 (71.1) 6 (13.3) 7 (15.6)
No 21 (50) 7 (16.7) 14 (33.3)

Co-morbidities
Nil 26 (61.9) 6 (14.3) 10 (23.8)
DM 15 (53.6) 5 (17.9) 8 (28.6)
COPD 8 (80) 2 (20) 0
DM + COPD 4 (66.7) 0 2 (33.3)
HIV 0 0 1 (4.8)

TRT duration
≤2months 31 (59.6) 10 (19.2) 11 (21.2)
>2 months 22 (62.9) 3 (8.6) 10 (28.6)
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mortality for the cohort expressed as SMRwas 4.2 (95% CI 3.9–
4.5). Kolappan et al. conducted another study at Corporation
clinics of Chennai and found that themortality rate among TB
patients was 60 per 1000 person years.9 The excess general
mortality expressed as SMR was 6.1. younger patients, males,
those with Category II disease, alcoholics, smokers, defaul-
ters, failure cases, etc. had higher mortality rates when
compared to the rest of the cohort. Rao et al. conducted a
study in Nagpur city and found that the overall mortality rate
for a period of 20 years from 1957 to 1976 was 92.1 per 1 lakh
population.10 Of the total, 32.8% had extra pulmonary TB,

18.6% had TBmeningitis, 9.2% had TB intestine and abdomen,
1% had bone TB.

Gajalakshmi et al. conducted a study in Tamil Nadu and
found that smoking which increase the incidence of clinical
TB was the cause of half the male TB deaths in india.11 In our
study also 60% were smokers. A study conducted by
Abhayneh et al. in Ethiopia showed a case fatality rate of
7.4% and also reported that 56.7% of deaths occurred during
intensive phase of treatment and median time of death as 2
months.12 In the present study also, 59% died in the intensive
phase of treatment and the median time of death was 2
months. A study was conducted by Lee et al. in Korea and
found that 56% of 36 early deaths were due to TB related
causes, where as 84% of 38 late deaths were due to TB-
unrelated causes.13 In the present study only 40% of the total
deaths were due to TB alone and the rest 60% had causes
other than TB at the time of death.

Regarding cause of death it was found that out of 87 deaths,
36 were non-communicable disease related deaths which
included myocardial infarction, stroke, cancers, etc. Four
patients had lung related causes, three each had hepatitis
and renal failure. Two patients committed suicide. One each
suffered fromHIV infection, chicken pox and cellulitis. Only in
35 cases nothing other thanTB could be suggested as a cause of
death. Thus in 52 out of 87 (60%) cases, the causes of death
were diseases other than TB.

Analysis of causes of death of TB patients points to causes
other than TB in approximately 60% of cases. These are,
complications of diabetes, cardiovascular diseases, malignan-
cies, liver and kidney failures, COPD, immune suppression, etc.
Presently, screening for HIV and diabetes is a part of TB
management policy in the state. However, screening for other
co-morbidities are yet to start. All diagnosed TB patients are to
be clinically screened for COPD, kidney and liver diseases, and
other co-morbidities. This also highlights the need for

Table 2 – Cause of death in patients during treatment for tuberculosis.

Cause of death Smear positive Smear negative Extrapulmonary Total

Verbal
autopsy + case

records
n = 41

Case
records
alone
n = 12

Verbal
autopsy + case

records
n = 12

Case
records
alone
n = 2

Verbal
autopsy + case

records
n = 19

Case
records
alone
n = 1

n = 87

NCD related Myocardial infarction 9 4 2 0 2 0 17
Cerebrovascular accident 2 0 0 0 0 0 2
Diabetic ketoacidosis 0 0 0 0 1 0 1
Aortic aneurysm rupture 1 0 0 0 0 0 1
Cancer lung 2 2 5 1 2 1 13
Ca pancreas 0 0 0 0 1 0 1
Ca larynx 0 0 1 0 0 0 1

Infections related TB alone 19 5 2 0 9 0 35
HIV 0 0 0 0 1 0 1
DVT + cellulitis 0 0 0 0 1 0 1
Chicken pox 1 0 0 0 0 0 1

Gastro intestinal
related

Haematemesis 1 0 0 0 0 0 1

Hepatitis 3 0 0 0 0 0 3
Renal related Renal failure 1 0 0 0 2 0 3
Lung related COPD 0 1 1 1 0 0 3

Bronchiectasis 0 0 1 0 0 0 1
Suicide 2 0 0 0 0 0 2

Total 53 14 20 87

Table 3 – Socio-demographic and clinical characteristics
of patients and cause of death.

TB alone as a cause of death
N = 35

Other causes
N = 52

Age
<60 12 (33.4) 21 (63.6)
≥60 23 (42.6) 31 (57.4)

Sex
Male 27 (40.3) 40 (59.7)
Female 8 (40) 12 (60)

Category
I 25 (34.7) 47 (65.3)
II 10 (76.9) 3 (23.1)
IV 0 2 (100%)

Smokers 23 (43.4) 30 (56.6)
Alcoholics 18 (40) 27 (60)
Co-morbidities
DM 10 (35.7) 18 (64.3)
COPD 5 (50) 5 (50)
DM + COPD 3 (50) 3 (50)
HIV 0 1 (100%)

Duration of treatment
≤2 months 23 (44.2) 29 (55.8)
>2 months 12 (34.3) 23 (65.7)
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clinically reviewing the TB patients periodically to find out any
co-morbidities and treat them. Comprehensive assessment of
patients at diagnosis is needed to identify any red flag features
which may indicate higher risk of complications including
death. Death audits to be conducted for all TB deaths and
actual causes have to be documented in the case based routine
surveillance system.

Strength of the study included using a standardised tool
and method to assess the cause of death by visiting all the
patients in the community setting. Information has not been
collected for cases outside RNTCP programme. The study has
got important public health implications, by revealing the real
causes of deaths and contributing factors among people who
died due to TB.

To summarise, among the TB deaths in Alappuzha district,
60% of deaths were due to diseases other than TB. Along with
early diagnosis of all TB cases, screening for co-morbidity,
appropriatemanagement of co-morbidity and periodic clinical
review of TB patients should also be part of the major
strategies to prevent TB related deaths.
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a b s t r a c t

Background: In 2017, India accounted for 27 percent of the global burden on tuberculosis,

and the highest among the top 30 countries with high TB burden. Despite the expansion of

DOTS programmemany households in India incur high expenditure towards TB treatment.

Most of the studies in India have focused on measuring catastrophic health expenditure on

TB. Catastrophic health expenditure and its impoverishment effects are difficult to

calculate and may misrepresent economic hardship.

Methods: This paper uses hardship financing, i.e. when a household sells assets or bor-

rows money on interest to pay for healthcare expenditure, as an indicator of the

hardship of the family when it spends on TB treatment using NSSO 71st Round 2014

data.

Results: Using the NSSO national representative sample, the paper estimated that 26.7% of

hospitalized cases and 3.5% percent of patients utilising outpatient care experience hard-

ship financing due to TB in the country. 25.9% of the general population had to sell assets or

used borrowings for financing TB hospitalization expenses. Education of head of house-

hold, income, type of health facility used, and number of hospitalized days were found to

be significant factors influencing hardship financing.

Conclusion: Our study highlights that even with free care for tuberculosis, 21.3% were

exposed to hardship financing, suggesting the need to re-look at the subsidy coverage of

tuberculosis treatment in the country. The study also suggests the use of hardship

financing as an alternative to catastrophic spending method as a index of effectiveness of

tuberculosis control programme in the country.
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1. Introduction

As per the WHO Global Tuberculosis Report 2018,1 approxi-

mately 10 million persons developed tuberculosis in 2017

worldwide (Men: 5.8 million; Women:3.2 million 1.0 million

children). Two-third of these cases occurred in India, China,

Indonesia, Nigeria, Pakistan and South Africa. India alone

accounted for 27 percent of the global burden in 2017 and

being the highest among the top 30 countries with high TB

burden in the world.1 In 2015, it has been estimated that 2.8

million new cases of TB were found in India. The TB mortality

has increased from 2.2 lakhs in 2014 to 4.8 lakhs in 2017, and

the annual incidence ofMulti Drug Resistant (MDR) TB in India

was 1.3 lakhs.2

The Revised National TB Control Programme (RNTCP) was

formally launched in 1997, and expanded in a phased manner

to all districts in the country by 2006.3 The RNTCP adopted the

internationally recommended Directly Observed Treatment

Short Course (DOTS) strategy based on five principles: political

and administrative commitment; good-quality diagnosis;

uninterrupted supply of quality drugs; directly observed

treatment (DOT); and systematic monitoring and account-

ability.4 Using Bayesian evidence synthesis framework, it was

estimated that, from 1997 to 2016, RNTCP has saved 7.75

million lives (95% Bayesian credible interval 6.29e8.82

million).5

Despite the DOTS, there is evidence that patients with TB

symptoms often begin seeking advice in the informal private

sector (chemists and unqualified practitioners), then seek care

from qualified practitioners, and eventually end up in the

public sector for free treatment.6 A systematic review of

tuberculosis care in India revealed that 48% of pulmonary TB

and chest symptomatic first visited private/informal sectors.

About three healthcare providers (HCPs) were consulted

before reaching a diagnosis.7 Private sector is also known to

prescribe twice the amount of anti-TB drugs compared to the

public sector.8 Currently, 261 medical colleges, 150 corporate

health units, 2946 NGOs and more than 18,000 private prac-

titioners (PP) are involved in provision of RNTCP services, with

the intensified Indian Medical Association public-private mix

(IMA PPM) project being undertaken in 167 districts of 6 states.

Tuberculosis affects the most productive age group and

thus causes enormous social and economic burden on the

family and the society. It was observed that despite free

diagnosis and treatment by government under the Revised

National Tuberculosis Control Programme (RNTCP), the cost

of TB to patients and their families is considerable. Direct

costs include transportation, and in the private sector, diag-

nosis and medical treatment, and indirect costs include work

lost or school missed for children. A 2018 study stated that

69% of patients undergoing treatment in the public health

system spent half the average monthly individual income

($39.74, 2017 rates) in South India [9]. Most of the studies

reporting economic burden of TB have reported that the ma-

jority of costs incur during pre-diagnosis and the intensive

phase of treatment.9e11

In India, where majority of healthcare expenditure is out-

of-pocket, the sources of financing are: paying from current

income or savings, borrowing with zero interest (e.g. from

family and friends), and borrowing with interest or selling

assets. The sale of assets or borrowing money with interest

entails additional costs, such as depletion of assets or inter-

est.12,13 Selling of assets may lead to costs, such as losses

when assets are sold at less than optimum price or future

income loss due to the sale of income-generating assets (like

land or livestock). In this article, we assess the exposure of

hardship financing that a household faces as a consequence of

healthcare expenditure due to TB. This is in line with notions

put forward by many recent studies.13e16 We used the defi-

nition as described in John (2017),14 Binnedjik (2012),13 Vyas &

Kummaranayake, 2006,17 that ‘a household selling assets or

borrowing money with interest from bank, microfinance

institution or moneylender, was exposed to hardship

financing’.

The End TB strategy recommends measuring catastrophic

costs incurred when the total costs exceed 20% of the annual

household income.18 Most of the studies in India have focused

on measuring catastrophic health expenditure on

TB.19e21.However, catastrophic health expenditure and

impoverishment are difficult to calculate and may misrepre-

sent economic hardship, and an indicator such as hardship

financing would be a more accurate indicator that captures

the hardship of the family when it spends on healthcare.22

With this backdrop, the present study estimates the out-of-

pocket expenditure and exposure to hardship financing due

to TB in India.

2. Study setting, data and methods

2.1. Data source and sample size

Data related to morbidity, health expenditure and sources of

financing was retrieved from nationally representative survey

data collected by the National Sample Survey Organisation

(NSSO 71st round) during January to June 2014 on ‘Social

Consumption and Health in India’.23 NSSO is a national or-

ganization under theMinistry of Statistics, established in 1950

to regularly conduct surveys and provide useful statistics on

socio-economic status of households, demography, health,

industries, agriculture, consumer expenditure, etc. NSSO 71st

round survey covered 36 states/union territories 4577 villages,

3720 urban blocks and 65 932 households (36480 household in

rural and 29452 household in urban). A total, 333 104 persons

were interviewed. A stratifiedmultistage sampling designwas

adopted. The details of the sampling weights as well as

extensive information on survey design, data collection, and

management procedures are described in the NSS report.23

The survey provides information about OOP health ex-

penditures inpatient and outpatient care along with the

various sources of financing. The sources of financing are

classified as follows: (1) own income and savings, (2) borrow-

ings (with or without interest), (3) resources from sale of as-

sets, (4) contributions or assistance from friends and relatives

(with or without repayment). The survey manual does not

clarify whether the borrowings are with or without interest.

Similar to approach mentioned in Joe (2015),24 we have

assumed here that borrowingsmay bemostlywith repayment

and with interest.
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2.2. Outcome variables

The outcome variables for this study is mean out of pocket

expenditure (OOPE) and sources of health financing for TB.

1. Direct Medical costs: Doctor's/surgeon's fee, Medicines,

Diagnostic tests, Bed charges

2. Indirect medical expenses: Attendant charges, physio-

therapy, personal medical appliances, blood, oxygen, etc.

3. Non-Medical expenditure: Transport for patient

4. Productivity loss: Due to foregone earnings emanating

from lost days of work. For the productive work days lost,

the analysis was restricted to adults only.

5. Sources of health financing for TB: The money may be

spent from household income/savings, sale of cattle or

draught animals, jewelry or other physical assets, financed

by borrowing and contributed by friends and relatives as

outright assistance and other sources.

6. Hardship financing: Hardship financing is defined as a

situation when a household has to borrow money with

Table 1 e Profile of tuberculosis-affected individuals by their selected socioeconomic and demographic characteristics.

Background characteristics Hospitalization Outpatient care

Sample Percentage Sample Percentage

Individuals characteristics

Age (in years)

0e14 55 12.78 33 11.71

15e35 158 31.52 101 35.67

36e59 201 34.36 106 42.12

60 and above 115 21.34 56 10.49

Education

Illiterate 214 48.52 143 62.12

Up to Primary 141 27.02 58 21.26

Middle 73 10.86 37 7.27

Secondary and above 101 13.60 58 9.35

Gender

Male 384 63.79 191 61.16

Female 226 36.21 107 38.84

Marital Status

Never married 134 25.76 80 23.58

Currently married 339 61.06 181 70.58

Others 56 13.18 35 5.84

Household characteristics

Religion

Hindu 485 81.51 226 81.61

Muslim 66 14.68 42 13.17

Others 59 3.81 30 5.22

Caste

ST 106 10.76 44 9.24

SC 143 23.79 78 18.27

OBC 231 41.10 114 60.03

Others 130 24.35 62 12.46

MPCE quintile

Poorest 123 17.57 21 15.66

Poorer 139 19.33 56 21.43

Middle 115 25.35 49 15.30

Richer 98 16.56 69 20.81

Richest 135 21.19 103 26.80

Community characteristics

Place of residence

Rural 412 71.19 198 83.30

Urban 198 28.81 100 16.70

Region

North 90 13.12 41 11.48

Central 152 22.81 78 29.38

East 141 29.99 57 32.27

Northeast 54 1.95 20 1.42

West 69 9.94 42 10.41

South 79 20.28 49 13.81

Union Territories 25 1.91 08 1.22

India 610 100 289 100

Note: All ‘n’ are unweighted. Total may not be equal due to some missing cases.
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interest or to sell assets to pay out-of-pocket healthcare

costs. For present study, hardship financing is defined as a

situation when a household has to borrowmoney or to sell

assets to pay out-of-pocket healthcare costs.

2.3. Explanatory variables

The independent variables included in the analysis are age of

persons, education of persons, sex of person, marital status,

religion, social group, wealth quintile, level of care, type of

ward duration of stay in hospital, place of residence and re-

gions of residence.

2.4. Analytical approach

Univariate analyses were conducted to identify the significant

variables. In the firstpart of the analysis, estimation of out of

pocket expenditure is calculated separately for hospitalization

treatment and outpatient treatment by selected background

characteristics and productivity loss. In the second step of the

analysis, a multilevel regression model was fitted with three

levels, individual/household (level 1), community (level 2), and

state (level 3), to assess the influence of individual/household,

community and state factors (fixed effects) on proportion of

total household expenditure for treatment of tuberculosis

[106e108]. The predictor variables were screened for multi-

collinearity. Variables with a Variance inflation factor (VIF)

more than 10were not included in themultilevelmodel. In the

third step of analysis theMultivariate analysis was carried out

to know the socio-economic differentials on hardship

financing. In the fourth step of the analysis a logistic regres-

sion analysis was carried out to estimate the adjusted effects

of selected covariates on hardship financing. To take into ac-

count the survey design (i.e. sampling weights with clustering

and strata) while estimating bivariate and multivariate sta-

tistics, the SVY command was used in STATA.

3. Results

3.1. Profile of tuberculosis-affected individuals

Table 1 presents the description of tuberculosis-affected in-

dividuals by their selected socioeconomic and demographic

characteristics in India categorized into utilising hospitali-

zation and outpatient care. Males are affected more

compared to females, with 36e59 years age group being more

affected compared to other age groups. With respect to

educational attainment, 48.5% (95% CI: 38.2e59.0) of hospi-

talised, and 62.1% (95% CI: 47.7e74.7) of outpatients were

illiterate. Majority of those affected with TB resided in rural

areas.

3.2. Health facility utilization and duration of hospital
stay for TB care in India

51% of patients utilized private healthcare facilities for

their outpatient care, compared to 36% utilising public

hospitals for hospitalized care. Around half of the hospi-

talised cases received free treatment (57.9%, 95% CI:

48.7e66.5). Around 35.9% (95% CI: 29.2e43.3 of patients had

length of stay in hospital for up to 5 days, and 37.4% (95%

CI: 28.3e47.5) with length of stay of 6e10 days. Over 8.5%

(95% CI: 5.9e12.1) patients had length of stay of 21 days or

more in hospitals (Table 2).

3.3. Out-of-pocket expenditure on TB care in India

Table 3 presents the average direct medical, non-medical, and

transportation cost incurred on outpatient care and hospi-

talization by selected socioeconomic and demographic char-

acteristics in India. Patients in the age group 36e59 years

spendmore for hospitalization and outpatient care (₹18213.60
and ₹902.20) as compared to the younger (and older age group.

The treatment cost did not differ much between males and

females. Patients belonging to other castes who are socially

advantaged spent more on hospitalization (₹15474.80) as

compared to SC/ST/OBC, whereas for outpatient care ST pa-

tients spent the highest (₹1173.90). Personswho attend private

hospitals spent three times more on hospitalization, and

twice more for outpatient care as, compared to those who

attend public hospitals. Urban households spent higher

amounts than their rural counterparts on both hospitalization

and outpatient care. Patients in special wards spent eight

times higher than patients utilising treatment in free wards of

public hospitals.

Table 2 e Health facility utilisation indicators for TB care.

Type of facility Hospitalisation Outpatient care

Sample Percentage 95% CI Sample Percentage 95% CI

PHC/dispensary/CHC/mobile medical unit 33 6.41 [03.00e13.19] 32 12.87 [5.06e29.04]

Public hospital 346 56.86 [48.50e64.84] 126 35.23 [21.51e51.91]

Private hospital 231 36.73 [28.89e45.34] 128 51.90 [35.83e67.59]

Type of ward

Free 355 57.85 [48.65e66.54] e e e

Paying general 227 38.57 [30.20e47.67] e e e

Paying special 28 3.58 [01.90e06.64] e e e

Duration of stay in hospital

Up to 5 days 236 35.96 [29.25e43.27] e e e

6e10 days 186 37.39 [28.29e47.48] e e e

11e20 days 112 18.17 [12.99e24.82] e e e

21 and above 76 8.48 [5.88e12.08] e e e

i n d i a n j o u r n a l o f t u b e r c u l o s i s 6 6 ( 2 0 1 9 ) 4 4 8e4 6 0 451

https://doi.org/10.1016/j.ijtb.2019.02.016
https://doi.org/10.1016/j.ijtb.2019.02.016


Table 3 e Direct and Indirect cost of illness on tuberculosis by selected socioeconomic and demographic characteristics.

Hospitalisation (amount in ₹) Outpatient care (amount in ₹)

Direct
medical

Non-medical
expenses

Transport for
patient

Average number of
workdays lost

Total
OOP

Reimbursed by
insurance

Net
OOP

Direct
medical

Non-medical
expenses

Transport for
patient

Total

Individuals characteristics

Age (in years)

00e14 10998.20 1732.80 277.40 9.10 13008.40 0.00 13008.40 242.20 109.20 88.90 440.30

15e35 10069.40 1439.60 504.50 9.60 12013.50 38.00 11975.50 663.50 71.90 119.70 855.10

36e59 15997.20 1653.30 563.10 10.00 18213.60 12.20 18201.40 500.40 277.10 124.70 902.20

60 and above 9649.80 1209.40 618.60 12.80 11477.80 17.40 11460.40 622.50 86.00 77.70 786.20

Education

Illiterate 9245.50 1314.50 399.90 10.00 10959.90 15.40 10944.50 487.20 100.90 98.00 686.10

Up to Primary 11961.90 1629.10 466.80 11.30 14057.80 9.70 14048.10 271.80 82.80 96.20 450.80

Middle 13830.10 2049.10 937.80 9.40 16817.00 72.00 16745.00 1686.70 634.70 192.50 2513.90

Secondary and above 19692.70 1611.00 722.90 10.60 22026.60 14.50 22012.10 977.30 157.30 150.10 1284.70

Gender

Male 12979.70 1715.90 584.20 11.00 15279.80 19.90 15259.90 471.80 117.40 102.70 691.90

Female 11080.10 1469.20 587.10 9.20 13136.40 13.50 13122.90 622.10 137.70 140.90 900.70

Marital Status

Never married 12787.70 1823.70 523.20 10.10 15134.60 31.50 15103.10 536.60 136.30 120.20 793.10

Currently married 11883.90 1349.40 483.60 10.20 13716.90 17.50 13699.40 542.70 128.40 116.90 788.00

Others 10510.30 1599.60 677.70 11.60 12787.60 8.30 12779.30 386.60 91.80 73.30 551.70

Household characteristics

Religion

Hindu 12701.90 1738.00 618.10 10.40 15058.00 8.70 15049.30 460.00 119.10 94.80 673.90

Muslim 8865.80 1040.00 438.70 9.50 10344.50 0.00 10344.50 1052.10 159.50 192.80 1404.40

Others 17443.60 1548.60 421.60 11.70 19413.80 274.00 19139.80 448.30 93.70 120.80 662.80

Caste

ST 11504.50 1843.40 872.90 15.50 14220.80 126.50 14094.30 283.50 57.10 141.70 482.30

SC 7858.20 1515.60 503.40 9.60 9877.20 0.00 9877.20 520.40 162.10 94.70 777.20

OBC 14039.90 1842.60 615.70 10.40 16498.20 8.30 16489.90 508.50 128.50 86.60 723.60

Others 13721.90 1264.70 490.30 8.80 15476.90 2.10 15474.80 812.60 141.10 220.20 1173.90

MPCE quintile

Poorest 9923.20 1304.80 547.60 9.20 11775.60 18.10 11757.50 379.70 69.60 85.50 534.80

Poorer 13021.30 1826.10 788.30 10.90 15635.70 0.00 15635.70 654.40 176.70 134.30 965.40

Middle 7808.10 1492.10 594.50 9.50 9894.70 13.50 9881.20 621.60 162.80 76.30 860.70

Richer 9353.60 1551.10 487.80 11.50 11392.50 41.60 11350.90 670.90 105.20 148.90 925.00

Richest 21385.50 1893.10 486.20 10.80 23764.80 19.20 23745.60 399.20 116.80 90.20 606.20

Community characteristics

Place of residence

Rural 10381.10 1639.20 626.10 9.70 12646.40 6.90 12639.50 487.40 117.90 118.90 724.20

Urban 16874.50 1575.70 484.00 11.90 18934.20 44.00 18890.20 787.30 194.80 96.40 1078.50

Region

North 16208.00 2111.20 744.10 12.40 19063.30 4.00 19059.30 511.00 132.90 90.80 734.70

Central 15379.20 1684.40 801.60 9.00 17865.20 0.00 17865.20 464.40 52.00 57.00 573.40

East 8207.80 1397.00 514.10 10.30 10118.90 22.00 10096.90 539.60 151.70 184.80 876.10
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Northeast 4658.10 1260.90 380.00 10.00 6299.00 536.80 5762.20 1814.20 481.30 387.20 2682.70

West 14135.80 1345.90 612.10 8.00 16093.80 0.00 16093.80 696.00 125.30 129.70 951.00

South 11634.90 1745.00 351.20 11.50 13731.10 0.00 13731.10 391.00 202.10 57.30 650.40

Union Territories 22246.80 2124.70 760.30 13.50 25131.80 0.00 25131.80 1888.90 393.70 157.60 2440.20

Health related indicators

Level of care

PHC/dispensary/CHC/

mobile medical unit

2410.30 437.90 246.60 5.90 3094.80 0.00 3094.80 195.40 50.00 48.10 293.50

Public hospital 6337.20 1486.50 521.80 11.70 8345.50 15.50 8330.00 327.90 167.10 133.80 628.80

Private hospital 21611.60 1940.80 736.10 9.00 24288.50 23.90 24264.60 726.60 133.50 115.30 975.40

Type of ward

Free 4340.40 1366.80 448.00 10.80 6155.20 9.70 6145.50

Paying general 18258.90 1958.30 742.50 9.30 20959.70 8.20 20951.50 e e e

Paying special 54862.80 1800.80 1025.80 13.80 57689.40 244.60 57444.80 e e e

Total 12268.20 1621.50 585.20 10.30 14474.90 17.50 14457.40 532.50 126.80 114.60 773.90

Details of expenditure.

1. Included. Doctor's/surgeon's fee (hospital staff/other specialists), medicines,. Diagnostic tests, Bed charges, Othermedical expenses (attendant charges, physiotherapy, personalmedical appliances,

blood, oxygen, etc.).

2. Other non-medical expenses incurred by the household (Rs.) (food, transport for others, expenditure on escort, lodging charges if any, etc.).

3. Transport for patient.
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Table 4 e Fixed and random intercept models predicting the effect of selected characteristics on the proportion of
tuberculosis expenditure on hospitalisation over total household expenditure, in India, NSSO 2014.

Background characteristics Model 1 Model 2

Random effects Household and
cluster level

Random effects at Household, cluster
and State level

b (Logit) Standard Error p-value b (Logit) Standard Error p-value

Individuals characteristics

Age (in years)

00-14 (ref)

15e35 �0.433 0.849 0.610 �0.063 0.731 0.931

36e59 �1.207 1.061 0.255 �0.823 0.942 0.382

60 and above �1.255 1.139 0.271 �0.989 1.030 0.337

Education

Illiterate (ref)

Up to Primary 0.842 0.561 0.133 0.840 0.509 0.099

Middle 0.493 0.737 0.504 0.526 0.669 0.432

Secondary and above 1.204 0.701 0.086 0.786 0.644 0.222

Gender

Male (ref)

Female 0.761 0.453 0.093 0.814 0.400 0.042

Marital Status

Never married (ref)

Currently married 0.996 0.721 0.167 0.968 0.628 0.123

Others 0.968 0.976 0.321 0.648 0.851 0.447

Household characteristics

Religion

Hindu (ref)

Muslim �1.179 0.795 0.138 �1.269 0.797 0.112

Others �0.599 0.843 0.478 �0.458 0.851 0.590

Caste

ST (ref)

SC 0.175 0.830 0.834 0.481 0.828 0.561

OBC 1.713 0.776 0.027 1.881 0.778 0.016

Others 0.579 0.859 0.500 0.385 0.853 0.652

MPCE quintile

Poorest (ref)

Poorer �2.058 0.702 0.003 �1.991 0.666 0.003

Middle �3.166 0.755 0.000 �3.061 0.728 0.000

Richer �3.077 0.813 0.000 �2.702 0.776 0.000

Richest �3.655 0.819 0.000 �3.412 0.810 0.000

Community characteristics

Place of residence

Rural (ref)

Urban �0.252 0.573 0.660 �0.196 0.582 0.736

Health related indicators

level of care

PHC/dispensary/CHC/mobile medical unit (ref)

Public hospital 0.523 0.699 0.454 0.531 0.553 0.337

Private hospital �0.446 0.969 0.645 �1.164 0.809 0.150

Type of ward

Free (ref)

Paying general 3.310 0.742 0.000 4.067 0.649 0.000

Paying special 5.588 1.087 0.000 5.663 0.913 0.000

Duration of stay in hospital

Up to 5 days (ref)

6e10 days 1.406 0.371 0.000 1.299 0.298 0.000

11e20 days 2.260 0.423 0.000 1.666 0.345 0.000

21 and above 3.534 0.579 0.000 3.452 0.490 0.000

Constant 0.760 1.203 0.528 0.442 1.092 0.686

Household level variance 15.248 5.911 8.438 3.690

Cluster level random effect 7.990 6.016 16.844 4.209

State level random effect 6.10e-19

Residual 2.187 0.384 1.099 0.203

log-likelihood/F test �1514.071 �1497.462
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Table 5 e Socio-economic differentials on sources of financing for expenditure on tuberculosis in India.

Background characteristics Hospitalization Outpatient care

household
income/savings

Borrowings Sale of
physical assets

Contributions from
friends and relatives

Other
sources

Household
income/savings

Borrowings Contributions
from friends and relatives

Other
sources

Individuals characteristics

Age (in years)

00e14 69.9 25.1 0.0 5.0 0.0 0.0 0.0 0.0 0.0

15e35 75.6 20.6 2.8 0.2 0.7 97.7 2.1 0.2 0.0

36e59 62.5 34.4 0.0 3.2 0.0 94.4 5.2 0.0 0.3

60 and above 74.0 18.4 0.0 7.5 0.0 95.6 0.0 4.1 0.3

Education

Illiterate 69.3 27.5 0.2 2.9 0.0 97.6 1.7 0.4 0.3

Up to Primary 76.5 16.7 2.9 3.3 0.7 99.7 0.0 0.3 0.0

Middle 46.2 46.5 0.0 7.3 0.0 81.8 16.3 1.8 0.0

Secondary and above 78.7 18.8 0.0 2.2 0.3 92.3 6.9 0.8 0.0

Gender

Male 65.7 30.2 0.2 3.9 0.1 96.0 3.1 0.8 0.1

Female 76.3 18.4 1.9 2.9 0.5 97.1 2.6 0.1 0.3

Marital Status

Never married 76.1 21.3 0.0 2.5 0.2 97.3 2.7 0.0 0.0

Currently married 69.0 25.8 1.5 3.5 0.3 96.1 3.2 0.4 0.2

Others 63.0 32.2 0.0 4.8 0.0 96.4 0.0 3.6 0.0

Household characteristics

Religion

Hindu 67.3 27.5 1.0 3.9 0.3 95.9 3.4 0.6 0.2

Muslim 81.6 18.0 0.0 0.4 0.0 98.6 1.4 0.0 0.0

Others 70.5 22.9 0.0 6.5 0.1 98.9 0.0 1.1 0.0

Caste

ST 57.1 28.4 6.4 6.0 2.0

SC 59.2 35.6 0.4 4.8 0.0 93.9 4.0 1.9 0.1

OBC 70.9 25.4 0.0 3.7 0.0 96.9 2.6 0.3 0.2

Others 82.9 16.3 0.0 0.8 0.0 95.6 4.4 0.0 0.0

MPCE quintile

Poorest 50.6 35.1 3.9 10.1 0.2 97.0 2.6 0.1 0.3

Poorer 62.6 32.2 0.5 4.6 0.1 90.3 8.3 0.9 0.5

Middle 68.3 30.8 0.0 0.2 0.6 98.5 0.8 0.7 0.0

Richer 85.1 12.0 0.0 2.9 0.0 99.0 1.0 0.0 0.0

Richest 80.9 17.6 0.0 1.5 0.0 97.4 1.8 0.8 0.1

Community characteristics

Place of residence

Rural 68.9 25.7 1.1 4.0 0.3 96.4 2.9 0.6 0.1

Urban 71.2 26.5 0.0 2.3 0.0 96.5 3.0 0.2 0.3

Region

North 80.6 17.1 0.0 2.3 0.0 97.0 2.5 0.5 0.0

Central 73.5 22.5 0.0 3.8 0.2 97.8 1.6 0.2 0.4

East 63.1 29.7 2.6 4.6 0.0 94.6 5.3 0.2 0.0

Northeast 98.8 0.7 0.0 0.2 0.2 100.0 0.0 0.0 0.0

West 76.4 19.8 0.0 2.2 1.6 96.2 3.0 0.9 0.0

South 62.1 34.3 0.0 3.5 0.0 96.4 1.5 1.9 0.2

(continued on next page)
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3.4. Effect of tuberculosis expenditure over total
household expenditure

Table 4 shows the result of fixed and random interceptmodels

predicting the effect of selected characteristics on the pro-

portion of tuberculosis expenditure on hospitalization over

total household expenditure, in India. All differences in the

multilevel model are due to the variations between states

rather than within states. This is confirmed in the three-level

random interceptmodel where the cluster level random effect

is not significant (Model 1), whereas it is significant in the two-

level model (Model 2) after adjusting for the state effect. The

results appear similar irrespective of whether we consider the

fixed effect (not shown here) or random effect model. Further

the Log-likelihood ratio test also suggest Model 2 as a better

model compared to Model 1. As expected patient from the

poor have a higher cost burden than patient from rich eco-

nomic strata. Results indicate that, wealth quintile is nega-

tively associated with proportion of tuberculosis expenditure

over total household expenditure. Patients in the poorest

quintile had higher proportion of tuberculosis expenditure

over total household expenditure as compared to patient from

the higher wealth quintile. (Richest, â¼�3.655, p-value 0.000),

richer (â ¼ �3.077, p-value 0.000), Middle (â ¼ �3.166, p-value

0.000) and Poorer (â ¼ �2.058, p-value 0.003) Patients from the

urban area have a lower cost burden than their rural coun-

terparts but it was not statistically significant.

3.5. Sources of financing for TB treatment

Major share (around 96%) of healthcare expenditure comes

from the bank account/savings of those who were seeking

treatment from OPD compared to 69.6%% of those who were

hospitalized (Table 5). In the overall population 25.9% had to

sell assets or used borrowings for financing TB hospitalization

expenses, while the percentage among SC and ST population

stood at 70.8% in comparison to 16.3% among general popu-

lation. The poorer and poorest had significantly higher use of

sale of assets or borrowings compared to richer or richest

groups for managing both outpatient and inpatient hospital-

ization expenses for TB treatment.

3.6. Exposure to hardship financing

Results indicates, that almost one-fourth (26.7%) of those who

were hospitalized are exposed to hardship financing as

compared to 3.0% percent of OPD patients (Table 5). Thirty

seven percent of TB patients getting treatment in private fa-

cilities were exposed to hardship financing for hospitalization

as compared to 21.6% of patients taking treatment in public

facilities. 35.85% of lowest two wealth quintiles were exposed

to hardship financing due to hospitalization.

3.7. Determinants of hardship financing

Further, this study explores the factors associated with

hardship financingwhen paying for treatment cost (Table 6). It

was observed that education of patient had a significant as-

sociation with hardship financing. Only patients with middle

level education were 3.2 times more likely to face hardship
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financing as compared to less educated or illiterate patients

(OR ¼ 3.2, CI ¼ 1.2e8.5, p-value 0.02). The MPCE quintile

showed a significant inverse association with hardship

financing. Patient from the richer (OR ¼ 0.096,

CI ¼ 0.023e0.396, p-value 0.001), richest (OR ¼ 0.078,

CI ¼ 0.020e0.302, p-value 0.000) MPCE quintiles are less likely

to experience hardship financing as compared to patient from

the poorest MPCE quintile. There was no impact of sex of the

patient on hardship financing. Length of stay in hospital had a

significant relationship with hardship financing. Hospital stay

of more than twenty days resulted in seven times more

hardship financing (OR ¼ 7.5, CI ¼ 4.78e15.33, p-value 0.000),

as compared to 5 days stay.The risk of experiencing hardship

financing among patients whose stay was for 11e20 days

(OR¼ 4.35, CI¼ 1.85e10.22, p-value 0.001) was four timesmore

than those who stayed up to 5 days. Patients who undertook

treatment from private healthcare facilities had a higher risk

of hardship financing (OR ¼ 10.22, CI ¼ 1.85e60.61, p-value

0.009) as compared to those who took the treatment in PHC/

dispensary/CHC/mobile medical unit facilities. The risk of

seeking hardship financing for treatment was found to be

higher (OR¼ 3.35, CI¼ 1.32e8.51, p-value 0.011) in urban areas

as compared to rural areas. The northeast region showed less

risk of hardship financing (OR ¼ 0.08, CI ¼ 0.009e0.73, p-value

0.026) as compared to North regions of India.

4. Discussion

Rising burden of tuberculosis, increasing healthcare costs and

household health spending, warrants disaggregated analysis

of the financial hardship faced by households in India. This

paper is a first ever attempt by providing disaggregated esti-

mates of OOPE and financial hardship faced by households

due to tuberculosis. We have used the NSSO 2014 which is the

latest nationally representative survey for our analysis.

Table 6 e Binary logistic regression results of
determinants of hardship financing due to TB
expenditure on hospitalisation as per socio-economic
status (Dependent variable: exposure to hardship
financing).

Background characteristics Odds
Ratio

95% CI P-
value

Individuals characteristics

Age (in years)

0-14 (ref)

15e35 0.781 0.154e3.957 0.765

36e59 1.338 0.239e7.490 0.740

60 and above 0.509 0.065e3.983 0.519

Education

Illiterate (ref)

Up to Primary 0.900 0.388e2.087 0.805

Middle 3.199 1.202e8.519 0.020

Secondary and above 1.091 0.294e4.051 0.897

Gender

Male (ref)

Female 0.637 0.275e1.477 0.293

Marital Status

Never married (ref)

Currently married 2.009 0.522e7.730 0.310

Others 3.002 0.653e13.795 0.157

Household characteristics

Religion

Hindu (ref)

Muslim 0.550 0.151e2.001 0.364

Others 0.613 0.104e3.610 0.588

Caste

ST (ref)

SC 1.016 0.305e3.382 0.979

OBC 0.966 0.350e2.668 0.947

Others 0.456 0.124e1.672 0.235

MPCE quintile

Poorest (ref)

Poorer 0.335 0.110e1.015 0.053

Middle 0.586 0.205e1.679 0.319

Richer 0.096 0.023e0.396 0.001

Richest 0.078 0.020e0.302 0.000

Sanitation facility

Unsafe (ref)

Safe 0.583 0.265e1.285 0.181

Drinking water

Unsafe (ref)

Safe 0.760 0.239e2.421 0.642

Cooking fuel

Unsafe (ref)

Safe 0.780 0.291e2.093 0.621

Community characteristics

Place of residence

Rural (ref)

Urban 3.354 1.322e8.510 0.011

Region

North (ref)

Central 1.026 0.231e4.566 0.973

East 2.772 0.760e10.106 0.122

Northeast 0.082 0.009e0.736 0.026

West 1.333 0.319e5.574 0.693

South 2.280 0.628e8.282 0.210

Union Territories 3.994 0.187e85.393 0.375

Health related indicators

level of care

PHC/dispensary/CHC/mobile

medical unit (ref)

Public hospital 3.155 0.691e14.400 0.138

Table 6 e (continued )

Background characteristics Odds
Ratio

95% CI P-
value

Private hospital 12.217 1.852e80.607 0.009

Type of ward

Free (ref)

Paying general 1.383 0.400e4.780 0.608

Paying special 1.207 0.213e6.833 0.831

Duration of stay in hospital

Up to 5 days (ref)

6e10 days 4.347 1.849e10.222 0.001

11e20 days 1.378 0.518e3.668 0.520

21 and above 16.404 4.776e56.338 0.000

Constant 0.092

�2 Log likelihood 225.290 With chi2 92.43, p-

value 0.000

Nagelkerke R Square 0.178

Hosmer and Lemeshow Test 5.71 With chi2 5.71,

degree of freedom 8

p-value <1%
Classification accuracy 77.07
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799 individuals (Hospitalised, n ¼ 610, and Outpatient,

n ¼ 289) were reported to have tuberculosis within the overall

sample. Proportionately more males than females were re-

ported with tuberculosis among both hospitalised and

outpatient cases. This is similar to other studies where TB

prevalence is seen to be significantly higher among men than

women in low- and middle-income countries,25 and NFHS

surveys,26 although in cities such as Mumbai a higher pro-

portion of women are reported to suffer from TB, as compared

to others.27 More males (30.4%) were exposed to hardship

financing than females (19.3%). About 48.5% of hospitalised

cases and 62.1% outpatient care patients were illiterates. This

group spent the lowest on hospitalisation as compared to

literate patients. However, illiterates constituted the second

highest group exposed to hardship financing (29.4%) Educa-

tional attainment and literacy have been identified as barriers

for accessing TB services by other studies.28e30

ScheduledCastes and Scheduled Tribes constituted 34.4% of

those reporting tuberculosis in the sample. Though the outpa-

tient expenditure was the lowest for scheduled castes, their

hospitalisation expenses were the second highest, in compari-

son with other castes (ST e ₹14094.30, SC e ₹9877.20, OBC e

₹16489.90, Others e ₹15475.80). These groups also had higher

exposure to hardship financing compared to other castes for

hospitalisation (ST- 34.4%, SCe 36%, OBC-25.4%, Others-16.3%).

These findings are important given the fact that the SC/ST

groups have been found to have prolonged delays in seeking

care for seeking tuberculosis treatment.31 With regards to in-

comecategories, the lowest bottomtwoquintiles contributed to

36.8% and 37% of total hospitalisation and outpatient cases. In

terms of healthcare expenditure, these two categories had

average expenditures of ₹11757.50 and ₹15635.70 for hospital-

isation, and ₹534.80 and ₹965.40 for outpatient care respectively
These expenditures represent 23.07% and 19.94% of the total

household income in these two categories (Fig. 1). Similar fig-

ures for the richer and richest quintiles were 7.04% and 7.37%

respectively,whereas formiddle incomecategory thefigurewas

12.5%. The poorest and poorer categories, had 39% and 32.7% of

hospitalised cases, and 2.7%, and 9.2% of outpatient cases

respectively, exposed to hardship financing. In contrast, the

upper two quintiles, i.e. richer and richest categories, had 12%

and 17.6% for hospitalisation, and 1%, and 2.6% for outpatient

care, were exposed to hardship financing. This is similar to

manyother studies that have reported thehigher costs for TBof

poorest populations.32,33 Our regression analysis also shows

that patients from richer MPCE quintiles are less likely to

experiencehardshipfinancingascomparedtopatients fromthe

poorest MPCE quintile.

In terms of healthcare utilisation, 56% of patients utilised

private healthcare facilities for their outpatient care,

compared to 57% utilising public hospitals for hospitalised

care. Patients utilising hospital care in private facilities spent 3

times than those attending public facilities (₹8330 in private

facilities, ₹24264.60 in public facilities). Patients attending

private hospitals had higher odds of exposure to hardship

financing as compared to public hospitals (37.2% in private,

and 21.6% in public; OR: 12.2 95% CI: 1.8e80.6),) and were

found to be significant p < 0.009). Majority (57.8%, 95% CI:

48.6e66.5 received free hospitalization. Those who reported

spending for hospitalisation spent an average of ₹14457.40.
Kastor & Mohanty (2018) found that only 0.1% of expenditure

in private facilities and 0.2% of public of expenditure in public

facilities were reimbursed.34 This could be the reason that

almost 21.3% of the patients who got free treatment were

exposed to hardship financing.

WHO's End TB Strategy35 while proposing aggressive action

to reduce tuberculosis incidence andmortality, also highlights

the need to reduce the related out-of-pocket costs and

impoverishment, which can be catastrophic on households.

Although the economic burden of tuberculosis of households

in known to be high, most studies have focused on cross-

sectional studies in one region or another.19,20 A 2018 pub-

lished study34 looked into the healthcare utilisation, OOPE and

catastrophic expenditure of TB among hospitalised cases

Fig. 1 e TB expenditure and average annual household income* (*- Author's analysis using IHDS-II data).
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using NSSO 71st Round data. However, this is the first study

that conducted a detailed analysis of NSSO 71st Round data of

disaggregated data of TB cases utilising outpatient and inpa-

tient care in private and public facilities.

In this article, we defined hardship financing as being

exposed to a less stable or worsened financial state brought

about by additional costs/losses due to borrowing or selling

assets.14 Since the questions about amount borrowed from

each source and the rate of interest was not analysed we

cannot quantify losses due to selling assets. In this study, we

found that around one-fourth, i.e. 26.7 percent of the hospi-

talized cases and 3% percent of patients utilising outpatient

care experience hardship financing. The association between

selected household characteristics and exposure to hardship

financing was assessed alongside individual socio-

demographic characteristics that predict hardship financing.

As an alternative to the catastrophic spending method, our

study could play an important role in advancing the notion of

hardship financing as a measure of effectiveness of health

financing policy for tuberculosis in the country. However,

there are some limitations to this study. The same findings

would not apply elsewhere without adequate data. As with

any health services utilization study, our study would also be

influenced by the regular limitations of self-reporting of inci-

dence of illness and costs of care with regard to data in-

terviews with respondents.

5. Conclusion

This paper presents the disaggregated analysis of OOPE and

exposure to hardship financing, i.e use of sale of assets or

borrowing for financing hospitalisation or outpatient care, due

to tuberculosis in the country. Our study presents that even

with free care for tuberculosis 21.3%were exposed to hardship

financing, suggesting the need to re-look at the subsidy

coverage of tuberculosis treatment in the country. The

recently announced Prime Minister Jan Arogya Yojana

(PMJAY) with a hospitalisation coverage of ₹500,000 could

provide some support.36 However, the higher utilisation of

private health facilities in comparison to public care for

outpatient care prompts the need to conduct intensive social

marketing efforts of DOTS programme. These efforts may be

helpful in preventing many households from falling into the

poverty trap due to tuberculosis in the country.
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Introduction: With the introduction of newer molecular diagnostic tools, an increasing

number of Non-tuberculous Mycobacteria (NTM) affecting the respiratory system and

mimicking symptoms of pulmonary tuberculosis (PTB) are being identified. They may be

misdiagnosed and treated as PTB, often categorized as treatment failures if they do not

respond to treatment. This manuscript aims to characterize patients with pulmonary NTM

disease.

Methods: Patient characteristics of bacteriologically confirmed pulmonary NTM disease,

attending the ICMR-National Institute for Research in Tuberculosis, Chennai were pro-

spectively compiled over a two-year period (2017e2018).

Results: A total of 122 patients with recurrent chest symptoms and not responding to anti-

tuberculosis treatment were screened for NTM. Thirty-nine cases (26 males and 13 fe-

males) of symptomatic pulmonary NTM were diagnosed. The mean (SD) patient age and

body mass index were 48.6 ± 11 years and 16.3 ± 3. All male participants were smokers, had

at least one episode of previous ATT. Mycobacterium kansasii (48.7%) was the most

frequently isolated species followed by Mycobacterium intracellulare (20.5%), Mycobacterium

abscessus (7.6%) followed by Mycobacterium avium, Mycobacterium fortuitum, Mycobacterium

kyorinense, and Mycobacterium simiae. Infection with multiple NTMs was seen in four pa-

tients. Isoniazid resistance was identified in 20 patients. Based on species identified,

treatment was initiated as per American Thoracic Society guidelines and continued up to

12 months of culture negativity.
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Conclusions: M. kansasii is the commonest pulmonary NTM isolated in Tamilnadu with a

higher prevalence in males and elderly. Sensitization of both patients and providers is

essential to avoid misdiagnosis and delay in diagnosis of pulmonary NTM disease as

pulmonary TB.

© 2019 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

1. Introduction

Non-tuberculous Mycobacteria (NTM) is ubiquitous in nature

and have been isolated from a variety of source like dust, soil,

water etc.,.1 Infection to humans is acquired from the envi-

ronment and can affect various parts of the body including

lymph nodes, lungs, skin, spleen, gastrointestinal tract.2 It is

reported that more than 90% of the NTM infections are pul-

monary in origin with both geographic and ethnic variations.3

Globally, the incidence of NTM ranges between 7.2 and 13.6/

100,000 persons.4

Until recent times, the culture was not a routine part of

diagnosing TB in India and hence is difficult to predict the exact

magnitude of pathogenic NTM in our country. The evidence

that they are present in our environment - Mycobacterium

avium-intracellulare (MAI) being the most frequently isolated

species (22.6% of all NTM) followed by Mycobacterium terrae

(12.5%) and Mycobacterium scrofulaceum (10.5%) was shown very

early by the Tuberculosis Research Centre, Chennai.5,6 Later in

the 2000s, many studies from other parts of the country have

tried to correlate the presence of environmental NTMs with

clinical samples from patients suspected of having pulmonary

tuberculosis (PTB), but their role as pathogen was always

doubtful.7,8 In recent times, with the availability of improved

molecular diagnostic testing, NTM infections are increasingly

being diagnosed. The prevalence of NTM and identification rate

in pulmonary diseases varied from 0.7% to 34% in India.9,10

With the emergence of human immunodeficiency disease, a

few studies have shown the presence of NTM in HIV infected

patients in India.11,12 Many NTM species are pathogenic to

humans causing clinically significant disease requiring treat-

ment. As the treatment for NTM varies with the type of species,

rapid and reliable identification of NTM species is important.

For this to happen, early diagnosis of the correct myco-

bacterial species is the first step in treatment initiation and

curing the patient. Treatment should be initiated based on the

NTM species and the drug susceptibility test for a better

response. However, treatment for symptomatic pulmonary

NTM disease is not widely available through the Revised Na-

tional Tuberculosis Control Programme (RNTCP). We report

here a profile of patients with pulmonary NTM and their

response to species-specific treatment, secondary to the

identification of a species.

2. Methods

A prospective cohort of adults with symptomatic pulmonary

NTM disease, where NTM was isolated on at least two

consecutive sputum specimens, were being followed up at the

ICMR-National Institute for Research in Tuberculosis (NIRT),

Chennai from March 2017 to 2018. Patients referred for diag-

nosis of MDRTB using Line Probe Assay (LPA, Genotype

MTBDRplus 2.0) under RNTCP, who were smear positive but

were negative for MTB by LPA and culture were contacted

through the referring center. These presumptive pulmonary

NTM patients were further evaluated at NIRT. The study was

approved by the institutional ethics committee of NIRT.

AT NIRT, symptomatic patients were screened and after

obtaining an informed written consent, data were collected

that included demographics including occupation, co-

morbidities like diabetes, HIV and use of immunosuppres-

sive agents, current symptoms of cough, fever, shortness of

breath, fatigue, weight loss, hemoptysis etc., along with prior

TB treatment history. Chest x-ray and blood for liver and renal

function were done. After cleansing the mouth with luke-

warm water, three consecutive sputum samples (2 early

mornings and 1 spot specimen) were collected for AFB smear,

culture, and species identification.

2.1. Sputum sample processing

All samples received from presumptive NTM patients, were

processed using the N-acetyl-L-cysteine-sodium citrate-NaOH

(NALC-NaOH) method.13 Resultant sediments were re-

suspended in 1 ml of phosphate buffer solution. The deposit

inoculated onto LowensteineJensen media (LJ) for mycobac-

terial culture. Any growths on the slopes were subjected to

AFB smear and rapid immunochromatography test (ICT) (TBc

ID, Becton Dickinson, Sparks, MD) as per standard or manu-

facturer's protocol. Cultures that were positive by AFB smear

but negative by ICT were subjected to speciation using LPA

(GenoType Mycobacterium CM/AS, Hain Lifescience GmbH,

Nehren, Germany).14 H37Rv was included as a positive control.

The presence of distinct bands at positions 10 and 16 indicated

a positive test for Mycobacterium tuberculosis complex. In case

of growth exhibiting more than one type of morphology,

speciation was done for all.

2.2. Treatment of pulmonary NTM

Based on the species identified, symptomatic patients were

started on treatment as per the guidelines of American

Thoracic Society (ATS) if they fulfilled any of the two criteria -

clinical, bacteriological and radiological criteria.15 Clinical

criteria included combination of pulmonary symptoms of

cough, fever, shortness of breath, fatigue, weight loss, he-

moptysis with radiological criteria of nodular or cavitary

opacities on chest x-ray or CT scan AND appropriate exclusion
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of other diagnosis PLUS microbiological criteria of positive

culture results from at least two separately expectorated

sputum samples (If results from these were non-diagnostic,

sputum AFB smear and culture were repeated) OR positive

culture results from at least one bronchial wash. Treatment is

being continued for 12 months post-culture negativity and

patients followed for 12 months post-treatment completion.

2.3. Drug susceptibility test

Susceptibility of NTMs to drugs was done for the following -

rifampicin, isoniazid, ethambutol, amikacin, kanamycin, cip-

rofloxacin, levofloxacin, moxifloxacin, linezolid, and clofazi-

mine, depending on the species identified and the

recommended treatment regimen by MGIT960 and/or micro-

broth dilution method. Sputum isolates have been stored for

performing clarithromycin DST retrospectively, once the kit

becomes available.

3. Results

3.1. Characteristics of the study population

One hundred and twenty-two patients were referred to as a

presumptive case of pulmonary NTM from RNTCP centers, of

which only 102 patients registered for further testing. Fifty-

eight patients were referred back due to various reasons,

species identification is awaited for five patients while 39 pa-

tients were started on appropriate treatment after the NTM

species were identified (Fig. 1). Of the 39 patients started on

treatment, there were 26 males and 13 females. Themean age

and body mass index of the study population was 48.6 (SD:

10.7) and 16.3 (SD: 3.1) respectively. Age-wise categorization of

the patients is shown in Table 1. In this cohort, 16 patients

were current smokers; 22 patients had were alcohol users

earlier of which 14 continued to consume alcohol during the

current period also. A major proportion of this cohort were

daily laborers (34%), home-makers (32%), involved in the

textile business (13%) and drivers (11%). Two patients were air

conditioner mechanics, one each of a farmer and watchman.

The commonest non-pulmonary co-morbidities in this cohort

were diabetes mellitus (10%) and human immunodeficiency

virus (HIV) infection (5%). Majority of themhad been treated at

least once previously for PTB and declared as either relapse or

non-responders e 10 patients were treated with ATT once, 14

twice, 7 thrice and one patient was treated with ATT 4 times

previously (Table 1).

3.2. Clinical Presentation

All patients presented with symptoms similar to PTB e cough,

breathlessness, expectoration, and weight loss. Hemoptysis

was reported in only seven patients (Fig. 2). Sputum smear by

Fig. 1 e Flowchart of Patient enrolled in NTM study.

Table 1 e Demographic and Clinical Characteristics of the
Study cohort (n ¼ 39).

S. No. Characteristics Frequency N (%)

1 Age

21e30 years 3

31e40 years 6

41e50 years 11

51e60 years 14

61e70 years 5

2 Male Gender 26 (66%)

3 Height; mean (SD) 161.2 (10.7)

4 Weight; mean (SD) 42.6 (8)

5 Body mass index

<18 26 (67%)

�18 13 (33%)

6 Diabetes mellitus

Yes 4 (10%)

No 35 (90%)

7 Smoking

Ever Smoked 22 (56%)

Current Smoker 17 (44%)

8 Alcohol

Ever consumed 22 (56.4%)

Current consumer 17 (43.6%)

9 Previous treatment for TB

Once 13 (33%)

Twice 15 (39%)

Thrice 10 (26%)

Four times 1 (3%)
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Fluorescence microscopy was positive in all patients. Chest x-

ray showed bilateral lung involvement in 68.5% of patients

andmore than two zoneswere involved in 89% of the patients.

3.3. Pulmonary NTM species isolated

A total of 10 species of NTM were identified in this study. The

three most frequently isolated pulmonary NTM were M. kan-

sasii (49%), Mycobacterium intacellulare (21%) andMycobacterium

abscessus (8%). Six patients (15%) had multiple species identi-

fied in their sputum specimen e M. abscessus and Mycobacte-

rium intracellulare were most frequently associated with

multiple other species. The frequencies of the rest of the

NTMs are shown in Table 2.

3.4. Drug susceptibility

Drug susceptibility testing was done only for M. kansasii, M.

avium, and M. intracellulare. Of the 19 M. kansasii samples, 17

showed resistances to isoniazidwith six being resistant to both

isoniazid and ethambutol while one was resistant to isoniazid,

ethambutol, and rifampicin (2 samples DST not done). Of the 8

M. intracellulare samples, six showed resistance to rifampicin

and fluoroquinolones (moxifloxacin) and only one was sensi-

tive to all drugs. M. avium identified was resistant to isoniazid,

rifampicin, and ethambutol. DST was not done for Mycobacte-

rium simiae, Mycobacterium kyorinense, and M. abscessus.

3.5. Species-specific treatment regimens

After identification of the species, appropriate treatment was

initiated based on ATS guidelines (Table 3). During the course

of treatment, results of the drug susceptibility test (DST) were

received and if the patient was not responding to the current

regimen, treatment was modified based on the DST profile.

But, if the patient had become asymptomatic and his cultures

had converted to negative, the same regimen was continued.

Two patients died during the course of the study e one was a

case of pulmonaryM. abscessus and patient was irregular with

her treatment, while the other was a case of mixed infection

with 4 species, not responding to treatment. All patients were

followed up for 12 months of post-culture conversion.

3.6. Association of NTM isolates and age

Most NTM isolates were found in male patients and those

aged above 45 years. However, statistical significance was

Fig. 2 e Clinical Presentation of Patients with Pulmonary NTM disease.

Table 2 e Frequency of Pulmonary NTM species isolated
from the study cohort.

S.No NTM Species Frequency N (%)

1 M.abscessus 3

2 M.avium 1

3 M.intracellulare 8

4 M.kansasii 19

5 M. kyroninese 1

6 M.simiae 1

7 M.abscessus, M.gordoneae 1

8 M.abscessus, M.kansasii, 1

9 M.abscessus, M.fortuitum 1

10 M.abscessus, M.fortuitum,

M.intracellulare,

1

11 M.abscessus, M.fortuitum,

M.intracellulare, M.peregrinum,

1

12 M.kansasii, M.intracellulare,

M.malmoense

1
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found only between the type of NTM isolate and gender of the

patient and alcohol intake (Table 4). There was no statistically

significant difference noted among NTM species and age

groups.

4. Discussions

We demonstrate a unique profile of pulmonary NTM disease

in Tamilnadu state. M. kansasii was the commonest pulmo-

nary NTM isolate, followed by M. intracellulare and M. absces-

sus. The high prevalence of pulmonary M. kansasii in our

cohort could be the result of its abundance in this region un-

like that reported for northern parts of the country. Umrao

et al, reported a higher prevalence ofM. abscessus,M. fortuitum

andM. intracellulare in the pulmonary specimen, whileMaurya

et al, reportedM. fortuitum and M. intracellulare as the common

NTM species in their respective cohorts from north India.16,17

Our study portrays the diversity of NTM species in pulmonary

specimens when compared with other published reports,

highlighting the varied geographical distribution of NTM

throughout India. Even in the international arena, there is

much diversity in the NTM species causing pulmonary dis-

ease. A study involving 30 different countries from six

different continents documented a higher prevalence of

M. avium complex from North and South America and Europe.

M. intracellulare was predominantly reported from South

Africa and Australia.18 It highlights the regional variability of

various species of NTM.

In our cohort, we observed a higher proportion of males

and alcohol users have a higher risk for NTM pulmonary dis-

ease. This is in agreement with previous studies considering

gender and age as significantly associated with pulmonary

T
a
b
le

3
e

S
p
e
ci
e
s
b
a
se

d
T
re
a
tm

e
n
t
re
g
im

e
n
s
a
s
p
e
r
A
T
S
g
u
id
e
li
n
e
s.

S
p
e
ci
e
s

R
e
g
im

en
w
it
h
d
o
se

D
u
ra
ti
o
n
a
n
d
rh

y
th

m
o
f
tr
e
a
tm

e
n
t

A
lt
e
rn

a
ti
v
e
re
gi
m

e
n
fo
r
re
si
st
a
n
ce

o
r
fa
il
u
re

M
yc
ob

a
ct
er
iu
m

a
v
iu
m

co
m
p
le
x
e

F
ib
ro

ca
v
it
a
ry

o
r
N
o
d
u
la
r
d
is
e
a
se

C
la
ri
th

ro
m
y
ci
n
*
(5
0
0
m
g
b
d
o
r
1
0
0
0
m
g
o
d
)
þ

R
if
a
m
p
ic
in

(1
0
m
g
/d
,
m
a
x
.
o
f
6
0
0
m
g
/d
)
þ

E
th

a
m
b
u
to
l
(1
5
m
g
/k
g
/d
)

A
zi
th

ro
m
y
ci
n
(2
5
0
m
g
/d
)
in
st
e
a
d
o
f

C
la
ri
th

ro
m
y
ci
n
o
r
R
if
a
b
u
ti
n
**
(1
5
0
e
3
0
0
m
g
)

in
st
e
a
d
o
f
ri
fa
m
p
ic
in

M
yc
ob

a
ct
er
iu
m

a
v
iu
m

co
m
p
le
x
e

se
v
e
re

&
e
x
te
n
si
v
e
m
u
lt
il
o
b
a
r

fi
b
ro

ca
v
it
a
ry

d
is
e
a
se

C
la
ri
th

ro
m
y
ci
n
*
(5
0
0
m
g
b
d
o
r
1
0
0
0
m
g
o
d
)
þ

R
if
a
m
p
ic
in

(1
0
m
g
/d
,
m
a
x
.
o
f
6
0
0
m
g
/d
)
þ

E
th

a
m
b
u
to
l
(1
5
m
g
/k
g
/d
)
þ

In
j.
A
m
ik
a
ci
n
o
r
S
tr
e
p
to
m
y
ci
n
fo
r
fi
rs
t
2
e
3
m
o
n
th

s

M
yc
ob

a
ct
er
iu
m

ka
n
sa

si
i

Is
o
n
ia
zi
d
(5

m
g
/k
g
/d
a
y
,
m
a
x
.3
0
0
m
g
)
þ

R
if
a
m
p
ic
in

(1
0
m
g
/k
g
/d
,

m
a
x
.
6
0
0
m
g
)
þ

E
th

a
m
b
u
to
l
(1
5
m
g
/k
g
/d
)

D
a
il
y
fo
r
1
2
m
o
n
th

s
o
f
n
e
g
a
ti
v
e

sp
u
tu

m
cu

lt
u
re

w
h
il
e
o
n
th

e
ra
p
y

F
o
r
H

o
r
E
re
si
st
a
n
ce

:
C
la
ri
th

ro
m
y
ci
n
,

T
M
P
-S
F
X
,
C
ip
ro

fl
o
x
a
ci
n
,
L
e
v
o
fl
o
x
a
ci
n

F
o
r
R
re
si
st
a
n
ce

:
C
la
ri
th

ro
m
y
ci
n
,

T
M
P
-S
F
X

E
th

a
m
b
u
to
l,
M
o
x
ifl
o
x
a
ci
n
,

M
yc
ob

a
ct
er
iu
m

fo
rt
u
it
u
m

C
la
ri
th

ro
m
y
ci
n
þ

D
o
x
y
cy

cl
in
e
þ

T
M
P
-S
F
X

o
r
le
v
o
fl
o
x
a
ci
n

1
2
m
o
n
th

s
o
f
n
e
g
a
ti
v
e
sp

u
tu

m

cu
lt
u
re

w
h
il
e
o
n
th

e
ra
p
y

M
yc
ob

a
ct
er
iu
m

a
b
sc
es
su

s
C
la
ri
th

ro
m
y
ci
n
(1
0
0
0
m
g
)
þ

A
m
ik
a
ci
n
(1
0
e
1
5
m
g
/k
g
/d
)
þ

C
e
fo
x
it
in

(o
r
Im

ip
e
n
e
m

5
0
0
m
g
b
d
o
r
q
id
)

D
a
il
y
.
In
te
rm

it
te
n
t
R
x
su

g
g
e
st
e
d
in

v
ie
w

o
f
to
x
ic
it
y

S
u
rg
ic
a
l
re
se

ct
io
n

M
yc
ob

a
ct
er
iu
m

m
a
lm

oe
n
se

O
p
ti
m
a
l
th

e
ra
p
y
is

n
o
t
k
n
o
w
n
,
b
u
t
so

m
e
m
ic
ro

b
io
lo
g
ic

im
p
ro

v
e
m
e
n
t
h
a
s
o
cc

u
rr
e
d
w
it
h
th

e
u
se

o
f
co

m
b
in
a
ti
o
n
s
o
f
IN

H
,
ri
fa
m
p
in
,
a
n
d
e
th

a
m
b
u
to
l,
w
it
h
a
n
d
w
it
h
o
u
t
q
u
in
o
lo
n
e
s
a
n
d
m
a
cr
o
li
d
e
s

*
¼

si
g
n
ifi
ca

n
ce

v
a
lu
e
o
f
p
<
0
.0
5
b
e
tw

e
e
n
M
.
ka

n
sa

si
i
a
n
d
th

e
o
th

e
r
tw

o
g
ro

u
p
s. Table 4 e Prevalence of NTM isolates by Gender and Age.

M. kansasii M.intracellulare Other species

(n ¼ 21) (n ¼ 10) (n ¼ 8)

Gender

male 18* 3 5

female 3 7 3

Age

� 40 7 2 1

>40 14 8 7

BMI

< 18 14 7 5

�18 5 2 3

Diabetes

Yes 2 2 -

No 19 8 8

Smokers

Yes 12 3 2

No 9 7 6

Alcohol

Yes 13* 1 3

No 8 9 5

Prior ATT

> 2 courses 6 4 1

�2 courses 15 6 7

* ¼ significance value of p < 0.05 between M. kansasii and the other

two groups.

i n d i a n j o u r n a l o f t u b e r c u l o s i s 6 6 ( 2 0 1 9 ) 4 6 1e4 6 7 465

https://doi.org/10.1016/j.ijtb.2019.04.013
https://doi.org/10.1016/j.ijtb.2019.04.013


NTM, though we did not find a significant association with

age.4,19 The role of older age as a demographic risk factor for

NTM infection has been described previously.4 This could be

either because of the anticipated rise in global aging or

because older people are more prone to preexisting lung dis-

ease, which may favor NTM colonization and infection. With

better and affordable healthcare facilities in the country, the

population aged 55 years and above is expected to increase.

Hence it is important to recognize pulmonary NTM infection

and its association with age as an important public health

issue with potentially significant consequences for affected

patients and resources. Conditions that suppress cellular im-

munity like diabetes mellitus, malnutrition or HIV infection

are known to predispose individuals to NTM infection and

considered as important risk factors. In our cohort, we found a

higher positivity rate of diabetes mellitus (10%) and lower HIV

positivity rate (5%), in agreement with previous studies.16 The

higher prevalence of diabetes mellitus in this part of the

country could also be another reason for the higher diabetic

patients in our cohort.20

Furthermore, similar to the Singapore cohort, 40% of our

study population had been treated previously for pulmonary

tuberculosis with the suggestion of non-response to 6-months

of short-course chemotherapy and recurrence.19 This history

suggests an underlying pulmonary disorder with bronchiec-

tasis or other structural lung damage making them more

prone to NTM infection. Risk factors for NTM pulmonary dis-

ease include prior TB, chronic obstructive pulmonary disease,

cystic fibrosis, occupational lung disease etc.

NTM related diseases are on the rise now globally mainly

due to improved isolation/identification techniques. The

prevalence and type of pulmonary NTM isolated vary in

different parts of the country.21 Clinical presentations due to

pulmonary NTM infections often mimic PTB. Hence they are

often misrecognized and misdiagnosed as drug-resistant TB

leading to undue delay in initiation of the correct treatment

with a poor treatment outcome. In addition, a subclinical NTM

infection that gets demonstrated in a patient on ATT is likely

to be considered a treatment failure or a relapse. The clinical

outcome of this cohort was not very satisfactory, further

emphasizing the fact of recognizing pulmonary NTM early

and treating them.

NTM isolated in culture can be identified by conventional

biochemical methods which are elaborate and time-

consuming. Chromatographic method like High Pressure

Liquid Chromatography (HPLC) can also be used for speciation

of NTM but it needs expertise and is also time-consuming.

WHO introduced commercial, GenoType Mycobacterium

common mycobacteria/additional species (CM/AS) assay

(Hain Life science, Nehren, Germany) that differentiates and

identifies different species of NTM from cultures. The CM kit

identifies 15 mycobacterium species along withM. tuberculosis

complex and the AS kit identifies 16 additional species which

also covers the rare NTM species.

5. Conclusion

Our study presents the profile of patientswith pulmonaryNTM

in Tamil Nadu, with M. kansasii being the commonest NTM

isolatedandaprediction towardsoldermenandpriorhistoryof

TB treatment. With an increasing capability to diagnose pul-

monary NTM, it is necessary to treat them appropriately with

species-specific treatment. This highlights the need to better

understand the epidemiology, clinical response and economic

burden of treating pulmonary NTM disease in the country.

Acknowledgment

We thank the Doctors, nurses, and staff of the Department of

Clinical Research and Department of Bacteriology for their

tireless contribution to the management of this patient. We

extend our acknowledgments to Medical officers, Health vis-

itors, treatment supervisors and laboratory technicians of the

Revised National TB Control Programme in Chennai Corpo-

ration, and Dr. Srikanth Tripathy, Director In-charge, ICMR-

NIRT, for extending their support towards themanagement of

NTM patients.

Financial support

This work is supported by an extramural grant from the In-

dian Council of Medical Research, Government of India.

Conflicts of interest

The authors have none to declare.

Appendix A. Supplementary data

Supplementary data to this article can be found online at

https://doi.org/10.1016/j.ijtb.2019.04.013.

r e f e r e n c e s

1. Falkinham 3rd JO. Environmental sources of nontuberculous
mycobacteria. Clin Chest Med. 2015;36:35e41.

2. Piersimoni Claudio, Scarparo Claudio. Extrapulmonary
infections associated with nontuberculous mycobacteria in
immunocompetent persons. Emerg Infect Dis. 2009
Sep;15(9):1351e1358.

3. Kendall BA, Winthrop KL. Update on the epidemiology of
pulmonary nontuberculous mycobacterial infections. Semin
Respir Crit Care Med. 2013;34(1):87e94.

4. Cassidy PM, Hedberg K, Saulson A, McNelly E, Winthrop KL.
Non-tuberculous mycobacterial disease prevalence and risk
factors: changing epidemiology. Clin Infect Dis.
2009;49:e124ee129.

5. Paramasivan CN, Govindan D, Prabhakar R,
Somasundaram PR, Subbammal S, Tripathy SP. Species-
level identification of non-tuberculous mycobacteria from
South Indian BCG trial area during 1981. Tubercle.
1985;66:9e15.

6. Kamala T, Paramasivan CN, Herbert D, Venkatesan P,
Prabhakar R. Evaluation of procedures for Isolation of

i n d i a n j o u rn a l o f t u b e r c u l o s i s 6 6 ( 2 0 1 9 ) 4 6 1e4 6 7466

https://doi.org/10.1016/j.ijtb.2019.04.013
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref1
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref1
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref1
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref1
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref2
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref2
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref2
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref2
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref2
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref3
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref3
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref3
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref3
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref4
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref4
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref4
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref4
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref4
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref5
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref5
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref5
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref5
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref5
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref5
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref6
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref6
https://doi.org/10.1016/j.ijtb.2019.04.013
https://doi.org/10.1016/j.ijtb.2019.04.013


nontuberculous mycobacteria from soil and water. Appl
Environ Microbiol. 1994;60(3):1021e1024.

7. Parashar D, Chauhan DS, Sharma VD, Chauhan A,
Chauhan SVS, Katoch VM. Optimization of procedures for
isolation of mycobacteria from soil andwater samples obtained
in northern India. Appl Environ Microbiol. 2004;70(6):3751e3753.

8. Agarwal A, Jindal N. Isolation rates of nontuberculous
mycobacteria from Amritsar. Indian J Med Microbiol.
2001;19:230e231.

9. Thomson RM. Changing epidemiology of pulmonary
nontuberculous mycobacteria infections. Emerg Infect Dis.
2010;16:1576e1583.

10. Narang P, Narang R, Mendiratta DK, et al. Isolation of
Mycobacterium avium complex and M.simiae from the blood of
AIDS patients from Sevagram, Maharashtra. Indian J Tuberc.
2005;52:21e26.

11. Swaminathan S, Padmapriyadarsini C, Ramachandran R,
et al. Localized pulmonary Mycobacterium avium disease in
HIV-infected patients without access to HAART. J Int Assoc
Physicians AIDS Care (Chic). 2007;6(4):264e268.

12. Shah A, Stani A, Adalja M, George A. Immune reconstitution
disease or mycobacteria other than tuberculosis or both: a
dilemma in a patient of AIDS. Indian J Sex Transm Dis AIDS.
2012;33(1):44e46.

13. Morcillo N, Imperiale B, Palomino JC. New simple
decontamination method improves microscopic detection
and culture of mycobacteria in clinical practice. Infect Drug
Resist. 2008;1:21e26.

14. Bruker-Hain Diagnostics, GenoType Mycobacterium CM VER
2.0. Accessed on 28th February 2019 from https://www.hain-

lifescience.de/en/products/microbiology/mycobacteria/ntm/
genotype-mycobacterium-cm.html.

15. Griffith DE, Aksamit T, Brown-Elliott BA, et al. An official ATS/
IDSA statement: diagnosis, treatment, and prevention of
nontuberculous mycobacterial diseases. Official statement of
the American thoracic society (ATS). Am J Respir Crit Care Med.
2007;175:367e416.

16. Umrao J, Singh D, Zia A, et al. Prevalence and species
spectrum of both pulmonary and extrapulmonary
nontuberculous mycobacteria isolates at a tertiary care
center. Int J Mycobacterial. 2016;5(3):288e293.

17. Maurya AK, Nag VL, Kant S, et al. Prevalence of
nontuberculous mycobacteria among extrapulmonary
tuberculosis cases in tertiary care centers in northern India.
BioMed Res Int. 2015;2015:465403.

18. Hoefsloot W, van Ingen J, Andrejak C, et al. The geographic
diversity of nontuberculous mycobacteria isolated from
pulmonary samples: an NTM-NET collaborative study. Eur
Respir J. 2013;42(6):1604e1613.

19. Lim AYH, Chotirmall SH, Fok ETK, et al. Profiling non-
tuberculous mycobacteria in an Asian setting: characteristics
and clinical outcomes of hospitalized patients in Singapore.
BMC Pulm Med. 2018;18(1):85.

20. Anjana RM, Deepa M, Pradeepa R, et al. Prevalence of diabetes
and prediabetes in 15 states of India: results from the ICMR-
INDIAB population-based cross-sectional study. Lancet
Diabetes Endocrinol. 2017;5(8):585e596.

21. Myneedu VP, Verma AK, Bhalla M, et al. Occurrence of non-
tuberculous mycobacterium in clinical samples - a potential
pathogen. Indian J Tuberc. 2013;60:71e76.

i n d i a n j o u r n a l o f t u b e r c u l o s i s 6 6 ( 2 0 1 9 ) 4 6 1e4 6 7 467

http://refhub.elsevier.com/S0019-5707(19)30119-2/sref6
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref6
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref6
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref7
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref7
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref7
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref7
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref7
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref8
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref8
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref8
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref8
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref9
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref9
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref9
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref9
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref10
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref10
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref10
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref10
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref10
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref11
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref11
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref11
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref11
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref11
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref12
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref12
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref12
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref12
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref12
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref13
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref13
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref13
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref13
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref13
https://www.hain-lifescience.de/en/products/microbiology/mycobacteria/ntm/genotype-mycobacterium-cm.html
https://www.hain-lifescience.de/en/products/microbiology/mycobacteria/ntm/genotype-mycobacterium-cm.html
https://www.hain-lifescience.de/en/products/microbiology/mycobacteria/ntm/genotype-mycobacterium-cm.html
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref15
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref15
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref15
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref15
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref15
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref15
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref16
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref16
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref16
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref16
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref16
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref17
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref17
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref17
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref17
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref18
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref18
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref18
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref18
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref18
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref19
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref19
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref19
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref19
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref20
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref20
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref20
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref20
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref20
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref21
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref21
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref21
http://refhub.elsevier.com/S0019-5707(19)30119-2/sref21
https://doi.org/10.1016/j.ijtb.2019.04.013
https://doi.org/10.1016/j.ijtb.2019.04.013


Original article

Is sterile pyuria another minor diagnostic criterion
in urinary tuberculosis?

Ashwin Mallya, Vilvapathy Senguttuvan Karthikeyan*,
Ramaiah Keshavamurthy

Department of Urology, Institute of Nephrourology, Victoria Hospital Campus, Bangalore 560002, India

a r t i c l e i n f o

Article history:

Received 31 December 2017

Received in revised form

18 July 2019

Accepted 9 August 2019

Available online 15 August 2019

Keywords:

Urinary tuberculosis

Sterile pyuria

Diagnosis

a b s t r a c t

Introduction: Composite reference standard (CRS) is used for diagnosis of urinary tract

tuberculosis (UTB). We examined if addition of a new ‘component test’ as minor criterion

in the form of SP could improve the yield.

Methods: We identified patients admitted with a diagnosis of UTB from January 2009 to

February 2016 from our patient database. We performed the validation of addition of a new

‘component’ “sterile pyuria” to the existing basic CRS.

Results: SP was seen in 50 patients (65.7%). Forty (52.6%) of these patients had one major

criterion positive and 10 (13.1%) were diagnosed based on minor criteria. If SP was added as

a minor criterion, an additional 8 (9.2%) patients would have been diagnosed based on

minor criteria alone without the need for a histopathology.

Conclusions: SP could improve the diagnostic yield of existing CRS by 8% with a 70%

decrease in reliance on histopathology for diagnosis.

© 2019 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

1. Introduction

Tuberculosis (TB) of the urinary system (UTB) constitutes

15e20% of extra pulmonary TB.1 A high index of suspicion is

necessary for timely diagnosis of UTB to reducemorbidity and

mortality.2 Chaudhary et al proposed diagnostic criteria in

2004 to aid in the diagnosis of UTB.1 This composite reference

standard (CRS) is being employed in UTB because of inherent

difficulty in demonstrating mycobacteria by microbiological

or histopathological methods in all patients.1,2 Empiric

anti-tuberculous therapy (ATT) is associated with seriousside

effects like hepatotoxicity and optic neuritis and prolonged

periods of ATT intake.3 ‘CRS’ is formulated using a fixed rule to

establish the final diagnosis based on the results of two or

more ‘component tests’.1,4

While employing these criteria, theurologist is facedwith the

problem that none of the major criteria or only a single minor

Abbreviations: TB, Tuberculosis; GUTB, Genitourinary tuberculosis; LUTS, Lower urinary tract symptoms; HIV, Human immunodefi-
ciency virus; ESR, Erythrocyte sedimentation rate; IVU, Intravenous urogram; CECT, Contrast enhanced Computed Tomography; PCN,
percutaneous nephrostomy; DJ, double J; VUJ, Vesicoureteric junction; DOTS, Directly observed treatment shortcourse; PCR, Polymerase
chain reaction; ATT, Anti tubercular treatment.
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criterion is present in some patients and the treatment becomes

empirical. Bladder biopsy in UTB has low sensitivity, needs

general anesthesia and utmost care to prevent catastrophic

complications like bladder perforation.5 Subtle radiologic find-

ings of UTB on intravenous urography (IVU) and treated pulmo-

nary TB may be missed at times. Though sterile pyuria (SP) is

frequently seenwith UTB, interestingly, it has not found its way

into the CRS yet.We aimed to identify the diagnostic yield of the

existing criteria in suspected UTB and also examined if addition

of a new ‘component test’ as minor criterion in the form of SP

could improve the utility of the existing CRS.

2. Patients and methods

This was a hospital-based study performed at a tertiary care

referral urological centre in South India. We identified patients

admittedwith a diagnosis ofUTB from January 2009 to February

2016 from our patient database based on the Chaudhary et al

CRS.1 UTB treated empirically and patients with exclusive

genital tuberculosis were excluded. Data pertaining to de-

mographics, clinical presentation, blood and urine in-

vestigations, contrast radiological investigations including IVU

or contrast enhanced computed tomography of kidney, ureter

and bladder (CECT KUB), diagnostic cystoscopywith or without

biopsy, surgical procedures and histopathology were recorded.

Major criteria include urine acid fast bacilli (AFB) positivity,

urine positivity for polymerase chain reaction (PCR) and

granulomatous lesion on histopathology examination (HPE).

Minor criteria included radiological features suggestive of

tuberculosis, hematuria, elevated erythrocyte sedimentation

rate (ESR) and pulmonary changes consistent with healed

pulmonary tuberculosis. Presence of one major or two minor

criteria should be considered as UTB.1

We performed the validation of addition of a new

‘component’ “sterile pyuria” to the existing basic CRS pro-

posed by Chaudhary et al, to formulate a new CRS based on

appropriate statistical principles.1,4,6 We identified the pro-

portion of patients that could be diagnosed based on major

criteria alone or various combinations of two minor criteria.

We employed these criteria in a stepwise fashion and

identified the number that was positive for major criteria and

those patients who could be diagnosed when minor criteria

are applied. Standard radiologic criteria suggestive of UTB

included calyceal or infundibular stenosis, ureteric stricture,

hydroureteronephrosis, shrunken bladder and poorly func-

tioning kidney.5,7,8 Cystoscopic findings suggestive of UTB

included cystitis with tubercles on mucosa, ureteric orifice

abnormalities and reduced capacity bladder.5,8 We identified

how many patients were diagnosed based on granulomatous

pathology on HPE using cystoscopic biopsy and in how many

patients diagnosis was reached only after nephrectomy when

the other two major and all minor criteria were negative.

We then added SP as a new minor criterion and identified

how many patients could be additionally diagnosed when

only a single minor criterion was positive. We evaluated if

including microscopic hematuria was useful in improving the

diagnostic yield. We also examined in howmany patients this

addition could have avoided a cystoscopic biopsy for diagnosis

of UTB when other criteria were negative. Based on these

findings, we developed an algorithm to aid in the clinical

diagnosis in patients suspected to have UTB.

3. Results

During the period, 76 patients with UTB conformed to the

existing CRS.1 The mean (±SD) age was 41 ± 13 years at

presentation and 50 (65.7%) were males.

3.1. Clinical presentation

Themost frequent symptoms in decreasing order of occurrence

were irritative lower urinary tract symptoms (LUTS) constituted

by increased frequency and/or nocturia and urgency in 49

(64.5%), dysuria in 42 (55.3%), pain abdomen in 26 (34.2%), low

grade fever in 25 (32.9%) and hematuria in 23 (30.3%) patients.

Eleven (14.5%) were treated for pulmonary TB in the past.

3.2. Investigations

Sterile pyuria (SP) was observed in 50 (65.7%) of patients.

Microscopic hematuria was seen in 43 (56.6%) patients. The

median (IQR) ESR was 40 (50.75) mm at the end of one hour.

Elevated ESR (ESR >20 mm at one hour for males and >30 mm

at one hour for females) was observed in 54 (71%) patients.

Urine was positive for AFB in 23 (30.2%) and for PCR in 11

(14.5%) patients. Radiological changes on IVU or CECT KUB

characteristic of UTB were seen in 59 (77.6%) patients. Diag-

nostic cystoscopy was performed in 40 (52.6%) patients and 34

(44.7%) had positive findings suggestive of UTB. HPE was

positive in 15 (19.7%) out of 30 patients in whom cystoscopic

biopsy was done.

3.3. Applying diagnostic criteria (Fig. 1)

Applying major and minor criteria in our patients, we were

able to diagnose 57 (75%) patients on the basis of major criteria

alone and 19 (25%) patients on the basis ofminor criteria alone.

Of the 57 patients diagnosed onmajor criteria, 3 (5.2%) had all 4

minor criteria positive, 18 (31.5%) had 3 minor criteria, 20 (35%)

had 2minor criteria and 8 (14%) had atleast oneminor criterion

positive. In 8 (14%) patients, none of the minor criteria were

seen. The distribution ofminor criteria in these 57 patientswas

raised ESR in 39 (68.4%) patients, radiological changes in 33

(43.4%), macroscopic hematuria in 18 (23.6%) and CXR changes

of past pulmonary TB in 5 (6.5%) patients. The commonest

minor criteria positive were radiological changes and raised

ESR in 15 (78.9%) each, 3 (15.7%) had macroscopic hematuria

and 6 (31.5%) had changes suggestive of TB in chest X-ray. Of

note, radiological changes on IVU/CTU and elevated ESR were

the commonest minor criteria positive across the whole data

set and a combination of atleast these two was positive in 50

(65.7%) patients. We propose an algorithm in a stepwise

manner based on the existing diagnostic criteria (Fig. 1).

3.4. Addition of sterile pyuria (SP) (Fig. 2)

SP was seen in 50 patients (65.7%). Forty (52.6%) of these

patients had any one of the major criterion positive and 10
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(13.1%) were diagnosed based on minor criteria. If SP was

added as a minor criterion to aid in diagnosis, it was observed

that an additional 8 (9.2%) patients would have been diag-

nosed based on minor criteria alone without the need for a

histopathological diagnosis. This increases the yield of minor

diagnostic criteria to 26 patients (34.2% of total cohort), from

the earlier 19 patients thereby precluding an invasive pro-

cedure like cystoscopic biopsy in 5 patients and waiting

for histopathology of surgical specimen in 2 patients. Thus

dependence on HPE as a major diagnostic criterion was

brought down to 21.05% compared to the earlier 30.2%.

4. Discussion

Empirical treatment of UTB with ATT is associated with

problems. There is no randomized trial examining the dura-

tion of ATT. There is often poor compliance to ATT due to its

Fig. 1 e Flow chart depicting three investigational tiers for suspected urinary tuberculosis. Number of patients is indicated

and percentages in parantheses. Numbers in boxes indicate the cumulative yield of diagnosis using major criteria alone

(purple) or minor criteria also (red) as we investigated in a sequential approach. Numbers in yellow circle depicts the

number of patients requiring HPE if minor criteria are strictly used for diagnosis. There is a decrease of 39% in patients

requiring HPE to diagnose TB. AFB ¼ Acid fast bacilli in urine; ESR ¼ erythrocyte sedimentation rate; CXR ¼ Chest X ray

findings suggestive of past pulmonary tuberculosis; PCR ¼ Urine TB-Polymerase chain reaction; IVU ¼ Intravenous

urogram; CTU ¼ Computed tomography urogram; HPE ¼ Histopathological examination.
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side effects. Drug-induced hepatotoxicity is an important

complication necessitating temporary stoppage of its intake.

Incidence of drug resistance and prolonged ATT intake in

these patients also calls for proper diagnosis of UTB.3 Before

surgicalmanagement of UTB, ideally ATT is started 4e6weeks

prior to reduce bacillary load.8 Cystoscopic biopsy has 18e52%

sensitivity but is associated with chances of bladder perfora-

tion andmorbidity.5 Thesemake the preoperative diagnosis of

UTB imperative.

Most tests lack either sensitivity or specificity thus

making diagnosis of UTB difficult. To overcome this prob-

lem, CRS is employed in UTB. CRS is formulated using a

fixed rule to combine the results of two or more ‘compo-

nent’ tests. This circumvents the problem associated with

imperfect reference standard bias to generate a pseudo-

reference. However CRS cannot completely eliminate this

bias.4,9 We tested the addition of SP as an additional

‘component’ test.

Fig. 2 e Effect of sterile pyuria(SP) added to minor diagnostic criteria. Number of patients is indicated and percentages in

parantheses. Numbers in maroon circles indicate additional patients diagnosed if sterile acid pyuria is added as one of the

minor diagnostic criteria. Number in yellow circle depicts the number of patients requiring HPE if sterile acid pyuria is added

as one of theminor criteria. Close to 74% decrease in the utilization of HPE in diagnosis of TB. AFB¼ Acid fast bacilli in urine;

ESR ¼ erythrocyte sedimentation rate; CXR ¼ Chest X ray findings suggestive of past pulmonary tuberculosis; PCR ¼ Urine

TB-Polymerase chain reaction; IVU ¼ Intravenous urogram; CTU ¼ Computed tomography urogram;

HPE ¼ Histopathological examination.
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4.1. Diagnostic criteria

Chaudhary et al CRS are widely followed in our country.

We applied these criteria and found them to be useful with

75% of cases diagnosed based on major criteria alone and

minor criteria alone being diagnostic in 25%. However for the

purpose of the current study, we did not include patients who

were empirically treated as UTB and only one minor criterion

was positive. In addition, we found that a combination of

raised ESR and radiological changes was present in over 65%

of the patients. We also found that if minor criteria had also

been considered strictly, we could have possibly avoided

diagnosis by biopsy in an additional 9 patients (11.7%) and

only 14 (18.5%) patients would have required histopatholog-

ical proof of tuberculosis.

Kapoor et al performed a Medline database literature

search in 2008 and reviewed over 100 articles published from

1998-2007.2 They used the criteria proposed in 2004 and pro-

posed an algorithm to diagnose UTB in suspected cases.1,2

The Association of Southern Urologists (ASU) published

consensus guidelines in 2015 after reviewing a large number

of available national and international publications and have

recommended the use of these criteria.10

4.2. CBNAAT

Card based Nucleic Acid Amplification test (CBNAAT) is

recently being reported to be a rapid and useful diagnostic test

for tuberculosis. The sensitivity of Gene-Xpert MTB/RIF ranges

from 83 to 95% and specificity ranges between 79 and 99%

based on a systematic review in two good quality studies.

Based on pooled analysis, this review reported a sensitivity of

87% and specificity of 91%.11 In a recent report, the reported

sensitivity was 69% and specificity was almost 100% in com-

parison with CRS.12 This is a rapid test in which results are

available as early as three hours. However cost is a limiting

factor for Gene-Xpert in developing nations.13 Results of PCR

can be influenced by contaminants, drugs, metabolites and

urea in urine.11 CBNAAT reduces cross contamination and

helps in rapid turnover of samples.12 CBNAAT has been

employed in peripheral centres for public health programs

with good success.14

4.3. Addition of sterile pyuria (SP)

UTB is an important cause of SP after ruling out calculi, prior

antibiotic therapy and tumor which can be diagnosed during

evaluation. When we added SP as an additional minor crite-

rion, we could diagnose 7.9% patients at first level when urine

AFB was negative and ESR was elevated. When urine PCR and

contrast radiological investigations were done, SP was able to

detect an additional 10.6% in combination with radiology.

We observed SP offered an increase in 18.5% which was

beneficial to detect patients diagnosed on HPE (73.9%

decrease) using cystoscopic biopsy or a diagnosis reached

postoperatively after nephrectomy. This could reduce the

number of cystoscopic biopsies to diagnose UTB. We propose

the addition of sterile pyuria as an additional minor criterion

to the existing CRS (Table 1).1 A combination of positive CECT

abdomen/IVUfindings alongwith sterile pyuria can be the two

key minor criteria to clinch the diagnosis of UTB.

4.4. Limitations

Our study had a few limitations. It was a retrospective record

review and hence we included only those patients who were

diagnosed to have UTB based on the standard criteria for UTB

and assessed the effect of adding SP. Urine PCR/CBNAAT was

underutilised in our study because of the non-availability and

expense in the earlier period in the study.

5. Conclusions

We identified that the addition of SP could improve the

diagnostic yield of existing criteria by 8% with a 70% decrease

in reliance on histopathology for diagnosis. With modifica-

tions of the existing criteria, the use of cystoscopic biopsy as a

tool to diagnose UTB in the absence of sufficient yield on

other investigations or diagnosis only on postoperative HPE

can be reduced substantially. Addition of SP, adding weight-

age for IVU and cystoscopy findings, microscopic or macro-

scopic hematuria and increasing the number ofminor criteria

necessary to diagnose UTB will increase the sensitivity and

specificity of the existing diagnostic criteria. This should be

validated at many urological centres after approval by

experts.
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Supplementary data to this article can be found online at

https://doi.org/10.1016/j.ijtb.2019.08.004.

Table 1 e Composite reference standard for diagnosis of urinary tuberculosis with suggested revision.

Major Criteria Minor Criteria

1. Urine positive for acid fast bacilli 1. Radiological (CECT/IVU) features suggestive of UTB

2. Hematuria

2. Urine polymerase chain reaction positive 3. Elevated ESR

4. Chest X ray suggestive of old healed pulmonary tuberculosis

3. Granuloma on histopathology 5. Sterile pyuriaa

a Added by authors.
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a b s t r a c t

Background and objectives: Tuberculosis (TB) remains one of the most challenging global

health problems as resistance to first-line antimycobacterial drugs continues to rise in

many countries worldwide. Isoniazid-resistant TB without MDR-TB poses a serious threat

to the management and control of TB across the world. The aim of this study was to

investigate the extent of katG315 and inhA-15 mutations in Mycobacterium tuberculosis

strains isolated from pediatric TB patients from a tertiary care hospital.

Material and methods: A total of 51 pulmonary and extra pulmonary specimens were

collected from clinically suspected pediatric TB cases, who were microbiologically

confirmed. Resistance to INH was detected by 1% proportion method. katG315 and inhA-15

genes were amplified by PCR and detection of mutations in katG315 and inhA-15 genes was

done by sequencing.

Result: A sample size of only 51 could be achieved due to short duration of the study. 36/51

(70.6%) culture isolates were obtained and put for drug susceptibility test, 5(13.89%) were

resistant for isoniazid. M. tuberculosis DNA was found in fifty samples. Mutations in either

katG315 or inhA-15 genes were found in 7/50 (14%) samples. Six of seven (85.7%) had mu-

tation in katG315 gene and 1/7 (14.2%) had mutation in inhA-15 gene.

Conclusion: INH resistance not only reduces the probability of treatment success, but may

also facilitate the spread of MDR-TB and reduce the effectiveness of INH preventive therapy

(IPT) therefore quantification of the magnitude of INH resistant TB and variation in fre-

quency of isoniazid resistance associated mutations is important.
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1. Introduction

Tuberculosis (TB) remains one of the most challenging global

health problems as resistance to first-line antimycobacterial

drugs continues to rise in many countries

worldwide.Multidrug-resistant (MDR) TB and extensively

drug-resistant (XDR) TB are increasing globally, with almost

4,80, 000 new MDR-TB cases and 1,90, 000 estimated deaths

due to MDR-TB worldwide in 2017.Among the new TB cases,

an estimated 3.3% have multidrug-resistant TB and this pro-

portion is much higher (up to 20%) among the previously

treated cases for TB. At least 1million children become ill with

TB each year and represent about 10e11% of all TB cases

worldwide. According to World Health Organization (WHO)

estimates 2, 10,000 children died of TB in 2017, hence the ur-

gency to combat TB in children cannot be underestimated.1

Today, throughout the world isoniazid (INH) and rifampi-

cin(RMP) together form the backbone of short course chemo-

therapy for Mycobacterium tuberculosis (M. tuberculosis)

infection. Several studies have pointed out that strains resis-

tant to INH and RMP already develop resistance to other an-

timicrobials; therefore, resistance to these antimicrobials is

considered as marker for the detection of strains of MDR-TB.

About 9.5% of TB cases globally (14% previously treated and

8.1% of newly diagnosed cases) are estimated to have isoni-

azid resistant TB without coexisting MDR TB.2 This poses a

serious threat to themanagement and control of TB across the

world. Quantification of the magnitude of INH resistant TB is

therefore important because INH resistance not only reduces

the probability of treatment success, but may also facilitate

the spread of MDR-TB and reduce the effectiveness of INH

preventive therapy (IPT).3

INH exhibits mycobactericidal activity by inhibitingmycolic

acid biosynthesis.4 For isoniazid, mutationsmainly in katG and

inhA gene promoter, and infrequently in ahpC, oxyR, kasA, furA

and ndh genes, confer resistance to the drug.5 Approximately

64% of the phenotypic resistance to isoniazid globally is

attributed to the katG/Ser315Thr mutation.6 As mutations in

katG, particularly at codon 315, confer high-level INH resis-

tance, INH is ineffective for the treatment ofM. tuberculosiswith

this mutation profile. The inhA regulatory region encodes

nicotin-amide adenine dinucleotide-dependent enoyl-acyl

carrier protein reductase, the primary target of active INH, as

well as ethionamide and prothionamide.6 inhA mutations

cause low-level resistance to the drug, which means that high

doses of INH may be effective against M. tuberculosis.7

TB control programs in many countries rely on rapid iden-

tification of cases for effective treatment of the disease. Impor-

tantly, thedrug-resistant formsofTBrequireaccuratediagnosis

to guide therapy and interrupt transmission.8 The conventional

culture-based diagnostics for TB, often not available in the

developing countries; are slow, labor intensive and expensive.

The demand for rapid TB diagnostics led to the development

and introduction of commercial molecular tests into practice.

Two commonly used tests are the “Xpert MTB/RIF”, which di-

agnoses TB and detects rifampicin resistance, and the Geno-

TypeMTBDRplus (lineprobeassay),whichdetectsM. tuberculosis

and its resistance toboth rifampicinand isoniazid.9,10Molecular

tests for TB target spontaneous point mutations in specific

genes and/or loci in the M. tuberculosis chromosome that are

associated with drug resistance. Regional variation in the fre-

quencies of rifampicin and isoniazid resistance-conferring

mutations has been reported and this could limit the sensi-

tivity of molecular tests detecting resistance.6,8

The aim of this study was to investigate the extent of

katG315 and inhA-15 mutations in M. tuberculosis strains

isolated from pediatric TB patients from a tertiary care

hospital.

2. Material and methods

2.1. Study design and setting

This was a cross sectional observational study conducted at

the Departments of Microbiology, Pediatrics and DOTS centre;

University College of Medical Sciences (UCMS) &Guru Teg

Bahadur (GTB) Hospital, Delhi; during one and half year of the

study period (2017e2019): All newly diagnosed pediatric TB

cases�12 years of agewere included in the study. Caseswith a

previous history of TB or taking antitubercular therapy were

excluded from the study. Ethical Clearancewas obtained from

the Institutional Ethics Committee-Human Research.-

Informed written consent was taken from the parents/

guardian of the study subjects prior to conducting the study

and from children >7 years informed written assent was also

obtained.

2.2. Specimen collection and processing

A total of 51 pulmonary (sputum, gastric lavage aspirate) and

extra pulmonary (cerebrospinal fluid, pus, pleural fluid and

lymph node aspirate) specimens were collected from clini-

cally suspected pediatric TB cases, who were microbiologi-

cally confirmed by Zeihl Neelsen staining for acid fast bacilli

and/or culture for M. tuberculosis and/or cartridge-based

nucleic acid amplification test (CB-NAAT). Culture was

accomplished on Lowenstein-Jensen (LJ) medium and the

isolates were identified by standard microbiological methods

such as Ziehl-Neelsen staining, colony morphology, pigment

production, growth rate, para nitro benzoic acid test and MPT

64 antigen detection test. Specimens were decontaminated

with N-acetyl L-cysteine (NALC) e 4% Sodium Hydroxide

(NaOH)method, cultured on LJmedium and incubated at 37 �C
for 3e10 weeks, until M. tuberculosiscolonies appeared on the

surface. Resistance to INH was detected by culturing bacterial

suspensions (0.5 McFarland) on Lowenstein solid medium

containing INH (0.2 mg/mL) according to 1% proportion

method. M. tuberculosis was considered to be resistant to a

drug only if the number of colonies obtained on drug con-

tainingmediumwas at least 1% of those obtained on drug free

medium.11 For all experiments, M. tuberculosis H37RV was

used as the standard.

2.3. DNA extraction

DNA was extracted from clinical specimens or culture iso-

lates (where required). HiPurATMM. tuberculosis DNA Purifi-

cation Kit (HiMedia Laboratories Pvt. Limited, Nashik MH)
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was used for DNA extraction according to the manufacturer's
instructions.

2.4. PCR amplification

Preliminary detection of M. tuberculosis was done by the

amplification of a 130 bp fragment of the insertion sequence

IS6110. Primers used were: IS6110F

(CTCGTCCAGCGCCGCTTCGG) and IS6110R (CCTGCGAGCG-

TAGGCGTCGG). The primers used for PCR amplification and

detection of mutations in katG315 and inhA-15 genes were 250

bp and 245 bp respectively. Primers used were: katG315F

(GGCCCCGAACCCGAGGCTGC), katG315R (AACGGGTCCGG-

GATGGTGCCG) and inhA-15F (CCGCCGATGAGAGCGGTGAGC),

inhA-15R (CCACTGCTTTGCCGCCACCGC).12 The following

thermocycler parameters were applied with initial denatur-

ation at 95 �C for 5 minutes; 35 cycles of denaturation at 95 �C
for 30 seconds; primer annealing at 60 �C for 30 seconds;

extension at 72 �C for 30 seconds; and a final extension at 72 �C
for 5 minute. The PCR product was amplified and purified

again and checked on the gel electrophoresis. The final puri-

fied DNA obtained was used for sequencing.

2.5. DNA sequencing and data analysis

PCR products of the katG315 and inhA-15 genes were purified

using QIAquick PCR Purification Kit to remove contaminants.

Purified DNA bands were run on agarose gel and quantified

comparing the intensity of band with the DNA ladder (100ng/

ul). Forward and reverse DNA sequencing reaction of PCR

amplicon was carried out with gene specific forward and

reverse primers using BDT v3.1 Cycle sequencing kit on ABI

3730xl Genetic Analyzer.

The obtained sequencing files were analyzed by

sequencing analysis software, freely available web-based

software NCBI Basic Local Alignment Search Tool (BLAST)

(assessable at: http://blast.ncbi.nlm.nih.gov/). The sequencing

data were compared with the corresponding sequences of M.

tuberculosis strain H37Rv (http://genolist.pasteur.fr/Tuber-

cuList/)

3. Result

Out of 51 clinical specimens 36 (70.6%) culture isolates were

obtained and put for drug susceptibility testing for isoniazid

by 1% proportion method. Out of the 36 culture isolates on

which DST was done,5 (13.89%) were resistant for isoniazid.

Table 1 shows the microbiological profile of these five

phenotypically resistant isolates. Out of the five, 2 (40%) were

smear negative.

DNA was extracted from fifty one clinical samplesor

culture isolates (where required). Preliminary detection of

M. tuberculosis was done by the amplification of a 130 bp

fragment of the insertion sequence IS6110, found in fifty

samples used for detection ofkatG315 and inhA-15 genes.

katG315 and inhA-15 genes were detected in all fifty

samples.

Mutations in either katG315 orinhA-15 genes were found in

seven (14%) samples out of the 50 PCR products subjected to

Table 1 e Microbiological profile of isoniazid resistant isolates showing phenotypic drug resistance by 1% proportion
method.

S. No. Type of TB (clinical specimen) Smear microscopy finding for acid fast bacilli CBNAAT result

1 Pulmonary TB (gastric aspirate) Positive Positive

2 Pulmonary TB (gastric aspirate) Positive Positive

3 Extra pulmonary TB (cerebrospinal fluid) Negative Positive

4 Pulmonary TB (gastric aspirate) Negative Positive

5 Pulmonary TB (gastric aspirate) Positive Positive

Fig. 1 e Frequency distribution of katG315 &inhA-15 mutations for isoniazid resistance (n ¼ 7).
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sequencing. Six of seven (85.7%) hadmutation inkatG315 gene,

causingAGC to ACC substitution and 1/7 (14.2%) had mutation

in inhA-15 gene with C to T substitution (Fig. 1).

Out of these seven samples five (71.4%) were culture posi-

tive and demonstrated isoniazid resistance phenotypically.

These five samples found only katG315 mutation. No muta-

tions for katG315 and inhA-15 genes were detected in thirty

one isoniazid drug susceptible isolates by phenotypicmethod.

Two samples which were negative for culture were found to

have isoniazid resistance associated mutation, one for

katG315 andthe other forinhA-15 genes. Four out of seven

samples (57.1%) that showed mutations for isoniazid resis-

tance were smear negative (Table 2).

4. Discussion

This study addressed the extent of isoniazid resistance and

associated mutations in M. tuberculosis among pediatric TB

patients from a tertiary care hospital.Isoniazidresistance was

found in 14% of culture positive pediatric TB casesby pheno-

typic method. These results were almost similar to an Indian

study, which reported 8.7% resistance to isoniazid.13 Results

of a study from Pune among adults,in agreement with our

study, reported 25% isolates resistant to isoniazid in combi-

nation with other drugs.14 A recent study from Mumbai re-

ported 6.6% prevalence of drug resistant TB among children.

Among the total resistant isolates, isoniazid resistance was

reported to be 96.8%.15 In a study among the 148 isolates in

whom drug susceptibility testing was undertaken, the overall

prevalence of isoniazid resistance was 14.2%.16 In a recent

systematic review of 95 studies that included 8351 pediatric

TB cases, the median proportion of children with isoniazid

resistance was 8%.17 Among the 51 microbiologically

confirmed pediatric TB cases in our study, the proportion of

children who had isoniazid resistance was 9.8%.The higher

prevalence of isoniazid resistance has important implications.

Isoniazid remains the cornerstone drug throughout the course

of treatment for non-MDR-TB. It is also the drug of choice for

chemoprophylaxis of TB in developing countries for treating

latent TB infection and child contacts of infectious tubercu-

losis cases. So, the preventive therapy aswell as the treatment

would get compromised, if this drug is no longer effective. The

widespread presence of isoniazid resistance in children also

points to the need for alternative regimens to treat isoniazid-

resistant tuberculosis in children. A significant proportion of

children with latent tuberculosis infection (LTBI) may require

alternative prophylactic regimens in terms of preventive

treatment. Moreover, it is a predictor for MDR-TB in the future

since MDR-TB has been reported to often develop from initial

isoniazid mono-resistant strains.18 A recent study reported a

high proportion of treatment failure in INH-monoresistant

patients, underscoring the importance of early detection and

close monitoring of these patients with rapid diagnosis.19 In

comparison, identical outcomes were achieved between pa-

tients with INH-monoresistant TB and those with drug-

susceptible TB when early diagnosis of resistance and

tailored therapy were implemented.20,21

Isoniazid resistance associated mutation in katG315 and

inhA-15 genes were present in 14% of our samples. katG315

mutation accounted for 85.7%.Hence, and as per RNTCP

guidelines too, in children found to be resistant to isoniazid;

isoniazid needs to be stopped and replaced by levofloxacin

without further sequencing for inhA mutations if sufficient

data suggest the same. Variation in frequency of isoniazid

resistance associated mutations may be because of varied

geographical distribution, circulating strain patterns and

demographic, ethnic or epidemiological differences. Previ-

ous studies have identified highly variable frequencies of

these mutations; with katG315 mutations accounting for 42

to 95% and inhA-15 mutations accounting for 6 to 43% of the

phenotypic INH resistance.22,23 In our case katG315 muta-

tion accounted for 100% of the phenotypic isoniazid resis-

tance and inhA-15 mutation was not present in any one of

them, though, studies on greater sample size would be able

to elucidate this further. In another study, out of 251 isoni-

azid resistant strains, 227 (90.4%) had detectable mutations:

75.3% in katG codon 315 (katG315) and 28.2% in the inhA

promoter region. katG315 mutations were significantly

associated with pretreatment resistance to streptomycin,

rifampicin, and ethambutol.Unfavourable treatment

outcome was, however, significantly associated with

katG315 mutations.24 There is a higher probability of intra

macrophage survival of bacteria having an inhA mutation

than for the strains having katG315 mutation because of full

catalase-peroxidase expression. So there is increased risk of

relapse, in particular for inhA mutations, because the

catalase-peroxidase release is a component of the bacterial

oxyRresponse which helps the bacteria to survive inside

macrophages.24

Table 2 e Clinico-microbiological correlation among seven PCR products showing mutations for isoniazid resistance.

Type of TB (clinical specimen) Smear microscopy
finding for acid fast

bacilli

CBNAAT
result

Culture
finding on LJ

medium

Phenotypic
isoniazid
resistance

Mutation on sequencing
of katG315 and inhA-15

genes

1 Pulmonary TB (gastric aspirate) Positive Positive Positive Resistant katG315

2 Pulmonary TB (gastric aspirate) Positive Positive Positive Resistant katG315

3 Pulmonary TB (sputum) Negative Positive Negative * katG315

4 Extra pulmonary TB (cerebrospinal fluid) Negative Positive Positive Resistant katG315

5 Pulmonary TB (gastric aspirate) Negative Positive Positive Resistant katG315

6 Pulmonary TB (gastric aspirate) Positive Positive Positive Resistant katG315

7 Extra pulmonary TB (pus) Negative Positive Negative * inhA-15

*2 samples were negative for culture.
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Low-level resistance to INH can also confer resistance to

ETH, while M. tuberculosis with high-level INH resistance is

susceptible to ETH.Many studies have demonstrated that high

doses of INH (16e18 mg/kg) may be safely used without

increased risk of toxicity for the treatment of MDR- and XDR-

TB in cases of low-level INH resistance.6,7 The most signifi-

cant finding of our study is the S315Tmutationwhich seems to

represent amechanismof development of resistance to INH in

the circulating strains in our environment. This biological

behaviour could provide us with the opportunity to use S315T

mutation in rapid diagnostic tools on newer platforms that

wouldpotentially detect at least 88%of resistant strains,which

is particularly relevant in patients with treatment fail-

ure.Nearly 90% of INH resistance in India is caused by katG

mutations, associated with high-level resistance and poor

treatment outcomes; the development of MDR-TB is preceded

by development of resistance to INH. Our study being time

bound, patients could not be followed up to know the treat-

ment outcome. INH resistance at the time of initiation of

treatment leads to an increased incidence of treatment failure

and relapse as compared to the pan sensitive strains. Data

from the most recent National workshop on DST-guided

treatment in India reveals poor treatment success rates for

INHmono resistant TB, ranging from31% to 53%.25 Studieswill

need to define clinical risk factors for INH mono resistance,

perform universal DST to allow detection of INH resistance in

all cases, and conduct prospective trials to determine optimal

treatment regimens for patients with INH mono resistance.

Drug resistant TB is challenging to diagnose in a sick child

because of the difficulty of obtaining a sample containing

enough bacteria to enable drug susceptibility testing. Undi-

agnosed drug resistance can lead to the inadvertent use of

ineffective treatment regimens for children, increasing their

risk for treatment failure and death.Recognition of INH resis-

tance patterns and the frequency of katG and inhA mutations

in different geographic areas may help to guide decision

making about standardisation of treatment regimens or

individualised treatment, mainly in MDR or XDR-TB cases as

for such situations the availability of effective drugs is limited.
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a b s t r a c t

Background: There is limited access to radiology facilities in most parts of India leading to

significant under diagnosis and underreporting of smear negative clinically diagnosed

tuberculosis (CDTB). Public Private Partnership (PPP) has a lot to contribute towards

addressing this gap through providing access to chest x-ray (CXR) in far-off locations.

Method: Mobile vans equippedwith digital CXR equipment and support staff were provided by

a Corporate Hospital working closely with government, with scheduled visits to government

peripheralhealth institutes. Patients receivedupfrontCXRandsputummicroscopyalongwith

GeneXpert in accordance with the revised TB diagnostic algorithm prescribed by the national

program, Following a successful pilot in 2014 in district Rewari, “TB free Haryana” was

launched in November 2015 with a phased roll out in 16 districts by 2018.

Results: The pilot initiative in 2014 confirmed practical and clinical feasibility and revealed a

high rate (30% of people screened) of CDTB i.e. symptomatic cases with radiologic abnor-

malities compatible with Pulmonary TB. In the first year (2016), 5 districts were covered and

a total of 3340 CXRs were carried out. There was an increase in the case notification rates of

new CDTB (smear negative) in 2016 compared to 2015 (p ¼ 0.036); yielding an additional 180

cases and an 11.67% increase in case detection. Scale up to a total of 13 and 16 districts took

place successfully in 2017 and 2018 respectively; with 6268 CXRs and 8021 CXRs done in the

respective years.

Conclusion: PPP can involve Corporate Hospitals to improve the existing diagnostic infra-

structure and provides access to CXR in a not-for-profit sustainable collaboration, with

scale-up to the state level; and potential to replicate this initiative in other states.
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1. Introduction

India is one of the 20 high tuberculosis (TB) burden countries

with an estimated 2740 000 new cases of TB and 421 000 TB

deaths in 2017.1 The Revised National Tuberculosis Control

Program (RNTCP) reported a 35% gap in case detection in 2017.1

This means we are missing millions of cases every year. Until

we plug this gap, our dream of Ending TB will remain far from

reality.

One of the strategies recommended by the national pro-

gram is to actively identify these missing undiagnosed cases

from the community, also known as active case finding (ACF).

However, most of the ACF approaches have used sputum

microscopy to identify bacteriologically confirmed cases,

therebymissing smear negative cases also known as clinically

diagnosed TB who continue to infect others. To target these

missing cases who escape bacteriological tests, World Health

Organization (WHO) has recommended CXR in combination

with laboratory based diagnostic tests to contribute to earlier

and accurate diagnosis of TB.2

In accordance with the global consensus, the recent

Revised National Tuberculosis Control Program (RNTCP)

guidelines in India have recommended a revised diagnostic

algorithm in 2016, placing CXR early in the algorithm to be

done simultaneously with sputum.3 But this has remained in

principle only as there is limited access to CXR facilities.

Private sector can play a crucial role in addressing this gap

in diagnostic infrastructure. The role of the private sector in

early diagnosis and improved case finding is outlined in the

National Strategic Plan of the RNTCP. However, the precise

future configuration of the Private Public Mix (PPM) in India is

unclear andmany such projects fail to sustain. Our goal was to

contribute to improved TB diagnostic services within the state

of Haryana alongside existing GOI health workers and algo-

rithms through a PPM model.

As part of a PPM model, chest radiography facilities were

providedbya corporatehospital to complement themicroscopy

and Xpert facilities available in the public sector in the state of

Haryana. Using the digital chest x-ray (CXR) unit mounted on a

mobile van and an enhanced case finding approach, the revised

RNTCP algorithm was implemented to screen patients with

presumptive TB for the presence of active TB under the TB-Free

Haryana campaign.All patientswith presumptive TB (i.e. cough

more than two weeks) underwent sputum examination and

digital CXR simultaneously. Patients eligible for Xpert according

to the RNTCP guidelines were also referred for Xpert testing.

The project started as a pilot in Mewat district of Haryana

in 2014 following its launch in 2015. During the period

2016e18, the project was expanded to 16 district of the state.

We discuss here the development of this PPM during the

period 2014e18 and the yields of this activity which promises

early success and benefits that may be replicated elsewhere.

2. Method

2.1. Local setting

Haryana is a north Indian state with a population of 25.4million

in 21districts,withvery lowHIV rates.Majority of thepopulation

(65%) lives in rural villages.4 The notification rate of TB is 150/

100,000 population, with a lower than expected level of smear

negativerateofPTB.5Thedifficulty inaccessingChestx-ray (CXR)

in rural villages was an identified gap in the diagnosis of PTB.

2.2. Project ‘TB Free Haryana’

a) Pilot

A pilot studywas initiated to look at the potential benefit of

improving access to CXR by employing a mobile digital X-ray

van, the cost beingmet by the Corporate Hospital, alongwith a

radiographer, driver, and administrator to collect basic patient

information. A timetable for visits to Peripheral Health In-

stitutes (PHIs) was prepared. Rural remote villages which have

vehicular access were chosen by the District TB Officer (DTO).

Using the RNTCP algorithm for the diagnosis of PTB,3 villagers

were identified by the local Accredited Social Health Activists

(ASHAs) with cough lasting for more than 2 weeks, 2 negative

sputum smear tests, and not-responding to antibiotics. CXR

was recommended for all. The patient was asked to attend the

local PHI for a timetabled van visit to get the CXR done. This

pilot study ran fromMay to December 2014 andwas evaluated

as a worthwhile exercise.6 This led to further engagement

with various stakeholders including the corporate partners,

GOI Central TB Division, USAID, and TheUnion, whowere also

very supportive of the project.

b) Expansion: “TB Free Haryana”

The project which started as a pilot in one district, was

scaled up to 5 districts in 2016 following its launch in 2015. A

dedicated mobile CXR van was funded with sponsorship from

commercial partners which formed part of the State initiative

“TB free Haryana”. The 5 districts were chosen for their

proximity to the hospital providing the van. The van was

based, serviced and run from Medanta Hospital, with daily

rotating timetabled visits on a “hub and spoke” model to PHIs

(Fig. 1). Approval of individual Civil Surgeons (CS), and DTO's
of each of the newdistricts, with clearwritten allocation of the

respective duties of each party was agreed.

The first strategy for integration of X-ray into the district

RNTCP program followed the protocol as outlined in the pilot

phase. 4e5 PHIs in a district were identified by the DTO and the

van went on a fixed day of the week to each district, rotating

among the PHIs. Low case attendance at some of the PHIs led to

a simultaneous trial of another strategy of Enhanced Case

Finding (ECF) in the five districts. This involved intensive pro-

motion by local ASHAs and Panchayati Raj members, with

banners, posters and local media, 3e6 weeks prior to the

planned van visits (Fig. 2). Along with CXR, simultaneous

sputum microscopy was also introduced in the diagnostic al-

gorithm based on the new RNTCP guidelines in 2016.3 In this

second strategy, all local residents with cough more than 2

weeks, were called for the “X-Ray camp”, where they were

subjected to both X-ray and sputum collection. The two stra-

tegies operated simultaneously over an 11-month period.

Regular meetings were held to support and engage the

DTOs to mutually discuss operational issues, educational

needs, and feedback of results from individual districts.
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Administrative support from the State TB Officer (STO) and

Deputy Director General (DDG) of India were crucial in pro-

moting mutual understanding between the two agencies.

In 2017, a total of 13 districts were covered, with 2 further

X-ray vans financed for this planned scale up, along similar

guidelines in a spoke and hub outreach model. In 2018, 16

districts were covered. Roll out to the whole state with one

further van (total 4 vans) is anticipated in 2019. The state-wide

expansion of the PPM initiative is depicted in Fig. 3.

c) Statistical analysis

The key study outcomes such as number screened for TB

(x-ray), number of x-rays suggestive of TB and number started

on DOTS have been presented year-wise in terms of absolute

numbers and percentages.

Case notification rates (CNR) for new smear negative (NSN),

newsmearpositive (NSP) and totalTB for eachof thefivedistricts

and combined have been presented for the year 2015 (baseline)

and 2016 (study period). To take into account any biases caused

by seasonality, comparison has beenmade between the respec-

tive quarters of the two years. The change in these parameters

hasbeentestedforsignificanceusingtwosampleproportiontest.

Data analysis was done using SPSS software, version 13.0.

3. Results

3.1. Pilot phase (2014)

In the pilot during May to Dec 2014, 355 presumptive TB pa-

tients with smear negative status attended the camp for CXR

ACF camps in 
Peripheral 

Health InsƟtutes

Medanta Private Hospital
Running costs + technical support + 
planning and coordinaƟon+ medical 
team (radiographer/nurse/driver/ 

assistant)
/ 
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Officer/STS/STLS/ 
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Local Self Government
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headman/other key 
local leadersPresumpƟve TB 

paƟents  
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Mobile van (with x-ray 

machine + digital 
reader)

STO=State Tuberculosis Officer; DTO=District Tuberculosis Officer; STS=Senior Treatment Supervisor; STLS=Senior Tuberculosis Laboratory 
Supervisor; ANM=Auxiliary Nurse Midwife; ASHA=Accredited Social Health AcƟvist; ACF=AcƟve Case Finding; IEC=InformaƟon Education 
CommunicaƟon 

Community 
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Fig. 1 e Framework of collaboration and different partners involved in the Public Private Mix.

Fig. 2 e Hub and spoke model of the mobile van visit schedule to five districts of Haryana.
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in 19 van visits. A total of 122 (34%) had abnormal CXR sug-

gestive of active PTB as determined by the DTO who is a

qualified chest specialist. Those cases without previous PTB,

and clinically likely to have active PTB, were notified, and put

on anti-tubercular treatment (ATT) as per the standard na-

tional guidelines (5) within the RNTCP. A total of 45 patients

(45/355, 12.7%) were put on anti-TB treatment. Success of the

pilot initiative and feasibility of its expansion has been pre-

viously reported.6

3.2. First year of project (2016)

Following the project launch in 2015, five districts were

covered in 2016. A total of 77 PHIs were covered over 182

camps. Of 3340 who had a CXR, 1094 (32.75%) had abnormal X

ray findings, half of which were suggestive of TB requiring

clinical review, and careful selection for referral for ATT. The

decision to start ATT rested with the DTO. A total of 328 (9.8%)

were initiated on anti-TB treatment. Two different strategies

Fig. 3 e Expansion of TB-Free Haryana project throughout the state during 2014e18.

i n d i a n j o u r n a l o f t u b e r c u l o s i s 6 6 ( 2 0 1 9 ) 4 8 0e4 8 6 483

https://doi.org/10.1016/j.ijtb.2019.09.005
https://doi.org/10.1016/j.ijtb.2019.09.005


were used in different districts: In strategy 1 (used in the pilot

phase in 2014), adult patients (18 years and above) who, ac-

cording to the RNTCP diagnostic algorithm were eligible but

not able to get a CXR (chest symptomatic with sputum smear

negative) underwent CXR. Out of 1609 cases with presumptive

TB, 572 (35.6%) had abnormal chest x-rays; 169 (10.5%) were

considered for ATT. In strategy 2, all chest symptomatic pa-

tients (cough > 2weeks) were called for chest x-ray, regardless

of their smear status. Patients with abnormal x-ray findings

were recalled for sputum testing. However, because of drop-

out of patients for sputum examination, it was decided to

offer x-ray and sputum examination simultaneously after-

wards. This strategy also involved active information, edu-

cation and communication (IEC) and community mobilization

few weeks prior to the case finding activity. Under this, 1731

patients with presumptive TB were identified, of whom 522

(30.1%) had abnormal CXR; 139 (8%) were identified for DOTS

(Table 1).

There was an increase in the CNR for new smear negative

(NSN) cases of TB in 2016 compared to 2015 i.e. before the

launch of the project (Table 2). The total number of NSN

increased from 1542 (17.5% of total notified TB) to 1722 (18.7%

of total notified TB), yielding a statistically significant result

(p ¼ 0.03); thus yielding an additional 180 cases and an 11.67%

increase in case detection, in the pooled data from 5 districts

in the first year of the intervention in 2016.

3.3. Project expansion (2017)

In 2017, strategy 2 was used in all the districts; this was done

in accordance with the revised RNTCP guidelines with upfront

CXR and sputum microscopy simultaneously (8). 13 districts

were covered, 6268 x-rays were done, with 2567 (40.95%)

suggestive of TB and 989 (15.78%) referred for DOTS. Referrals

for CBNAAT were made as per RNTCP guidelines, although

access to this test was available in the District hospitals of

most but not all districts during this period. The number of

tests performed was not available at this time. The CNR is

awaited for the year 2017, a deferral caused by an overhaul

and systematic change of the notification system of the na-

tional program.

3.4. Further expansion (2018)

16 districts have been covered. A total of 8021 patients with

presumptive TB were screened, 2677 (33.37%) had x-ray sug-

gestive of TB and 885 (11.03%) were referred for DOTS in the

same year.

Successful scale up led from a pilot study in a single dis-

trict, to 5 districts in the first year, 13 districts in the second

year, and 16 in the third year. Expansion is planned to all the

districts in the state of Haryana by the end of 2019. Fig. 4

shows the figures for each year in the project starting from

2014 to 18.

4. Discussion

There are two main aspects to this discussion; firstly the

description of the process of development and operational

flexibility of this arguably successfulmodel of a PPM sustained

for more than four years with scale up to the state level.

Secondly, there are operational challenges of the program

which uses mobile X-ray vans and its current and potential

impact on the diagnosis of PTB in “hard to reach” areas of

India.

While a number of PPM projects have been active in India,

we believe that this is the first such initiative to originate from

a commercial Corporate Hospital to fill a gap in provision of a

government diagnostic radiology service.7 It has involved

large numbers of cases, has had a long term commitment,

withmany of the collaborative features that have been shown

to be predictive of an effective and sustainable programme.8,9

An effective sustenance and scale up in PPM has been seen to

result from sincere collaboration, regulation and use of

innovation.9 All these attributes were present in this model.

Regulation by strict adherence to the national program and

use of mobile digital CXR technology helped reach and screen

large numbers in a short period of time, demonstrating the

Table 1 e Comparison of strategy 1 and 2 in terms of
numbers of patients attending the camp and number
initiated on TB treatment in 2016.

Parameters Strategy
1

Strategy
2

p-
value

Total patients attending the

camp

1609 1731 e

Total CXR suggestive of TB 572 (35.6%) 522 (30.1%) 0.003

Patients initiated on DOTS 169 (10.5%) 139 (8%) 0.2

Total camps held 119 63 e

Average CXR per camp 13 28 e

DOTS ¼ Directly Observed Treatment Short Course; CXR¼Chest X-

Ray.

Table 2 e Annual case notification rates of tuberculosis by the type of TB in five districts of Haryana during 2015e2016.

District NSP NSN EPTB

2015 2016 p-value 2015 2016 p-value 2015 2016 p-value

Gurgaon 777 (30.8%) 780 (28.7%) 0.09 479 (19.0%) 580 (21.3%) 0.03* 702 (27.9) 777 (28.5) 0.6

Jhajjhar 621 (40.2%) 542 (36.1%) 0.02* 264 (17.1%) 255 (17.0%) 0.9 297 (19.2) 307 (20.5) 0.4

Mewat 668 (38.9%) 704 (36.2%) 0.09 262 (15.3%) 323 (16.6%) 0.3 305 (17.8) 382 (19.6) 0.2

Palwal 580 (36.5%) 620 (36.6%) 0.9 251 (15.8%) 294 (17.4%) 0.2 293 (18.5) 279 (16.5) 0.1

Rewari 465 (32.0%) 412 (30.2%) 0.3 286 (19.7%) 270 (19.8%) 0.9 349 (24.1) 358 (26.3) 0.2

Total 3111 (35.3%) 3058 (33.2%) 0.003* 1542 (17.5%) 1722 (18.7%) 0.03* 1946 (22.1) 2263 (22.8) 0.3

NSP¼New Smear Positive; NSN¼New Smear Negative; EPTB ¼ Extra Pulmonary Tuberculosis.
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effectiveness of the model. Linkage of the private partner to

the local public sector TB program is the recommended

approach and reflected in this model, which complemented

(via X-ray) existing government facilities (sputum and subse-

quently GeneXpert).10

The support of key State GOI officers was essential in

promoting data sharing and suitable senior medical atten-

dance at mobile van visits. Financial commitment to the

staffing and running of the vans comes from an institution

with an organisational history of community outreach. The

high profile of the partners in this collaboration is likely to

have facilitated major commercial partners to sponsor new

vans and the digital technology required.

In the execution of the mobile digital X-ray program in

the first year, the second strategy was considered more

efficient in terms of numbers screened per van visit,

although the numbers finally identified for DOTS was similar

in both the strategies. Analysis of one District, Mewat, sup-

ported the cost effectiveness of the second strategy and led

to the adoption of this approach from that point in time.11

While the project was structured as pragmatic and clinical

rather than as a research model, we hope to continue to

provide field operational data, which appears to support the

recently introduced diagnostic algorithm including CXR and

sputum testing simultaneously, which was criticised for its

lack of basis in field research prior to introduction.12 There

was a modest but statistically significant increase in the CNR

in the diagnosis of NSN over 5 districts over the period re-

ported, which can be at least partly attributed to the mobile

X-ray program; data from subsequent years is necessary to

substantiate this hypothesis.

It was observed that despite a coordinated effort of both

teams in the camps, procuring the final result of how many

actually went onto treatment proved to be a challenge. While

multiple levels of losses are acknowledged in the cascade of

diagnosis and treatment of TB in India13 the capacity to

minimise this in the field remains the major challenge. While

accepting the central concern of NSP cases in public health,

NSN cases are also important and associated with infec-

tivity.14 A substantial number of - X-rays were reported as

strongly suggestive of TB in smear negative symptomatic pa-

tients who fulfilled the RNTCP criteria for smear negative

pulmonary TB, but there were limited registrations as NSN

cases and therefore of ATT.

CBNAAT is recommended along the current algorithm or

clinical diagnosis and treatment if microbiological confirma-

tion is not available with suitable follow up. The review of the

role of modern digital CXR in diagnosis, along with the impact

of possible future incorporation of CBNAAT in point-of-care

field trials of this type are being currently supported in

screening initiatives in other circumstances15 and modifica-

tion, research support, and data collection from similar ini-

tiatives to thismay be of great value in improving outcomes in

the diagnosis of PTB in hard to reach areas of India. With the

advent of the portable single module GeneXpert Edge, efforts

are on to incorporate this tool in the mobile X-ray van, to

provide a Point of Care diagnostic model.

In this article we have concentrated on the process of

development of this on-going not for profit PPM project, with

supporting data which has shown significant benefits for pa-

tients at this early stage and the potential for new shared ini-

tiatives and working relationships between GOI and

Commercial Hospitals. We have at this point not included an

evaluation of the clinical or cost effectiveness of the project,

patient clinical outcomes, quality assurance or compliancewith

current algorithms but this would be important before the po-

tential longer term public health impact can be fully assessed.

5. Conclusion

We report a new initiative within a PPM to improve the diag-

nosis of PTB within the existing RNTCP pathway. This

collaboration has helped to fill a gap in current diagnostic

355

3340

6268

8021

122

1094

2567 2677

45 328
989 885

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

2014(pilot) 2015(launch) 2016 2017 2018

Total screened Total x-rays sugges�ve Total no on DOTS

Fig. 4 e Annual x-ray screening for TB and numbers put on anti-TB treatment in each year of the TB-Free Haryana project

2014e18.
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infrastructure, and established new, productive, andmutually

benefitting working relationships between the Corporate and

the Government sector in Haryana state. We believe there is

potential for replication of similar projects in other states. The

model of mobile digital X-ray vans could be executed suc-

cessfully with encouraging results.
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a b s t r a c t

Tuberculosis (TB) is a re-emerging disease and is caused by Mycobacterium tuberculosis (M.

tuberculosis). TB is currently one of the leading causes of morbidity and mortality, world-

wide. The only available vaccine against TB infection, Bacillus CalmetteeGu�erin (BCG), fails

to adequately protect against reactivation of latent infections in adults. Furthermore,

recently developed subunit vaccines, which are in various stages of clinical trials, are all

prophylactic vaccines based on proteins expressed in replicating stage of M. tuberculosis

and they are not preventive of reactivation of latent TB infection. Thus, an appropriate

subunit post-exposure vaccine needs to be developed to control all forms of TB infection.

To produce a multi-stage subunit vaccine, scientists should combine the early secreted M.

tuberculosis antigens with latency antigens. For this purpose, some latency proteins are

known which could be important antigens in the production of specific humoral and

cellular immune responses in latent M. tuberculosis infected individuals. Several studies

have evaluated the immunogenicity of these proteins in improving the TB vaccines. The

present study is a comprehensive review of several studies on the role of the latency an-

tigens in the development of TB vaccines. Overall, the studies indicate that the latency-

associated antigens including the resuscitation-promoting factors, the Dormancy of sur-

vival regulon (DosR) proteins and the starvation stimulant proteins are potential candi-

dates for the development of subunit vaccines against TB infection.
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1. Introduction

Tuberculosis (TB), caused by Mycobacterium tuberculosis (M.

tuberculosis), is a re-emerging infectious disease and is one of

the leading causes of morbidity and mortality in many coun-

tries, especially in developing countries.1 According to the

latest report by theWorld Health Organization (WHO) in 2018,

about 10 million people had TB, which led to1.3 million

deaths. This state is further exacerbated due toTB/HIV co-

infection, multidrug-resistant (MDR) M. tuberculosis strains

and the appearance of extremely drug-resistant (XDR) M.

tuberculosis strains.2 Currently, vaccination is one of the most

effective approaches in prevention and control TB infection.

The TB vaccine, Bacillus CalmetteeGu�erin (BCG), is the only

available approved vaccine against TB and has been widely

used in many countries for decades.3 BCG provides highly

variable efficacies against adult pulmonary TB infectionwith a

range of 0e80% protection. BCG also fails to adequately pro-

tect against reactivation of latent infections in adults.

Furthermore, the current vaccine suffers from inability to

eliminate latent TB infection, and loss of efficacy over time

and in immune compromised patients.4,5 One of the impor-

tant differences between M. tuberculosis and other pathogens

is the survival of bacteria in an intracellular habitat in the

human cells for decades and its establishment as a latent

infection. About one-third of the global population has latent

TB infection and about 5e10% of them will eventually prog-

ress active TB infection whenever their immune status sup-

presses. Patients with latent TB infection are the major

reservoir of adult TB infection.6,7 Most TB vaccines that

recently entered different phases of clinical trials were based

on proteins expressed in replicating stages. Such TB vaccines

can prevent active TB infection (prophylactic vaccine) but not

latent TB infection.6 Thus, a more effective subunit post-

exposure vaccine is needed to control all forms of TB infec-

tion in adults, especially latent infection. To produce a multi-

stage subunit vaccine, researchers should combine early

secreted antigens such as Ag85B with M. tuberculosis latency

antigens such as HspX.6 Recently, some multi-stage subunit

vaccines i.e. Hybrid 56 þ IC31 and ID93þGLA-SE, containing

dormancy antigens, have entered clinical trials.8,9 Latency-

associated antigens have shown to elicit appropriate and

strong immune and protective responses.10 These antigens

include: 1) the Dormancy of survival regulon (DosR) proteins

which are responsible for adaptation to hypoxia. These

constitute the latency expressing proteins; 2) nutrient star-

vation proteins; and 3) enduring hypoxic response (EHR) genes

which comprise many genes of the DosR regulon.11,12

Recently, scientists have used several M. tuberculosis proteins

homologous to the resuscitation-promoting factor (rpfa-A-E)

of Micrococcus luteus. These proteins are involved in resusci-

tation and reactivation of dormant TB infection and to control

reactivated M. tuberculosis. These proteins lead to specific

humoral and cellular immune responses in latently M. tuber-

culosis infected individuals. Thus,M. tuberculosis resuscitation-

promoting factors proteins (Rpf), particularly RpfB which

memory T-cells able to respond to them can be used as anti-

gens for novel TB subunit vaccines.13,14 DosR-regulated pro-

tein HspX is an important antigen that leads to specific

humoral and cellular immune responses in latently M. tuber-

culosis infected individuals.15 This protein is known to be

targeted by CD4þ and CD8þ T cells. On the other hand, several

of other latency antigens such as RV2628c, RV1813, RV2660,

RV0072, RV1737 and RV2031c have been shown to induce

strong Th1-mediated immune responses.16,17 Some previous

studies have suggested that latency-associated antigens in all

kinds of TB vaccines can induce strong humoral and/or

cellular Th1-mediated immune responses.16e18 Therefore, it

could be hypothesized that a heterologous prime boost vac-

cine, including a combination of dormant antigens to induce a

specific immune response, is more protective than the ho-

mologous prime boost vaccine. The present review article

focuses on dormancy-related antigens of M. tuberculosis as

potentially ideal candidates in the development of new vac-

cine against TB.

2. Resuscitation-promoting factors

Resuscitation-promoting factors (Rpf) are proteins with

peptidoglycan-hydrolyzing activity and are vital for

mycobacterial virulence, especially for resuscitation from

dormancy. These proteins were first reported in M. luteus

as a secretory protein. Mutant M. tuberculosis strains with

a deficiency in Rpf show inability in replication, reac-

tivation and in resistance to stress probably due to

changes in their cell wall structure.19 There are five rpf

genes in the M. tuberculosis genome (rpfA-E) which are very

similar to those of Rpf from M. luteus.14 Rpf proteins are

potential targets for the host immune response. Rpf are

key virulence factors for M. tuberculosis and responses to

Rpf could be protective. These have been evaluated in

cellular experiments and mouse models.14 Previous

studies have demonstrated that RpfB and RpfE produce

protective immune responses in-vitro and are potential

candidates for the development of vaccine.20 RpfB and

RpfE induce the maturation of dendritic cells (DCs) and

these activated DCs polarize T-cell proliferation toward

Th1 phenotype. RpfE also induces Th17 development

which in addition to Th1 is needed for appropriate pro-

tection against M. tuberculosis.20,21 The immune responses

induced by Rpf antigens and their protective efficacy

against challenge with virulent M. tuberculosis have been

evaluated in animal models.22 Lee et al demonstrated that

when C57BL/6 mice were vaccinated intramuscularly with

RpfB using a plasmid DNA vector, it can elicit a significant

poly functional CD8þT cell responses in mice, suggesting

that RpfB DNA immunization may be protective against

TB infection.21 In another study RpfB and RpfD were re-

ported to be the most antigenic in the tested models. It

was also indicated that RpfB protein is the most immu-

nogenic antigen among the five Rpf proteins of M. tuber-

culosis, implying that Rpf proteins can be used as an

antigen in new TB vaccines.14 In conclusion, RpfB and

RpfE induce immune responses associated with resistance

to M. tuberculosis and provide some levels of protection in

animal models. Further human-based studies are needed

to evaluate if the observation could be replicated in

humans and whether Rpf should be considered as
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antigens for development of a subunit vaccine against M.

tuberculosis.22

3. Dormancy of survival regulon (DosR)

A region in the genome of M. tuberculosis called DosR regulon

contains 50 latency-associated genes and is active during la-

tency. Most latency-associated antigens related to DosR reg-

ulon including Rv2031c, Rv2029c, Rv2628c, Rv1737c, Rv1733c

and Rv0081 were evaluated for their immunogenic charac-

teristics in different studies.16 This review summarizes the

possible role of DosR regulon proteins as effective candidates

for development of subunit vaccines against TB infection.

3.1. Rv2031c (gene name: hspX; gene length: 435 bp;
144 amino acids)

An important antigen from the DosR regulon is a stress

protein induced by hypoxia and nutrient scarcity is called

heat-shock protein X ora-crystallin ((14 kDa antigen)

(HSP16.3)).23 The expression of HspX protein is regulated by

DosR regulon in different environmental conditions.24 HspX

is associated with bacterial growth, escape from the host

immune system and prolonged bacterial survival in mac-

rophages during latent infections.25,26 One of the most

crucial immune responses against M. tuberculosis infection

is activation of T helper1 (Th1) and cytotoxic T (Tc) cells.

HspX strongly induces Th1 cytokines such as IFN-g (inter-

feron gamma) and TNF-a (tumor necrosis alpha) followed

by induction of cellular and humoral immune responses in

the latent phase of TB infection.27,28 Several studies have

shown the efficacy of HspX protein for the induction of

strong Th1-medited immune responses and its potential to

be a suitable antigen candidate for vaccination against TB

infection. As an example, in a study conducted by Yuan

et al, a DNA vaccine was constructed expressing a fusion

protein of M. tuberculosis antigens including Ag85B, Esat6

and HspX. After vaccination of mice with DNA vaccine, a

significant increase in antigen-specific IFN-g against HspX

antigen and higher levels of HspX specific T cell prolifera-

tion was observed, compared to vaccination with BCG.29

Geon et al evaluated immune responses against Ag85A

and HspX antigens in the mice model. Ag85A and HspX

increased the level of IFN-g responses. Also, after mice

challenge with M. tuberculosis, HspX subunit vaccine

induced significant protective immunity.30 In another study,

Yuan et al developed a new recombinant BCG expressing

high levels of Ag85B and HspX. After vaccination of mice

with this vaccine, the immunization of new vaccine

compared to BCG. It was observed that the new vaccine

was able to protect mice against intranasal infection of M.

tuberculosis better than that of BCG.31 Similar results were

shown by Xin et al, Marongiu et al, de Sousa et al, Geluk et

al and Costa et al confirmed the immunogenicity of HspX

antigen.9,25,28,32,33 Several studies indicated that HspX pro-

tein either in combination with adjuvants or as encapsu-

lated with nanoparticles can strongly induce the immune

system. In a study conducted by Khademi et al, HspX an-

tigen was shown to efficiently induce mucosal and systemic

immune responses in BALB/c mice, when combined with a

replicating bacilli antigen, as multi-stage subunit vaccine

(HspX/EsxS-fused protein), alone or as encapsulated in

PLGA and PLGA:DDA hybrid nanoparticles.34 Additionally,

they showed that adding DOTAP and MPLA adjuvants to

HspX/EsxS-fused protein could enhance immune responses

after subcutaneous and nasal immunization of BALB/c

mice.34,35 In another study by Mansury et al, HspX protein

in combination with PPE44 and EsxV proteins were encap-

sulated into DOTAP liposome. They showed that this

formulation was able to induce a strong Th1-mediated

response.36 Amini et al reported a multi-component vac-

cine containing HspX in combination with PPE44 and EsxV

antigens adsorbed on calcium phosphate nanoparticles

could induce strong cellular immunity in an animal

model.37 Niu et al developed a new multi-sage subunit

vaccine against TB infection containing ESAT6-Ag85B-

MPT64-Mtb8.4-HspX antigens along with two adjuvants,

DDA and Poly I:C. They showed that this new vaccine could

induce a stronger immunity compared to traditional BCG

vaccine.38

3.2. Rv2029c (gene name: pfkB; gene length: 1020 bp;
339 amino acids)

M. tuberculosis pfkB gene encodes a 35 kDa-latency protein

with kinase and phosphotransferase activity. This M. tuber-

culosis latency antigen is DosR-regulon-encoded antigen and

as a probable 6-phosphofructokinase (pfkB) is involved in

glycolysis: converts sugar-1-P to sugar-1, 6-P.39 The immuno-

genicity of this latency protein was evaluated in different

studies. Arroyo et al reported that M. tuberculosis latency an-

tigen Rv2029c was able to induce higher immune responses of

T cells (CD4þ or CD8þ) producing IFN-g and TNF-a in latently

M. tuberculosis infected individuals.39 The immunogenicity

profile of Rv2029c antigen has also been investigated by

Mensah and colleagues.40 They reported that latency antigen

Rv2029c was able to induce higher levels of IFN-g, Granzyme

B, TNF-a and IL-17 and also low levels of IL-10 and sIL-2R-a in

peripheral blood mononuclear cell.

3.3. RV2628c (gene name: Rv2628; gene length: 363 bp;
120 amino acids)

M. tuberculosis Rv2628 gene encodes a 13 kDa-latency antigen

RV2628c protein with unknown function. It was reported that

this M. tuberculosis DosR-regulon-encoded antigen can induce

strong long-term IFN-g responses. As an example, Goletti et al

study showed that this latency antigen may induce immune-

mediated protection against TB infection.17 Similar results

DosR-regulon-encoded protein Rv2029c, Mensah and col-

leagues were reported for DosR-regulon-encoded protein

Rv2628.40

3.4. Rv1737c(gene name: narK2; gene length: 1188 bp;
395 amino acids)

The protein expressed by this gene i.e. nitrate/nitrite trans-

porter NarK2 is involved in the excretion of nitrite across the

membrane. Arroyo et al assessed the DosR antigens Rv1737c
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immunogenicity and reported that it is capable of promoting T

cells responses.39

3.5. Rv1733c (gene name: Rv1733c; gene length: 633 bp;
210 amino acids)

Rv1733c is a probable conserved transmembrane proteinwith

unknown function. It was indicated as a potent inducer of T

cell antigen in bioinformatics analysis.16 However, this DosR-

regulon-encoded antigen is also known to be immunogenic

in vitro experiments conducted by Mensah et al, Kassa et al and

Commander et al40e42

3.6. Rv0081 (gene name: Rv0081; gene length: 345 bp;
114 amino acid)

Twelve kDaRv0081 antigens belong to the latency-associated

antigens and is encoded by DosR regulon.16 This M. tubercu-

losis sDosR-regulon-encoded antigen is a probable transcrip-

tional regulatory protein and involved in transcriptional

mechanism. Kassa et al reports on the immune response

against Rv0081 antigen confirmed Rv0081 antigen as a potent

immunogenic antigen.41

4. The starvation regulon

4.1. Rv2660c (gene name: Rv2660c; gene length: 228 bp;
75 amino acid)

A collection of genes including Rv2660 and Rv2659 called the

starvation regulon and expressed in response to nutrient

deprivation by M. tuberculosis.16 Govender et al suggested that

the starvation stimulon gene product Rv2660 is a suitable

antigenic candidate in a post-infection vaccine against TB

infection. They showed that Rv2660 induced IFN-g production

in latently M. tuberculosis infected individuals.43

5. Conclusion

In all literature reviewed in the current study, it has been

shown that the latency-associated antigens including

resuscitation-promoting factors, the DosR regulon encoded

antigens and the starvation regulon encoded antigens can

stimulate cellular immune responses against latent TB infec-

tion. Therefore, they could be potential candidate antigens for

immunization as a prophylactic vaccine against the latent

stage of TB infection and could prevent the reactivation of

latent infection.
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Building local roadmaps for TB free India

In April 2018, the journey towards a TB Free Local Roadmap

was kindled by a collaboration between CETI (Collaboration

for Elimination of TB among Indians-anNGO), AAPI (American

Association of Physician of Indian Origin), and USAID (United

States Agency for International Development). The partner-

ships lead to the development of a 10 city/district collabora-

tive, with CETI leading the local effort and AAPI providing

financial and logistic assistance and USAID, along with Gov-

ernment of India, RNTCP program, Ministry of Health and

Family Welfare, WHO (World Health Organization) and a

number of other agencies providing tremendous technical

and organizational support.

A TB Free Local Roadmap serves as a strategic plan at a city/

district level, which includes step-by-step directions, tem-

plates and metrics on creating a TB Free city/district. In the

process of creating the Roadmap key local leaders learn how

to build a team, develop a campaign, organize training, follow

standard processes and assess overall quality.

The objective of the Local Roadmap Collaborative was to

build a local roadmap in alignment with the well-crafted

document National Strategic Plan 2017e2025 for 10 “early

adopter” cities and villages, Fig. 1. If successful, the Local

Roadmap documentswould become standardized for over 700

other districts in India.

Over the course of 7months, from June to Dec 2018, two in-

person workshops were held on June 9e10 in Indore and

August 29e30, 2018 in New Delhi. Subsequently, over 10 na-

tional/international conference calls, 120 citywise team calls

(approximately 15 per city) and 800 individual calls were

conducted by the AAPI-CETI Team. Individual city-wide

shared documents and WhatsApp message groups were

created to enhance communication and collaboration be-

tween team members.

As of December 2018, seven out of 10 cities have launched a

TB Free inauguration program- Indore, Bhopal, Rajkot, Vara-

nasi, Lucknow, Nagpur and Gujrat villages-where over

150e300 community leaders gathered to commit to work for

TB Free, and all had developed the Roadmap document and

make a presentation to Joint Secretary of Ministry of Health

and Family Welfare and other key leaders.

The Local Roadmap is a 35e40 page document which

details the local strategy. The outline of the document is

Fig. 2.

1. Local Epidemiology Data

2. Supporting Government Sector

3. Engaging the Private Sector

4. Empowering the Community (ACSM)

5. Emboldening the Civil Society Organizations

6. Informing the Media

7. Roles and Responsibilities

Each sector is then further detailed by a. Resources b.

Achievement c. Challenges d. Strategies and e. Activity. For

example, the activity section for the government sector out-

lines the list of innovative activities the government will take

up over a period of 1e2 years. The Local Roadmap also con-

tains a completed local Detect-Treat-Prevent Grid which

aligns with local actions translated from the national strategic

plan. This template was customized for each city, and indi-

vidualized to local language for maximum impact.

The 10 steps to building Local Roadmap Over 3e6 months.

STEP 1: Develop Team: Develop a local team with DTO

(District TB Officer) as the lead, along with WHO consultant,

local opinion leader from private sector, NGOs, and repre-

sentatives from other funding agencies such as JEET (Joint

Effort for Elimination of TB) and social service organizations

such as Rotary and Lions. If such teams exist in a given then

district then engage, empower and tool up that body for an

effort for TB Free locality.

STEP 2: Participate in Workshop: Attend a 2 day in-person

workshop to meet other teams and learn about the steps for

the TB Free Roadmap collaborative.

STEP 3: Conduct Inaugural Program: Conduct local inau-

gural programs with 200e300 persons in attendance at each

program with key political, administration, healthcare and

civil society leaders.

STEP 4: Schedule Conference Calls: Schedule twice

monthly conference calls or meeting to begin drafting the

Roadmap document.

STEP 5: Define Roles and Responsibilities: Have each

stakeholder take responsibility for their sector eg. Rotary and

Lionswork on Roadmap section of social service organizations

while DTO and WHO consultant take the lead on government

sector.

STEP 6: Report and Compare Metrics Dashboard: Report

and compare local city/district data TB Free City Comparison
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10 Metrics dashboard (developed by GoI, WHO, and CETI).

Fig. 3. Evaluate and compare reports quarterly.

STEP 7: Work on Innovative Initiatives: Consider working

on major initiatives such as active case finding with NGO on

mobile app, or Continuous Quality Improvement processes or

infection control initiatives through online courses from CETI.

STEP 8: Leverage AAPI Partnership: Engage and leverage

AAPI partnership and communication with local private doc-

tors with high TB patient-volume to motivate TB notification

and treatment and followup according to TB Standard TB Care.

STEP 9: Conduct Media Workshop: Conduct a media

workshop at the near completion of the Roadmap document

with all team members.

STEP 10: Present Local Roadmap: Present the final Local

Roadmap document to State TBOfficer (STO), MDNHH, Deputy

Director General TB (DDGTB), Healthy Ministry's Joint Secre-

tary, Health Minister, and Prime Minister Office.

The Local TB Free Roadmap development is a collaborative

process and it does not dictate intervention strategies for local

communities; rather it co-creates the Local Roadmap using

quality improvement principles and sharing of best practices

as established in the USAID TB CAREII June 2013 “Quality

Improvement Handbook for TB and MDR-TB Programs”. It’

unique features include:

� Building on the existing national document, hence the

document structure is already well accepted,

� Harnessing the local talent for TB elimination where by

creating local urgency and impetus for TB elimination,

� Using “project based learning” approach where the devel-

opment of a document serves the purpose of convening

and team building and allows partners to dream about

their “TB Free City/District”,

� Achieving buy-in and empowering key persons who can

make the necessary changes,

� Having a low-cost initiative with both standardization and

customization with the help of technology such as Google

Docs (editing together), Whatsapp (free voice calls), Free-

conference-call (group conferences) and Skype (video

calls) which enable rapid, no-cost, free flow of information

and learning,

� Synergizing the national and international expertise with

the tremendous local knowledge base especially in the area

of local intervention

� Providing opportunity for local individuals to collaborate

and interact with national and international experts by

which local silos are broken down.

Throughout the Local Roadmap building process, key

templates and tools were developed and tested. These tools

are available to the GoI or other agencies on the website www.

tbfree.org/aapi. This will obviate the need to reinvent them,

rather to customize them for individual needs.

Many lessons were learned in developing the Roadmap:

1. A team approach to TB elimination at the district level is

essential and of greatest need. For example, many pri-

vate providers and NGOs are unaware of the high TB

incidence and do not know their roles.

2. The DTO, district TB officer, should be the lead for TB

elimination in a district. The DTO would greatly benefit

from additional training in necessary skills for leader-

ship development, quality improvement and engage-

ment of other sectors. DTOs need to involve others

Fig. 1 e The Local Roadmap is simply the local strategy for

TB Free district or city in a format which parallels the

National Strategic Plan.

Fig. 2 e The Local Roadmap has number of key

components which include supporting the government

sector, engaging the private sector, empowering the

community, embracing the civil society organizations, and

informing the media.

Fig. 3 e An example of th city wise comparison grid of

common measures allows cities to quickly see how they

are performing in comparison to others.
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agencies and sectors as partners, not competitors, and

as collaborators for TB elimination.

3. The DTO is often overburdened and under-resourced

especially with personnel vacancies up to 30% in

certain districts. This often leads to extreme discontent

and poor performance from the government sector and

even inaccurate data reporting to meet goals.

4. Excellent or poor performance of a district is often a

reflection of DTOs' initiative and states' support.
5. Poor performing districts and states should take time

and effort to learn from well performing districts and

states, and create “Best Practices”

6. There is a tremendous gap between “policy” and “per-

formance.” For example policy requires contact tracing

to be done yet few districts are doing it.

7. Some districts are working in mission mode and will

likely be successful for reaching TB Free, while for

others it is status-quo.

8. A public launch for TB Free city was a very effective

event to bring all parties under common umbrella.

9. Additional agencies working on TB were initially

reluctant to join the Roadmap effort stating “this does

not help us,” yet after engagement they found mutual

value in collaboration.

10. A central collaborative coordinator is essential to

engagement. Strong support from GoI, CTD, and WHO,

is essential to making the collaborative successful.

Local Roadmap projects shortcomings and challenges:

1. There was difficulty engaging team members. Often it

required AAPI-CETI teams 3 to 5 attempts to receive a reply

from a DTO, WHO consultant or an opinion leader in a

given city.

2. Crafting and writing of the Local Roadmap document felt

redundant for some cities/districts since they had prepared

similar document.

3. Many looked upon the exercise as “another report to be

filed” rather than a working tool to help galvanize team-

work and relationships.

4. Some cities were unable to fully engage MDNHM and

administrators.

5. There was a lack of understanding from all team members

as to why based on TB Epidemiology, the TB incidence in

their city was not declining sufficiently.

6. Outcome measures and change in them such as decline in

TB incidence takes years, hence cannot be directly related

to one intervention such as development of the Local

Roadmap.

The development of the Local Roadmap is not a desti-

nation but rather it is a journey to have individual team

members become aware of additional resources available

for achieving a TB Free city/district. These steps encourage

local stakeholders to co-create a common vision and

mission, aligning and learning to work towards common

metrics. The only way a district, city or even a village is

going to become TB Free is the pooling of resources and

alignment of efforts from public, private, non-profit and civil

society.

In total, we believe there is an essential need for a local

teambuilding and local roadmap document to achieve TB Free

locality. AAPI-CETI has offered a low-cost, successful, repli-

cable, sustainable and scalable solution with tools which can

be easily adopted within RNTCP structure.
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For drug resistant (DR) TB is there any strength in
the old warriors yet?

Treatment correlates of successful outcomes in pulmonary

multidrug-resistant tuberculosis: an individual patient data

meta-analysis has been recently published in the Lancet.1This

involved 50 datasets from 25 countries, with 12,030 patients

treated for pulmonarymultidrug-resistant tuberculosis. Of the

drugs analysed, levofloxacin, moxifloxacin (MOX), linezolid

(LZD), and bedaquiline were associated with greater treatment

success and reduced death. Clofazimine (CLZ) and the carba-

penemswere associatedwith significantly improved treatment

success but not reduced death. Pyrazinamide (PZA), strepto-

mycin, amikacin (AMK), cycloserine and terizidone were

associated with modest benefits, but only in patients with

susceptible isolates, whereas the use of kanamycin (KAN),

capreomycin (CAP), ethionamide (ETA), prothionamide, para-

aminosalicylic acid (PAS), macrolides and amoxicillin-

clavulanic acid (when used without carbapenems) were asso-

ciated with no significant benefit or significantly worse

outcomes.

Based primarily on the results of this meta-analysis, the

shorter regime trials from Asia and Africa, the bedaquiline

and delamanid trials and reports of high incidence of

ototoxicity with injectable agents, the World Health Orga-

nization published a rapid advice statement suggesting a

paradigm shift in the treatment of drug resistant TB.2 The

key features of this statement include a regrouping of

medicines into three categories with levofloxacin/moxi-

floxacin/bedaquiline and linezolid in Group A, cycloserine/

terizodone/clofazimine in Group B and the rest of the other

drugs used for MDR TB in Group C. The principles of con-

structing a new longer MDR regime involve choosing all

available drugs from Group A and B if susceptible and add

other drugs from Group C only if Group A and B drugs

cannot be used. Other factors governing choices include

preference of oral over injectable agents; the results of

drug-susceptibility testing (DST); the reliability of existing

DST methods; population drug resistance levels; history of

previous use of the medicine in a patient; drug tolerability;

and potential drugedrug interactions. Finer details of these

regimes are yet awaited.

However the extent of representation of Indian data in the

meta-analysis is not clear. Clinicians & TB control program

planners may be prompted to apply these results to govern

empirical treatment choices for resistant TB in India.

Furthermore this analysis applies to only pulmonary tuber-

culosis; extrapulmonary tuberculosis accounts for nearly 1/3

of the tuberculosis burden in any setting, more so in HIV

infected and in children. This may generate important pitfalls

if the resistance profiles of organisms, drug tolerability

patterns, ecological, financial & logistic considerations are

different from those represented in the meta-analysis.

Our reservations about the applicability of the conclusions

in an endemic drug resistance TB hot spot such as India and

Mumbai in particular are as follows:

1. Several of our MDR TB patients, have isolates that bear

high level fluoroquinolone resistance with the gyrA

D94G mutation that virtually precludes the addition of

moxifloxacin. We have used high doses of moxifloxacin

600mge800mg & find that it may not be tolerated well

(unpublished data). There is also the concern of QT

prolongation which is an additive interaction of

fluoroquinolones with clofazimine and bedaquiline.

2. Despite the adverse effects of the second line inject-

ables, dismissing drugs such as capreomycin is possibly

premature, as it is difficult to ‘cherry pick'drugs to

garner a regimen of at least four effective drugs. Simi-

larly scores of patients treatedwith kanamycin (the first

line injectable agent used in MDR TB in our practice)

have had good outcomes.3,4

3. Ethionamide has a role in patients who have isolates

that are genotypically negative for inh A mutations and

phenotypically susceptible. It is especially useful in

tubercular meningitis due to its early bactericidal ac-

tivity & good cerebrospinal fluid penetration. Our

perception of the efficacy of ethionamide is vindicated

by a recent study that used machine-learning algo-

rithms to identify the important predictors of outcome

in patients on ethionamide-containing regimen-

s.5Ethionamide was an important contributor to MDR-

TB treatment regimens, at Sensititre MIC <2.5 mg/L5.

The authors propose that the drug be administered on

condition of MIC <2.5 mg/L by Sensititre assay and 1.0

mg/L based on MGIT and agar dilution methods. We

believe that MIC knowledge is of clinical importance not

only in the use of ethionamide but also of the accom-

panying drugs.
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4. In our setting, PAS shows good in vitro susceptibility

and although there are issues of the robustness of

phenotypic DST, our published clinical outcome expe-

rience has been gratifying.3,4 This is especially the case

when isolates are resistant to quinolones, ethionamide

and all first line agents and this drug is required to

ensure that there are 4e5 effective drugs in the regime.

5. The pattern of % resistance to all other drugs in our

MDR and XDR patients at our tertiary care centre in

2017 bears testimony to the points mentioned above

(Tables 1 and 2).

6. The CNS penetration of bedaquiline is very limited;

hence treatment of drug resistant tubercularmeningitis

which forms a significant and serious proportion of

MDR TB in our practice will need assistance of other

“old”drugs.

7. The adverse effects of linezolid including painful often

irreversible peripheral neuropathy, thrombocytopenia

and optic neuritis are commonly seen in practice with

prolonged therapy and even with doses at 300 mg per

day. This often precludes using the drug in many pa-

tients for the entire duration of treatment.

8. Using carbapenems has logistic, financial & ecological

implications in our setting, notwithstanding the fallout

of a build-up of carbapenem resistance in the gut flora

with its inevitable consequences.

9. Promotion of cycloserine up the ladder as a result of the

meta-analysis is noted; but absence of susceptibility

testing makes it difficult to tease out the exact contri-

bution of the drug in any regime. Another limitation of

this drug stems from its poor lung cavitary & intracel-

lular penetration. If used to treat tuberculous meningi-

tis with this potentially neurotoxic drug at high doses,

efficacy will be obtained at the price of severe neuro-

toxicity. Expense of the drug is also a limiting factor.

10. The efflux pump Rv0678 that may confer cross resis-

tance between clofazimine and bedaquiline is a matter

of concern especially as clofazimine is being used both

for MDR/XDR TB and leprosy in our part of the world.

11. Children contribute to a significant burden of MDR TB

with 32,000 new cases per year. Bedaquiline is currently

approved above the age of 18 (may be used in children

weighing above 12 years and above weight 33 kg), while

delamanid is approved in children 6 years and above.6

Trials with delamanid in younger children are under-

way. This leaves out children below age three where

older long MDR TB regimes based on susceptibility data

of the index case or the contact may have to be used.

Paradoxically, this is the group where it is most difficult

to detect drug side effects including injectable associ-

ated ototoxicity or linezolid induced neuropathy/optic

neuritis.

Hence careful circumspection is warranted in treating DR

TB as geographic disparities in individual drug resistance &

drug availability determine the exact treatment regimens. The

heterogenous epidemiology of DR TB across continents is

knownanddoling out similar TB regimens for allmaynotwork.

Local epidemiology and bacterial lineages are crucial issues

that govern drug resistance. Whole Genome Sequencing will

hopefully fill in this gap in future, especially if can be applied

directly to clinical samples. While new drugs are a welcome

addition to the therapeutic armamentarium and should be

made readily available to patients who need them, there is

plenty of fight left in the old warriors and their contribution to

the treatment must be fully utilized. We strongly believe that

individualized treatment and a personalized DST should be

used to complement the programmatic approach for better

control over this ancient scourge.
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1. Introduction

Abdominal tuberculosis should be considered when a patient

presents with vague abdominal complaints, ascites and a

pelvic mass, specifically in Indian subcontinent where inci-

dence of tuberculosis is on a steady rise. But still making

diagnosis is difficult. Combination of benign brenner ovarian

tumor with peritoneal tuberculosis is rare and we present the

case for same.

2. Case report

A 55-year-old patient presented to our department in January

2018 with complaints of gradual abdominal distention for 6

months. She also had associated pain in abdomen which was

dull aching in nature. No history of fever, altered bowel or

bladder habits or any other associated complaints were given

by the patient. She had consulted a general practitioner for the

same, where ascitic fluid was withdrawn and found to be

negative for both malignant cells and AFB. Later in September

2017 she was put on ATT (anti tubercular treatment), in view of

raised adenosine diaminase levels in the ascitic fluid. Our pa-

tient was a known case of type 2 diabetes mellitus and hy-

pertension and was well controlled on insulin and

antihypertensive medications respectively. She was thor-

oughly evaluated at our department. On examination her vitals

were stable. She had tense ascites and a vague mass whose

exact margins could not be assessed, was palpable in the left

adnexa. Imaging studies revealed a left adnexal mass of

87� 84� 72 cm3. Ascitic tap donewas negative for tuberculosis

and malignancy, and so was the endometrial aspiration done

for CBNAAT, consequently decision for staging laparotomy

was taken, which she underwent in January 2018. Per opera-

tively 1400 cc of straw coloured ascitic fluid was drained. A

mass of about 10 � 10 cm was present arising from the left

ovary. It had irregular margins studded with areas of necrosis

and increased vascularity. The uteruswith right ovary and tube

were inflamed and adherent to the bowel (Fig. 1). Multiple

brown to yellow coloured deposits ranging from less than 0.5

cme1 cmwere present all over the abdominal cavity including

the bowel, omentum and peritoneum (Fig. 2). Left salpingo

ophorectomy was done and the frozen section revealed benign

Brenner's tumour. Multiple biopsies were taken from abdom-

inal lesions. Subsequently the abdomen was closed after

maintaining proper haemostasis and sponge and instrument

count. Postoperative phase was uneventful. Final histopathol-

ogy report proven mass to be benign Brenner’ s tumour (Figs.

3e5) and peritoneal deposits of tubercular origin (Fig. 6). ATT
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was continued in the postoperative period after histopathology

confirmed the disseminated peritoneal deposits were granu-

lomatous lesions. The patient has relief of symptoms and was

in satisfactory condition till our last follow up in June 2018.

19th September 2017- ascitic fluid e ADA 47.70 IU/Lt.

22nd September 2017 ascitic fluid e DLC: predominantly

lymphocytes: AFB -negative; malignant cells-negative.

7th January 2018: CA 125e43.9 IU/Lt; CA 19.9e2.16 U/Lt.

4th January 2018: CT SCAN- large sized left adnexal mildly

enhancing solid hypodense lesion features suggestive of

neoplasia.

24th January 2018: AFB -negative; CBNAAT: negative, ma-

lignant cells-negative.

3. Discussion

Brenner's tumour of the ovary is of a relatively uncommon

occurrence. Most of them are benign and less than 5% are

proliferating or borderline.1 Most of the times these tumours

are asymptomatic and when symptoms do appear they are

confined to vague complaints like abdominal discomfort and

bloating. The abdomen is the most common site of extrap-

ulmonary tuberculosis, with peritoneal disease being the

Fig. 1 e Per operative left ovarian mass.

Fig. 2 e Per operative peritoneal and bowel deposits.

Fig. 3 e Brennar 4X: Photomicrograph of ovary showing

multiple solid epithelial nests embedded within fibrous

tissue (H&E stain, 4x magnification).

Fig. 4 e Brennar 20x: Photomicrograph showing cystic and

solid areas of the epithelial cell nests with surrounding

spindle cell fibrous stroma (H&E stain, 20£magnification).

Fig. 5 e Brennar 40x: Photomicrograph of epithelial cell

nests of Brenner tumor comprising of regular oval nuclei

with nuclear longitudinal grooves in some cells (H&E stain,

40x magnification).
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commonest form within the abdomen.2 The most common

differential diagnosis in a case of suspected peritoneal

tuberculosis is peritoneal carcinomatosis. The presence of a

tumour arising from the ovary makes the diagnosis even

more elusive. In such a scenario the confirmation of the

benign nature of the ovarian mass hinges the verdict. Since

these are also the symptoms peritoneal tuberculosis patients

predominantly have, the diagnosis of the case we present

was guarded until the histopathological confirmation of the

same. The histological patterns observed in Brenner's tumour

are typically benign, with a few reports of borderline or ma-

lignant counterparts.3 And so was the case with our patient.

Surgical resection offers cure for most candidates of benign

Brenner's tumour. Our patient was prone to disseminated

form of tuberculosis not only due to the high prevalence of

the infection in the Indian population but also her long

standing diabetes making her status immunocompromised.

Peritoneal TB is a treatable infection, but its diagnosis is often

delayed due to nonspecific biological markers, long incuba-

tion times for cultures and the absence of characteristic

radiographic or ultrasonographic signs. The pharmaceutical

treatment of abdominal TB recommends a conventional ant

tuberculous therapy for at least 6 months including an initial

2 months of rifampicin, isoniazid, pyrazinamide and

ethambutol. The duration of treatment may also be extended

to 12 or 18 months.4 Our patient was put on ATT for 12

months. She is tolerating the treatment well with minimal

side effects. This is a rare case not only in the difficulty of

making a diagnosis of peritoneal tuberculosis in the absence

of ascitic fluid results being positive but also the presence of

an extremely rare benign Brenner's tumour further compli-

cating the diagnosis.
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Fig. 6 e Brenner granuloma 20x: Photomicrograph shows

epithelioid cell granuloma with caseous necrosis (H&E,

20x).
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a b s t r a c t

Tuberculosis is a major health problem in India. Gastrointestinal tuberculosis is the sixth

most common causes of extrapulmonary tuberculosis and it mostly involves the ileocaecal

region. Primary gastric tuberculosis in immunocompetent person is very rare. Stomach as

its site is rare and is the sixth most common site of gastrointestinal tuberculosis. It mostly

presents as a cases of non healing ulcer or gastric outlet obstruction. Yield of endoscopic

biopsies for granuloma is low due to submucosal location of these lesions and mostly they

are diagnosed after surgical intervention. We report a case of isolated gastric tuberculosis

in a middle age immunocompetent female who present as a cases of non healing ulcer and

responded well to standard antitubercular treatment. A high index of its suspicion should

be kept in mind in any chronic infiltrative lesions of stomach like non healing ulcers and

gastric outlet obstruction for its early diagnosis and treatment.

© 2018 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

1. Introduction

Gastroduodenal tuberculosis accounts for around 1% of all

cases of abdominal tuberculosis.1 It's usually associated with

pulmonary tuberculosis or in immunocompromised state.

Isolated gastric tuberculosis in immunocompetent person is

very rare and it usually presents as a case of peptic ulcer

disease or gastric malignancy.2

2. Case report

A 39 year old female with no comorbidities and no addictions

came to the hospital with complaints of pain in abdomen

since onemonth. Pain was epigastric in location, intermittent,

with no radiation. It increases with meals and has no effect of

proton pump inhibitors. It was associated with three kilogram

weight loss in a month. It was not associated with nausea,

vomiting, reflux symptoms, jaundice, gastrointestinal

bleeding, distension of abdomen, difficulty in passing motion

or flatus or fever. There was no similar illness in past or in

family. Her menstrual and obstetric history was normal. Her

body mass index was 25.4 kg/m2. General and systemic

examination was unremarkable. Her complete blood counts,

renal function test and liver function test were normal except

for thrombocytosis. Her erythrocyte sedimentation ratio was

47 mm at one hour. She was negative for HIV and hepatitis B.

Her ultrasonography of abdomen and X ray chest was normal.

Then her upper gastrointestinal endoscopy was done which

* Corresponding author. Tel.: þ91 8085561132.
E-mail address: manoria_piyush@yahoo.com (P. Manoria).

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: ht tp: / /www.journals .e lsevier .com/
indian- journal -of - tuberculosis /

i n d i a n j o u rn a l o f t u b e r c u l o s i s 6 6 ( 2 0 1 9 ) 5 0 2e5 0 4

https://doi.org/10.1016/j.ijtb.2018.10.003
0019-5707/© 2018 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

mailto:manoria_piyush@yahoo.com
www.sciencedirect.com/science/journal/00195707
https://doi.org/10.1016/j.ijtb.2018.10.003
https://doi.org/10.1016/j.ijtb.2018.10.003
https://doi.org/10.1016/j.ijtb.2018.10.003
http://www.journals.elsevier.com/indian-journal-of-tuberculosis/
http://www.journals.elsevier.com/indian-journal-of-tuberculosis/


showed a large ulcer at incisura (Fig. 1). Histopathological

examination of its biopsy revealed multiple granulomas with

epitheloid cells and multinucleate cells (Fig. 2). Then her co-

lonoscopy, contrast enhanced tomography of chest and

abdomen was done which was unremarkable. Her montoux

test was positive but serum calcium and angiotensin con-

verting enzyme levels were normal. So it was a case of gastric

ulcer granuloma. We have two options whether to start anti-

tubercular treatment or to start immunosuppressive therapy.

If we start immunosuppressive therapy, it can worsen the

condition of the patient if its tuberculosis. On the contrary if

we start antitubercular therapy, it can only delay the diag-

nosis if its crohn's disease. After discussing with the patient,

empirical antitubercular treatment with standard four anti-

tubercular drugs were started. After it her pain starts

decreasing and she regains her weight. Repeat upper gastro-

intestinal endoscopy at end of two months of therapy shows

complete healing of ulcer (Fig. 3).

3. Discussion

Tuberculosis is endemic in India. Pulmonary tuberculosis ac-

counts for 85% cases and extrapulmonary cases accounts for

15% of cases. Abdominal tuberculosis is the sixth most com-

mon site of extrapulmonary tuberculosis. Ileocaecal region is

the most common site of gastrointestinal tuberculosis fol-

lowed by ascending colon, jejunum, appendix, duodenum and

stomach.3 Incidence of tuberculosis reduces as we move

proximally and distally from ileocaecal region. Stomach as an

isolated site of tuberculosis is rare due to bactericidal prop-

erties of gastric acid, paucity of lymphoid tissue and rapid

transit of food in stomach.4 Its route of infection is direct

infection of mucosa, hematogenous spread or extension from

any neighbouring tubercular lesion.4 Most commonly it orig-

inates from adjacent celiac lymph nodes.5 It presentation is

mostly nonspecific as most common symptoms are abdom-

inal pain followed by vomiting. Due to delay in its diagnosis, it

mostly present as its sequelae in the form of gastric outlet

obstruction, gastrointestinal bleed, perforation or fistulous

communication. It mostly involves the antrum or prepyloric

region in the lesser curvature.6 Endoscopic biopsy has a low

yield for granulomas due to submucosal location of these le-

sions. Due to it its diagnosed is delayed andmostly patient has

to undergone surgical intervention. We were lucky to get

granulomas in our endoscopic biopsy leading to its early

diagnosis and treatment. Granulomas in stomach can be

caused by many causes but tuberculosis and crohn's disease

are the commonest. Granulomas are present in 80e100% of

gastrointestinal tuberculosis compared to 30e60% in crohn's
disease. Caseation is present in around 40% of cases of

gastrointestinal tuberculosis. Granulomas are more in num-

ber, larger inn size and confluent in tuberculosis compared to

crohn's disease.7 Yield of culture is 10e30% and of polymerase

chain reaction is 20e64% in gastrointestinal tuberculosis. Asia

Pacific Association of Gastroenterology and Indian Society ofFig. 1 e Endoscopic image showing large gastric ulcer.

Fig. 2 e Endoscopic biopsy showing granuloma with

multinucleate giant cell.

Fig. 3 e Endoscopic image showing healing of ulcer after 2

month of antitubercular treatment.
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Gastroenterology consensus on crohn's disease has suggested

a trial of antitubercular treatment in case where there is a

doubt in its diagnosis.8,9 Treatment of gastric tuberculosis is

conventional antitubercular therapy for at least six months

with initial two months of intensive therapy. Some authors

has also recommended one year duration of treatment for

gastric tuberculosis.10 Surgery is often needed for gastric

outlet obstruction or massive gastrointestinal bleed.

So to conclude, tuberculosis can involve any part of the gut

even in immunocompetent state. Gastric tuberculosis though

rare should be in the differential diagnosis of non healing ul-

cers and gastric outlet obstruction. In the presence of granu-

loma in any lesion of gut without any other definitive

diagnosis, empirical antitubercular therapy is thebestwayout.
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Editorial

Tuberculosis Association of IndiaeIn a torchbearers
role

Tuberculosis has been a major public health problem in the

country but it was only in the year 1912 that the then Gov-

ernment appointed Dr. A. Lankaster to undertake an in depth

assessment of situation and thus the enormity of the problem

was realized. However, in the absence of any effective treat-

ment, the government efforts in combating the disease were

only half hearted. It was primarily philanthropic societies and

voluntary organizations who took the lead in focusing on the

issues. Gradually the momentum picked up and in the year

1929, King George V Thanks giving Anti-Tuberculosis Fund

was created, which primarily focused on health education,

establishing a few TB clinics and training health workers.

The Establishment of Tuberculosis Association of India in

the year 1939 was a great landmark in the history of Tuber-

culosis prevention and cure in India. With the prime objective

of prevention, control, treatment and relief from Tuberculosis

the Association has come a long way in its glorious existence

of over 80 years.

The Association has proud tradition of having the blessings

of President of India as it’s Patron. The Director General of

Health Services of the Government of India is ex-officio

Chairman of the Association. The general management of

affairs of the Association invested in and rests with the Cen-

tral Committee who for purpose of Act XXI of 1960 is taken to

be and acts as the Governing Body of the Association. The

Central Committee includes among others the nominees of

the Patron, Trustees of the Association, Honorary Treasurer,

the Members of State TB Association, Members of Parliament,

Director General of Armed Forces Medical Services, Director

General, Railway Health Services, TB Adviser of the Govern-

ment of India.

Primarily the main functions of TAI were to act as an

Advisory Body on the prevention, control, treatment and relief

of TB. It used to be a coordinating agency for standardizing

methods for TB control, establishing model demonstration

centres, undertaking research and investigation on subjects

concerning TB and training health workers of the community

and professionals. In the pre-chemotherapy era, when no anti

TB drugs were available, the emphasis was laid on early

diagnosis and prevention of the disease. Use of collapse

therapy, nutritional support as the treatment and BCG

vaccination for prevention of disease were practiced and

advocated. TAI used to propagate these policies through

workshops and conferences.

During the Chemotherapy era, it was realized that the

traditional approach to the TB problem i.e. the sanatorium

was beyond the means of our country with the limited re-

sources and hence worked out the scheme of domiciliary

treatment (then known as the Organized Home Treatment -

OHT). This was later adopted as domiciliary treatment in

National TB Control Programme. To demonstrate OHT, a

model clinic, New Delhi TB Clinic was established, where in

addition to treatment, patients were given advice regarding

sputum hygiene, contact examination and other preventive

measures.

TAI is uninterruptedly publishing IJT, the quarterly journal,

for over 65 years now. This is the only renowned TB journal

published at the national level. Being a highly respected

journal among the medical fraternity, it is indexed in Medline

of National Library of Medicine USA. The Journal incorporates

original research articles on TB and respiratory diseases of

international standards. It has, on its editorial board, eminent

scholars and researchers and good circulation among TB

workers, Institutions in India and worldwide. The journal has

been given a new look from the January, 2015 issue which

coincideswith its publication andmarketing being outsourced

with M/s. Elseviers.

IJT has been publishing many review articles in recent

years pertaining to recent developments in the field of TB.

Noteworthing are: Journey of Tuberculosis Control in India,1

The Dynamics of Tuberculosis Epidemiology,2 Smear micro-

scopy as a diagnostic tool of tuberculosis: Review of smear

negative cases, frequency, risk factors, and prevention

criteria,3 Detection of drug resistance in Mycobacterium tuber-

culosis: Methods, principles and applications,4 Standards for

TB care in India: A tool for universal access to TB care,5

Accelerating TB notification from the private health sector in

Delhi, India,6 Extensively Drug-resistant Tuberculosis (XDR-

TB): A daunting challenge to the current End TB Strategy and

policy recommendations,7 Abdominal tuberculosis: A retro-

spective analysis of 45 cases,8 Endobronchial tuberculosis,9

Central Nervous System Tuberculosis10, Vaccines against
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tuberculosis: A Review,11 Progress in Achieving Universal Ac-

cess to Care for Multidrug Resistant Tuberculosis (MDR-TB),12

Reaching all Tuberculosis Patients in India with Quality Care:

Challenges, Opportunities and the Way Forward to Address

theMissingMillions,13 Improving Quality of Tuberculosis Care

in India14

In this special issue of IJT, we are publishing all these most

relevant topics related review articles at one place for benefit

of our readers.
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a b s t r a c t

To achieve the targets and milestones set by theWorld Health Organization (3) to their ‘End

TB Strategy’ to stop the global TB epidemic by 2035 and India’s commitment to eliminate

this disease from the country by 2025 (4), it will be important to improve the case finding

and effectively treat cases of tuberculosis both in the public and the private sector, the

latter still holding a major share. To strengthen the management of tuberculosis in the

private sector and to have uniformity in the treatment, we need to have a protocol, suitable

to our socio-economic conditions, which will not only provide guidance in getting better

treatment outcomes, but also help to interrupt transmission of the disease in the com-

munity, besides curbing the development of drug resistance. Several guidelines on the

management of tuberculosis are available, but these are considered as very good starting

points for treatment but not the only treatment option, since guidelines cannot address

every possible situation and substitute for good clinical judgment (5).Hence to meet these

requirements and shortcomings following protocol is provided to manage cases of tuber-

culosis and resolve several issues related to it.

© 2019 Published by Elsevier B.V. on behalf of Tuberculosis Association of India.

1. Introduction

Worldwide, around 10 million people still fall ill with the

tuberculosis each year (more adults than children, and

more men than women), and it remains to be one of the

top 10 causes of death and also is the leading cause of

death from a single infectious agent, ranking above HIV and

AIDS1 Tuberculosis (TB) continues to be India's severest

health crisis as it kills an estimated 480,000 people every

year (more than 1,400 every day), the third leading cause of

years of life lost (YLLs), in the country. India continues to

be the highest TB burden country in the world2 accounting

for more than one fourth (2.8 million cases) of the annual

global incidence.

To achieve the targets and milestones set by the World

Health Organization3 to their ‘End TB Strategy’ to stop the

global TB epidemic by 2035 and India's commitment to elim-

inate this disease from the country by 2025,4 it will be

important to improve the case finding and effectively treat

cases of tuberculosis both in the public and the private sector,

the latter still holding a major share. To strengthen the

management of tuberculosis in the private sector and to have

uniformity in the treatment, we need to have a protocol,
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suitable to our socio-economic conditions, whichwill not only

provide guidance in getting better treatment outcomes, but

also help to interrupt transmission of the disease in the

community, besides curbing the development of drug resis-

tance. Several guidelines on the management of tuberculosis

are available, but these are considered as very good starting

points for treatment but not the only treatment option, since

guidelines cannot address every possible situation and sub-

stitute for good clinical judgment.5 Hence to meet these re-

quirements and shortcomings following protocol is provided

to manage cases of tuberculosis and resolve several issues

related to it.

2. The main objectives of tuberculosis
therapy

While treating cases of tuberculosis following aims and ob-

jectives need to be considered for the benefit of the individual

and the community: 6

(1) to rapidly reduce the number of actively growing bacilli,

thereby decreasing severity of the disease, minimizing

the risk of death and disability; obtaining cure and

halting transmission of M. tuberculosis to other persons;

(2) to eradicate populations of persisting bacilli in order to

achieve durable cure (prevent relapse) after completion

of therapy; and

(3) to prevent acquisition of drug resistance during therapy

3. Criteria for diagnosis of tuberculosis

The diagnosis of tuberculosis is based on the following

criteria:

1. Clinical criteria: When the symptoms are typicalor sug-

gestive of tuberculosis and where an alternative diagnosis

is less likely; the disease is life threatening; there is an

exposure risk to tuberculosis; the individual has an

immuno-compromised status (HIV infection, Diabetes

mellitus, Long-term corticosteroid therapy); and where

there is concern for loss of follow-up and high trans-

mission risk. In one or the more of these clinical sit-

uation's,tuberculosis is to be suspected as a strong

probability, especially in areas with a high prevalence of

the disease.

2. Radiological criteria: Radiographic imaging, mostly plain

radiograph, and only occasionally supported by CT images

and ultrasound, consistent with tuberculosis. However,

radiological evidence should mostly arouse a suspicion of

tuberculosis, which needs to be confirmed bacteriologi-

cally, in as many cases as possible, except in early non-

bacillary cases.

3. Laboratory, bacteriological or histopathological criteria:

Evidence of tubercular infection (tuberculin or Interferon

Gamma Release Assay (IGRA) test positive); smear and/or

culture for Mycobacterium tuberculosis; or rapid molecular

test positive for TB; Cytology or histopathology findings

consistent with tuberculosis

4. Indications for use of X-pert MTB/RIF
assay

This relatively new rapid cartridge based fully automated mo-

lecular test, approvedbyWHO,7,8which simultaneouslydetects

M. tuberculosis as well as mutation that confer rifampicin

resistance, with a high sensitivity and specificity, making it

useful indiagnosis of tuberculosis and in screening the cases for

MDR-TB. It preferably shouldbedone, if possible, inall the cases

of tuberculosis, or else, at least in those cases who are contacts

of MDR-TB cases; whose sputum is positive at the end of initial

intensive phase of therapy; cases having clinico-radiological

failure of therapy; all the cases showing relapse of disease

after completion of therapy and who had defaulted from

treatment. The X-pert MTB/RIF assay, however, is not suitable

for monitoring response to treatment in a case of tuberculosis

which requires conventional microscopy & culture.

5. Empiric treatment

In certain clinical situations, an empiric anti-tubercular

treatment is sometimes started, even in the absence of a

definitive diagnosis. This could be a case with a strong clinical

suspicion of tuberculosis; in an area with high prevalence of

tuberculosis e.g. India; with a risk of progression and

dissemination of disease; who may be considered for anti-

tuberculosis therapy, even in absence of some important

diagnostic parameters. In above mentioned situation, persis-

tence of a radiographic lesion despite a suitable course of

antibiotic (without an anti-mycobacterial effect), to exclude

possibility of a non-tubercular infection, also makes a case for

empiric anti-tubercular treatment.

Clinical judgment and the index of suspicion for tubercu-

losis are critical in making a decision to initiate treatment in

some patients who have a high likelihood of tuberculosis

based on certain circumstantial evidences e.g. history of

exposure to tuberculosis or who are seriously ill with a life

threatening disease; empiric treatment with an optimal drug

regimen needs to be initiated promptly even before the results

of smear microscopy, molecular tests, and mycobacterial

culture are known.

6. When to delay or not to initiate treatment

In the absence of a definitive diagnosis, patients who are

clinically stable, where symptoms are not typical of tubercu-

losis; radiographic imaging not consistent with tuberculosis or

is indicative of quiescent or healed lesions; smear positive for

AFB but rapid molecular tests negative (suspicion of non-

tuberculous mycobacterial infection) or both the tests are

negative; the transmission risk of disease is low and an

alternative diagnosis is possible; the anti-tuberculous
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treatment in such situations needs to be postponed or is not

given at all, till a definite lead to diagnosis becomes available.

7. Sputum smear and culture negative
tuberculosis

Anti-tuberculosis treatment sometimes, even when the initial

sputum smears are negative, is initiated in patients who based

on their careful clinical and radiographic evaluation, are thought

to have pulmonary tuberculosis. Later, If M. tuberculosis is iso-

lated on culture or a rapid molecular test is positive, treatment

for active disease is continued for a full course, and if possible

based on drug susceptibility test results. Patients who have

negative cultures butwho still are presumed to have pulmonary

tuberculosis should have thorough clinical and radiographic

follow-up after 2e3 months of therapy. If there is clinical or

radiographic improvement and no other etiological disease is

identified, theanti-tuberculosis treatment shouldbecontinued.9

8. Detection of drug resistance before
initiation of therapy

Thismay be done either by newermolecular techniques (X-pert

MTB/RIFassay for rifampicin resistance; LineProbeAssay for the

detection of resistance to fluoroquinolone, ethambutol, isoni-

azid and second line injectable drugs); or by conventional

phenotypic drug sensitivity tests. The inability to perform these

tests should not form a barrier to the start of treatment. How-

ever, it will be preferable towork up at least those cases for drug

resistance who had an exposure to a resistant case of tubercu-

losis. It will also be important in such situations to know the

resistanceprofileof the indexcase fordeciding thedrug regimen

for better management of a case. World Health Organization

recommends that drug-susceptibility testing should be per-

formed in all these cases for at least isoniazid and rifampicin.10

9. Pre-treatment counselling prior to start of
therapy

It is important that a prior counselling of the patient and near

relatives is done on the following lines before start of therapy

in all the cases of tuberculosis to achieve better outcomes:

1. Educating the patient about tuberculosis and its prolonged

treatment, emphasizing on the possible adverse effects of

drugs 11,12

2. Discussing about the need for proper compliance to treat-

ment and its expected outcomes, including the chances of

obtaining cure in these patients.

3. Plans for periodic assessment of response to therapy; and

how to prevent drug resistance occurring or amplification

of resistance taking place during therapy

4. Discussing infectiousness and infection control mea-

sures to prevent transmission of the disease.13

5. Need for nutritional supplement

10. Presence of co-morbidities, alcoholism,
tobacco addiction and air pollution

There is a constant interplay in a case between the environ-

ment, health status, and genetics. In tuberculosis the impor-

tant host factors that play a role in this dynamic process

include age, nutritional status, emotional and physical stress,

concurrent co-morbid conditions, social circumstances, and

possibly host genotype, including gender.14 In the pre-

chemotherapy era, treatment of tuberculosis was directed

towards strengthening the host's resistance and providing

nourishing diet and restwere believed to improve the patient's
immune response.15,16 Unfortunately, in the present time,

India is facing, in abundance, problem of co-morbid condi-

tions and factors like diabetes mellitus, HIV infection,

malnutrition, vitamin-D deficiency, alcoholism, addiction to

tobacco, ambient pollution etc., which not only predispose to

tuberculosis but also adversely affect its management and

outcomes.

Diabetes mellitus (DM), whose prevalence in India is high,

is known to increase the risk of tuberculosis, accelerate its

progression& complicate the treatment with poor out-

comes.17e19 An association between malnutrition & tubercu-

losis has also been found in several studies and there are

several epidemiological evidences and biological basis

favouring this relationship.20 Hence, it is not only important to

identify these co-morbid conditions, but also to simulta-

neously manage them effectively for better results.

Alcoholism, tobacco addiction and environmental pollu-

tion also are important contributory factors to the develop-

ment of tuberculosis and its management and abstaining

from these is important for the control of tuberculosis

problem.

11. Treatment of newly diagnosed cases of
tuberculosis

Treatment of newly diagnosed cases tuberculosis, having no

or less than 15 days anti-tuberculosis treatment in past, is

discussed below, however, it does not include cases har-

bouring drug-resistant bacilli. To achieve high success rates

and prevent drug resistance developing or amplification of

drug resistance occurring during treatment, these cases need

to be treated effectively with an optimal therapy. Some basic

principles and guidelines to be followed for this purpose are

mentioned below:

Effective treatment of tuberculosis, though apparently

simple, is one of the most challenging aspects in the man-

agement of tuberculosis. There are several problems and is-

sues in the treatment including drug intolerance, adverse drug

reactions, prolonged treatment, cost of therapy, emergence of

drug resistance etc. In situations where sensitivity status is

known prior to start of therapy or becomes available during

therapy, the drugs are chosen or modified according to the

pattern of resistance, if any, in the case. Where facilities for

culture or rapidmolecular based drug-susceptibility testing do
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not exist, the drug regimen is formulated in such a way that it

yields, high cure rates with low relapses. Keeping this in mind

the choice of drugs is done based on some basic principles e.g.

giving a bi-phasic therapy, combining multiple drugs, usually

four in the initial intensive phase (rifampicin, isoniazid,

ethambutol and pyrazinamide) and three drugs in the

continuation phase (rifampicin, isoniazid and ethambutol),

for a prolong edduration.21,22

Multiple drug therapy in tuberculosis is given to combat

the problem of resistant mutants present in a wild population

besides the other factors e.g. primary drug resistance in the

region which is high in India;23 tackling different populations

of mycobacteria in a lesion24 (rapid growing; slow growing;

dormant bacilli with spurts of metabolism; and fully dormant

bacilli); and utilizing various properties of anti-tuberculous

drugs (bactericidal action; bacteriostatic action; and preven-

tion of resistance to companion drugs. The resistant mutants

in a lesion are proportionate to the size of bacillary population

which is influenced by several factors including the type of

lesion, solid or liquefied; cavitary or non-cavitary; size of the

cavity; extent of disease; environmental pH and partial oxy-

gen pressure; target organ; concentration of the drug at the

site etc. Multiple drugs are crucial for the outcome of treat-

ment as these are helpful in patients harbouring large bacte-

rial populations, to put a rapid stop to bacterial multiplication

killing drug-susceptible bacilli fast obtaining, an“early kill”.14

This leads to a rapid reduction in the total number of bacilli

in the sputum especially within the first 2 weeks of

treatment.25

All treatment regimens have two phases of therapy e an

initial intensive phase and a continuation phase.26,27 The

initial intensive phase of treatment is designed to kill actively

growing and semi-dormant bacilli and the plan should be to

include a minimum of three active drugs in a case of tuber-

culosis to obtain cure minimizing the risk of development of

drug resistance. Pyrazinamide is added as a fourth drug to

shorten treatment duration since it has the capability to work

in an acidic environment killing slow growing bacilli. Hence,

to cover the risk of development of drug resistance in new

cases, the current recommendation is for giving four drugs in

the initial intensive phase of treatment, not used previously or

that have a higher likelihood of being susceptible. All treat-

ment regimens must have at their core a minimum of two

very active drugs responsible for killing and sterilising M.

tuberculosis, and two or more accompanying drugs that kill

little but are responsible for protecting the core drugs from

developing drug resistance. Thus, drug resistance is an

important consideration while deciding a regimen; however,

giving multiple drugs takes care of resistance developing and

obviates the need for identifying initial drug resistance to

some extent.

Injection streptomycinmay often be used as a replacement

drug in adults below the age of 45 years, when one of the drugs

in the intensive phase, cannot be given because of intolerance

or adverse reaction. On occasions moxifloxacin or levo-

floxacin can also be used in place of ethambutol during

intensive phase in adults in whom ethambutol cannot be

used, or in place of isoniazid throughout treatment in adults

in whom it cannot be used.

12. Continuation phase of treatment

The continuation phase eliminates most residual bacilli and

reduces failures and relapses. This is a less aggressive phase

of chemotherapy started when bacterial population is much

reduced as demonstrated by absence of tubercle bacilli in

sputum,28 starting after 8e12 weeks of initial intensive phase

and continues till the end of therapy. Since the numbers of

bacilli are low hence there is less chance of selecting drug-

resistant mutants and therefore, fewer drugs are needed.14

During this phase usually two effective drugs to which

bacilli are sensitive or likely to be sensitive are given (rifam-

picin and isoniazid). However, WHO guidelines now recom-

mend, in areas with high prevalence of primary isoniazid

resistance (>4%), adding ethambutol as the third drug, thus

making a combination of isoniazid, rifampicin and etham-

butol.10,29 This improves the success rate besides preventing

the amplification of drug resistance.

13. Extension of continuation phase

Patients with cavitation on the initial chest radiograph and

who have positive cultures at completion of 2 months of

therapy, it is recommended to extend the continuation phase

for an additional 3 months, making it 7 months plus intensive

phase of 2 months.30 Those patients who only have one of the

above-mentioned features, additional factors that make a

case for prolong treatment include:more than 10% below ideal

body weight; an active smoker; having diabetes, HIV infection,

or any other immunosuppressing condition; or having

extensive disease on chest radiograph.6,31e36

14. Type and location of lesion

The type of tissue harbouring tubercle bacilli may affect drug

action since not all drugs are able to penetrate all tissues and

cells or permeate biological membranes, including the normal

bloodebrain barrier. The number of tubercle bacilli also varies

widely with the type and location of the lesion. The disease

may be pulmonary or extra-pulmonary and in the former it

may be cavitary or non-cavitary and thereby having a varied

bacterial population. The number of bacilli in a cavitary lesion

is high and a middle size cavity with a bronchial communi-

cation has 108 (100million) bacilli, whereas in an encapsulated

nodular lesion of the same size with no bronchial communi-

cation, the number can be as low as 102 (100) bacilli. The

numbers are also rather low (102)in extra-pulmonary lesions

of the skin, lymph glands, meninges, and bones.14 The larger

the bacterial population, the higher is the probability that

resistant mutant strains are present even before treatment is

started 37 and this fact needs to be actively considered when

deciding a therapeutic regimen in a case.

Penetration of the drugs in the affected tissue has also to be

taken into consideration. Certain tissue, e.g. brain and

meninges; bones and joints, have poor penetration of drugs

which needs selection of such drugs which easily penetrate

i n d i a n j o u rn a l o f t u b e r c u l o s i s 6 6 ( 2 0 1 9 ) 5 0 7e5 1 5510

https://doi.org/10.1016/j.ijtb.2019.11.003
https://doi.org/10.1016/j.ijtb.2019.11.003


the affected organ and sometimes may even have to prolong

the therapy.

15. Proper therapeutic dosages

A proper therapeutic dosage of a drug is always given to

generate a suitable serum inhibitory concentration essential

for an effective treatment of tuberculosis. Sub-therapeutic

dosage leads not only to poor outcomes but also to develop-

ment of drug resistance. Drugs must be given in doses large

enough to produce an inhibitory concentration at the sites

where bacilli are found, but it is not necessary to keep this

concentration at a constant level. Studies have shown that it is

the peak serum level that is more important for the response

to the drug.38 To achieve this most of the anti-tubercular

drugs, as far as possible, are given in a single dose rather

than in divided dosage and are also preferably given on an

empty stomach for better absorption. Overdosage is also to be

avoided, which not only leads to increase in the pill counts,

but also more drug intolerance and toxicities leading to in-

terruptions in treatment, often withdrawal of the drug, poor

treatment compliance and inferior results. As a basic principle

a single drug should never be added to a failing regimen.14

16. Weight monitoring and re-adjustment of
dosages

The therapeutic dose of each drug in the regimen must be

calculated according to the bodyweight of the patient as far as

possible. Monitoring of weight is also to be done in all cases

preferably at monthly intervals to assess response to treat-

ment and tomake dose adjustments according to the changes.

17. Therapeutic dose of rifampicin

Currently the doses of rifampicin used in the regimens is often

lower than the therapeutic doses in a subset of patients with

higher weight. The standard rifampicin dose of 8e12 mg/kg

body weight to a maximum of 450 or 600 mg is being used all

these decades. However, it never has been the optimal

dose.39,40 The dose used since 1970 was established as the

minimum that was effectivedlargely because of fears of side

effects and the high cost of rifampicin at the time.41 This

argument eventually made its way into tuberculosis treat-

ment guidelines and still is continuing to be there.42,43 The

USPHS tuberculosis study in 1979 also had fixed up a dose of

rifampicin to a maximum of 600mg/day (10mg/Kg).44 Recent

pharmaco-dynamic studies suggest that the current dose of

rifampicin is at the lower end of the doseeresponse curve. It

has also been found that a relatively small increase in dose of

rifampicin is associated with a more than proportional in-

crease in its AUC.39,40,45e49 Rifampicin exhibits concentration-

dependent killing of M. tuberculosis; higher exposures poten-

tially induce better outcomes. This property of RMP has not

been exploited by the standard dose, and higher doses appear

to be well tolerated. Higher rifampicin exposures potentially

offer more cure, less drug-resistant mutants, and a shorter

treatment duration.48,50e53 Presently, higher doses of rifam-

picin, in a range of 15e35 mg/kg, have been studied in several

clinical trials with good results and acceptability.52,54e56 Jin-

daniin their RIFATOX Trial56; found that a daily dose of 20 mg/

kg rifampicin for 4 months is safe and well tolerated and no

significant increase in adverse events occurred when the dose

was increased from 10mg/kg to 15 mg/kg or 20 mg/kg. Similar

results on the safety have been shown in several other studies.

Indeed, increased serum transaminase concentrations and

bilirubin levels after starting rifampicin treatment are com-

mon, but these do not appear to be dose related. Severe hep-

atotoxicity associated with the use of rifampicin has only

rarely been reported to occur in the elderly and thosewith pre-

existing liver disease. However, caution should be exercised in

patients whose liver function tests are compromised for any

reason; in those with viral hepatitis infection; and in pregnant

women.45,49,55,57,58

Hence, till definite recommendations are available on

higher doses, at least, the standard therapeutic dose of 10mg/

Kg., be given according to the body weight in patients

belonging to the higher weight group, exceeding 600 mg

maximum dose, to improve the treatment outcomes and

minimizing contribution of this factor of sub-therapeutic

dosing leading to the development of drug resistance.

18. Daily regimens

The frequency of administration of anti-tubercular therapy

must be daily in both, initial intensive and the continuation

phases. The treatment success rates are better and relapse

rates lower with the daily regimene specially considering the

frequently encountered advanced lesions with high bacillary

loads in India. According toWHOguidelines (2017), all patients

with drug-susceptible pulmonary tuberculosis, the use of

thrice-weekly dosing is not recommended in both the inten-

sive and continuation phases of therapy, and daily dosing

remains the recommended dosing frequency.

19. Fixed dose combination (FDC)

The use of fixed-dose combination (FDC) tablets is recom-

mended over separate drug formulations in treatment of pa-

tients with drug-susceptible tuberculosis.10 The reduced pill

burden by using FDCs may be especially valuable in patients

with co-morbidities. However, there are issues of bioavail-

ability with FDC which needs to be ensured using quality

drugs only. Moreover, in the event of drug intolerance,

adverse drug reactions and renal or liver function impairment,

there may be problems of dose adjustments with the FDC and

this may only be possible with separate drug formulations.

20. Initiation of anti-retroviral treatment
(ART) in tuberculosis patients infected with HIV

Anti-retroviral therapy should be started in all tuberculosis

patients with HIV infection regardless of theirCD4 cell count,

preferably within the first 8 weeks of start of anti-tuberculosis
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treatment. However, those patients with profound immuno-

suppression (CD4 counts less than 50 cells/mm3) must receive

ART within the first 2 weeks of initiating TB treatment.10 No

extension of the period of anti-tuberculosis therapy is needed

in these patients. The potential for drugedrug interactions,

especially between the rifampicin and antiretroviral agents

and paradoxical reactions that may be interpreted as clinical

worsening must be kept in mind and handled properly and

adequately6

21. Use of adjuvant steroids

Use of adjuvant steroids is not indicated in cases with pul-

monary tuberculosis, however, it may be specifically required

in certain extra-pulmonary tuberculosis cases e.g. tubercu-

lous meningitis and pericarditis for an initial period of 6e8

weeks. According to WHO,10 in patients with tuberculous

meningitis, an initial adjuvant corticosteroid therapy with

dexamethasone or prednisolone tapered over 6e8 weeks

should be used. It also recommends that an initial adjuvant

corticosteroid therapy may be used in patients with tubercu-

lous pericarditis.

22. Management of adverse drug interactions

When two or more drugs are taken simultaneously, syner-

gistic as well as antagonistic interactions may occur between

the drugs and the host, generally making it impossible to say

what is due to what.14 This sometimes may lead to adverse

reactionswhichmay be oftenminor but sometimesmajor too.

Major adverse reactions to antituberculosis drugs can cause

significant morbidity, and compromise treatment regimens

for tuberculosis.59 These can diminish treatment effective-

ness, since they significantly contribute to non-adherence,

eventually contributing to treatment failure, relapse or the

emergence of drug-resistance.60e62 Mild adverse effects,

mostly gastroeintestinal reactions, are usually managed with

symptomatic treatment or modifying the timing of their

intake minimally affecting their absorption and peak serum

concentration.63,64 An unexplained nausea, vomiting, and

abdominal pain are evaluated with liver function tests to

exclude possible hepatotoxicity.65 Drug-induced hepatitis, the

most frequent serious adverse reaction caused by isoniazid,

rifampicin and pyrazinamide, is suspectedwhen the ALT/liver

enzyme level is� 3 times the upper limit of normal along with

the presence of symptoms of hepatitis, or �5 times of normal

in the absence of symptoms. In such events the hepatotoxic

drugs must be stopped, and patient be evaluated carefully

excluding other causes of abnormal enzymes;58 Later, as the

liver recovers some drugs may be re-introduced, however, the

optimal approach to this is still not known.66,67

In other severe adverse, the offending drugmay often have

to be withdrawn temporarily or permanently and in the event

of the latter, the drug must be replaced by another from a

different group. Patients with severe tuberculosis may often

require continuation of the therapy with a regimen holding

offending drugs and supplementing safer alternatives.

23. Risk of relapse

Pulmonary tuberculosis, caused by drug-susceptible organ-

isms, where the lesion initially is non-cavitary and pauci-

bacillary,they carry a lower risk of relapse after completion

of treatment. Cavitation on the initial chest radiograph has

been shown to be a risk factor for relapse.68,69 Patients having

both, cavitation and a positive culture at completion of two

months of therapy, have been associated with rates of relapse

of approximately 20% compared with 2% among patients with

neither factor after treatment completion.68 Hence, advanced

diseasewith cavitary lesions and high bacillary counts need to

be treated more cautiously in view of the high treatment

failures and relapses in this group of patients.

24. Follow-up evaluations

During treatment sputum smear for AFB and culture for M.

tuberculosis (only If the proper facilities are available), are ob-

tained atmonthly intervals, until 2 consecutive specimens are

negative. Duration of the continuation phase regimen ideally

depends on the sputum test results at the end of two months

of intensive phase of treatment. If it is negative the continu-

ation phase is started. Sputum specimens at the completion of

two months of intensive phase is critical if negativity has not

yet been documented and in such a case this phase is

extended by one month. A sputum specimen positive for AFB

at two months after start of therapy has also been shown to

correlate with the likelihood of relapse after completion of

treatment.31,68

25. Self-administered verses directly
observed treatment (DOT)

In the Cochrane Database Systematic Reviews,70,71 DOT did

not provide a solution to poor adherence in treatment as they

did not find in the existing trials any significant differences

between self-administered therapy and DOT while assessing

several outcomes including mortality, treatment completion,

cure and relapse. However, some authors,6,72 found DOT to be

associated with improved treatment success.

In the present time more use of modern digital technology

needs to be done, as it becomes easily available, for better

treatment compliance, through smart phones, digital medi-

cation monitor, video observed treatment (VOT), wherever

feasible.

26. Management of treatment interruptions

Interruptions in therapy are frequently seen in the treatment of

tuberculosis due to varied reasons. In such an event it needs to

be decided whether to restart a complete therapy once again or

simply to continue therapy as intended originally. Guidelines of

ATS,CDC, and IDSA6haveverywell dealt suchsituations arising

during treatment. In general, the earlier the break in therapy

and the longer its duration, more serious are the consequences
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and greater the need to restart treatment from the beginning.

Continuous treatment ismore important in the intensive phase

of therapywhen thebacillary population ishighest and thus the

chance of developing drug resistance greatest. During the

continuation phase, the number of bacilli is much smaller, and

the goal of therapy is to kill the persisting organisms.

If the interruption in the therapy has been during the

intensive phase and the lapse has been of less than 14 days in

duration then continue treatment as per the original plan,

however, if the lapse is ofmore than 14 days, restart treatment

from the beginning.

During the continuation phase if the interruption occurs, in

a case where sputum was smear negative for AFB on initial

testing, and who has received 80% or more of the treatment,

further therapy may not be necessary. In the same scenario if

the initial sputum examination was positive for AFB, continue

same therapy until completion of treatment. In a case where

the interruptionhas occurredwhen the treatment receivedhas

been less than 80%, and the accumulative lapse has been less

than 3 months and consecutive lapse is not more than 2

months duration, the same treatment be continued until

completion of the original therapy planned. If this treatment

cannot be completed within a time frame of 9 months, restart

therapy from the beginning (intensive phase to be followed by

continuation phase). In a situationwhere the case has received

less than 80% of the treatment and the lapse is 3 months or

more in duration, restart therapy from the beginning, starting

with new intensive phase followed by the continuation phases.

Ideally, patients who are lost while undergoing treatment

and brought back to therapy, with interim treatment inter-

ruption, should have sputum resent for AFB smear, culture,

and drug susceptibility testing, for the treatment to be modi-

fied according to the results when available.

27. Tuberculosis patients returning after
default or having relapse from the first treatment

These patients requiring re-treatment should ideally have

drug susceptibility testing before constituting a drug regimen

or else a therapy comprising of primary drugs already taken

may be re-prescribed. Attempt be made to find out the cause

of previous default which should be rectified as far as possible.
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1. Introduction

Pulmonary tuberculosis in geriatric age groupmay cause no or

mild signs and symptoms in contrast to the prolonged disease

course that is common in post-primary or adult type disease.

Atypical clinical manifestations of TB in older persons can

result in delay in diagnosis and initiation of treatment; higher

rates of morbidity and mortality from this treatable infection

can occur. Underlying illnesses, age-related diminution in

immune function, the increased frequency of adverse drug

reactions, and institutionalization can complicate the overall

outcome in elderly patients with TB. A high index of suspicion

for TB in this vulnerable population is, thus, undoubtedly

justifiable.1 Acute or chronic diseases, malnutrition, and the

biological changes associated with aging can disrupt protec-

tive barriers, impair microbial clearance mechanisms and

contribute to the expected age-related diminution in cellular

immune responses toMycobacteriumTB.2 The diagnosis of TB

can be difficult, and this treatable infection is sometimes

documented only on post-mortem examination. In addition,

therapy for TB in elderly individuals is challenging because of

the increased incidence of adverse drug reactions. Further-

more, institutionalized elderly persons are at high risk for

reactivation of latent TB and are susceptible to new TB

infection.2

2. Clinical presentation

Tuberculosis in older patients can present atypically.3,4

Approximately 75% of elderly persons with tuberculosis dis-

easemanifest lung involvement.5 In addition, disseminated or

miliary tuberculosis, tuberculous meningitis, and skeletal and

genitourinary tuberculosis increase in frequency with

advancing age.6 Many older patients with tuberculosis disease

may not exhibit the classic features of tuberculosis (i.e.,

cough, hemoptysis, fever, night sweats, and weight loss).

Tuberculosis in this population may present clinically with

changes in functional capacity (e.g., activities of daily living),

chronic fatigue, cognitive impairment, anorexia, or unex-

plained low-grade fever.3,4 Nonspecific symptoms and signs

that range in severity from subacute to chronic and that

persist for a period of weeks tomonthsmust alert clinicians to

the possibility that unrecognized tuberculosis is present.

2.1. Pulmonary tuberculosis

Pulmonary tuberculosis is by far the most common form of

tuberculosis in the elderly population.3 Although aging pa-

tients with pulmonary tuberculosis can present with typical

respiratory as well as systemic symptoms (e.g., sputum pro-

duction, hemoptysis, fever, night sweats, weight loss, and

anorexia), a significant number of such patientsmaymanifest

atypical complaints or may exhibit minimal pulmonary

symptoms.

2.2. Miliary tuberculosis

Miliary, or disseminated, tuberculosis occurs with greater

frequency among aging patients; many cases are detected

only at autopsy.7 Miliary tuberculosis is typically associated

with an acute or subacute pattern of high, intermittent fever

and clinical evidence of meningeal or serosal involvement.

Overwhelming infection results in numerous caseous lesions

that harbor thousands of replicating tubercle bacilli and

minimal neutrophilic infiltrate with no granulomatous reac-

tion. Clinical features include unexplained fever, weight loss,
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and hepatosplenomegaly, without other focal signs; this form

of tuberculosis should be considered in the differential diag-

nosis of fever of unknown origin.

2.3. Tuberculous meningitis

Tuberculous meningitis in elderly patients results from reac-

tivation of a primary dormant focus or is associated with

miliary seeding of infection.8 Like younger patients, older

patients generally present with a subacute onset of fever,

headache, and confusion, with concomitant or preceding

systemic symptoms of weakness, anorexia, and fatigue.

However, some older patients can also manifest unexplained

dementia or obtundation without fever or nuchal rigidity; for

such patients, a high index of suspicion for tuberculous

meningitis must be maintained until the suspicion is dis-

proven. Tuberculous meningitis is associated with exceed-

ingly high mortality among elderly persons; neurological

sequelae or deficits are common among survivors.

2.4. Skeletal tuberculosis

In elderly persons, involvement of bone in M. tuberculosis

infection commonly affects the spine.9,10 The thoracic and

lumbar spines are commonly involved; cervical disease is

unusual. Paravertebral abscesses, or cold abscesses, are

often associated with spinal infection. Primary symptoms

of spinal tuberculosis include pain over the involved

vertebrae; neurological deficits and sinus tracts may occur

with more advanced disease. Low-grade fever, weight loss,

fatigue, and anorexia may be present. Tuberculous arthritis

commonly involves the large, weight-bearing joints; how-

ever, in elderly persons, peripheral joints (i.e., the knees,

wrists, ankles, and metatarsophalangeal joints) may be

involved.11 Pain and swelling of the involved joints and loss

of range of motion can sometimes occur. Because older

patients often have degenerative joint disease or other

arthritides, the diagnosis of coexisting tuberculous arthritis

may easily be overlooked.

2.5. Genitourinary tuberculosis

Although genitourinary tuberculosis occurs more often in

persons in the third, fourth, and fifth decades of life, this form

of disease is also seen in elderly persons.12 The kidney is the

major site of involvement, and as many as 20%e30% of pa-

tients are asymptomatic. Genitourinary tuberculosis may

involve the ureters, bladder, prostate, epididymis, and semi-

nal vesicles. Presenting symptoms may include dysuria, uri-

nary frequency, flank pain, and hematuria. The diagnosis is

often considered when an abnormal urinary sediment, pyuria

without bacteruria, or hematuria is noted. Significant disease

may result in pelvic or scrotal masses and draining sinuses;

systemic manifestations (fever, anorexia, weight loss) may be

absent.

2.6. Other sites

Tuberculosis in elderly patients, like that in younger patients,

can involve almost any organ in the body. Tuberculosis

disease involving the lymph nodes, pleura, liver, gall bladder,

small and large bowel, pericardium, middle ear, and carpal

tunnel has been described in older patients.3

3. Diagnosis

For screening purposes, the tuberculin skin test remains the

diagnostic intervention of choice, despite the associated po-

tential for false-negative results. The prevalence of decreased

relative strength of reaction or lack of reaction to tuberculin

increases with age and may be partly explained by anergy.

Moreover, the “booster effect” of skin-test reactivity to antigen

increases in prevalence in the elderly population.13,14

A positive tuberculin skin test reaction or clinical mani-

festations suggestive of tuberculosis warrant chest radiog-

raphy, because (as previously stated) 75% of all tuberculosis

cases in the elderly population involve the respiratory tract.

Most cases of pulmonary tuberculosis in elderly patients are

reactivation disease; 10%e20% of cases result from primary

infection or reinfection. Although reactivation tuberculosis

classically involves the upper lobes of the lung (apical and

posterior segments), several studies have shown that pul-

monary tuberculous infection in many elderly patients man-

ifests in either the middle or the lower lung lobes.5 Thus,

clinicians must exercise caution when interpreting radio-

graphic evidence of tuberculosis in older patients because of

the possibility that infection may take hold in an atypical

location in the lung fields.

Sputum examination for M. tuberculosis, using smear and

culture, is indicated for all patients who have pulmonary

symptoms and/or radiographic changes compatible with

tuberculosis and who have not been treated with tubercu-

losis chemotherapy. More aggressive diagnostic interven-

tion should be considered for elderly patients who are

unable to expectorate sputum; the use of flexible fiberoptic

bronchoscopy to obtain bronchial washings and bronchial

biopsy specimens is clearly feasible and is a valuable

diagnostic option.15 In frail elderly patients, however, the

risk of such a procedure should be carefully weighed

against the benefit of potentially making a diagnosis of

tuberculosis.

For suspected pulmonary tuberculosis, it is recommended

that 2 sputum specimens; one obtained in the morning and

one spot be used for routine mycobacteriological studies as

per RNTCP guidelines. These specimens should be subjected

to smear examination and then cultured for M. tuberculosis.

Rapid molecular tests based on nucleic acid amplification

tests, such as CBNAAT and LPA for amplifying DNA may

facilitate rapid detection of M. tuberculosis in respiratory tract

specimens. The rapid diagnosis of tuberculosis is especially

important in the high-risk elderly population and for HIV-

infected persons and patients infected with multiple-

drugeresistant M. tuberculosis (MDR-TB). Histologic examina-

tion of tissue from various sites, such as the liver, lymph

nodes, bone marrow, pleura, and synovium, that reveals the

characteristic tissue reaction (caseous necrosis with granu-

loma formation) is also useful for diagnosis of tuberculosis

disease.
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4. Therapeutic difficulties

Old people with tuberculosis present problems not only of the

diagnosis but also of treatment. The key problems are a poor

compliance with treatment, poor tolerance of therapy and the

presence of underlying or associated diseases.16,17 The main

cause of failure of treatment in tuberculosis, whatever the age,

is poor patient compliance, and in the elderly this problem is

accentuated. Old people especially the very old are unreliable

about taking tablets regularly, at the right time or in the right

dose, particularly if several drugs are to be taken concurrently.

Poor memory, poor eyesight and mental confusion may be

contributory factors. Old people often become apathetic about

their treatment and lack the determination required to com-

plete a course of treatment of six months. Many countries,

therefore, prefer to use supervised intermittent chemo-

therapy for such patients. Side effects of certain drugs may

also lead to poor compliance with the treatment. A careful

watch must be kept for the side effects of drug treatment

because the old persons, particularly the very old, cannot be

relied upon to recognize their significance. Doses of drugs

must be carefully monitored and special care taken if there is

evidence of hepatic or renal failure. In a retrospective review,

it has been reported that elderly people were nearly three

times more likely to have reactions to antituberculous drugs

as compared to younger patients.18 Various studies including

those from India have definitely shown advancing age as an

important predictor of hepatotoxicity due to INH and rifam-

picin.18,19 Rifampicin combined with INH has an additive but

not synergistic hepatotoxic effect. Monthly monitoring of

serum transaminases is advisable in such patients.

Ethambutol can cause diminution of visual acuity, central

scotomas and disturbance of red-green vision attributable to

optic neuritis. Since some visual impairment is common in

elderly, a careful examination that includes testing of visual

acuity and color discrimination should be performed before

initiating ethambutol therapy. In elderly patients with sig-

nificant renal dysfunction associated with retinopathy, or

cataracts, in whom evaluation of visual changes may be

difficult, the benefits of ethambutol administration must be

carefully weighed against the risks. The nephrotoxicity and

ototoxicity due to streptomycin is more frequent in patients

with pre-existing renal impairment and is generally irrevers-

ible. Since with normal aging, renal function declines, hearing

acuity diminishes, and vestibular disturbances are more

incapacitating, elderly patients have increased risks of

suffering from renal toxicity and ototoxicity and of being

severely impaired by them. As with ethambutol, the benefits

of streptomycin therapy must be weighed against its risks in

the elderly patient and dose adjusted accordingly.

Drug interactions must also be considered in old people

who are likely to be on treatment for other diseases at the

same time: e.g., INH can reduce the anticonvulsant action of

phenytoin; rifampicin can interfere with the action of digoxin,

tolbutamide and corticosteroids. In most cases, all that is

needed to overcome the unwanted effects of drug interactions

is an adjustment of dosage.

5. Conclusion

Tuberculosis in geriatric population is not so uncommon. It is

a serious illness in this age group. Elderly people are at a high

risk of developing disease and sometimes disseminated type

also. Clinical presentation is usually atypical sometimes

clinical features are masked by other co-existing disease.

Diagnosis is difficult as tuberculin test is negative because of

age related anergy; radiological features are also atypical as

COPD usually co-exists. As far as treatment is concerned,

dosage of drugs have to be adjusted, more chances of side

effects (due to some or other concomitant therapy), difficult

compliance. But if the care givers of old persons are alert, early

diagnosis and ensuring treatment adherence do help in

managing TB cases in this age group.
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a b s t r a c t

Background: Treatment of drug susceptible tuberculosis (DS-TB) requires regimens con-

taining first line drugs (FLDs’) whereas drug resistant tuberculosis (DR-TB) are treated with

regimens comprising combination of both second line drugs (SLDs’) and few FLDs’. Adverse

drug reactions (ADRs’) to these anti-tubercular drugs are quite common as they are being

used for longer duration. ADRs’ may cause associated morbidity and even mortality if not

recognized early. There are major concerns regarding treatment of DR-TB patients

particularly with SLDs’ in that they are expensive, have low efficacy and more toxic as

compared to FLDs’. There may be a severe impact on adherence and higher risk of default

and treatment failure affecting outcome overall if such ADRs’ are not properly managed.

Methods: A search strategy was adopted involving principal electronic databases (Pubmed,

EMBASE, Google and Google scholar) of English language articles from 1990 till now, using

various terms in combination. All articles with resulting titles, abstract and full text, when

available were read and kept for reference.

Results: 101 articles including 4 systematic reviews have been identified. The overall

prevalence of ADRs’ with FLDs’ and SLDs’ are estimated to vary from 8.0% to 85% and 69%

to 96% respectively. Most ADRs’ are observed in the intensive phase as compared to

continuation phase. No difference in frequency of ADRs’ was reported with intermittent or

daily intake of anti-tubercular drugs. The occurrence of ADRs’ may be influenced by

multiple factors and may range from mild gastrointestinal disturbances to serious hepa-

totoxicity, ototoxicity, nephrotoxicity peripheral neuropathy, cutaneous ADRs’, etc. Most of

ADRs’ are minor and can be managed without discontinuation of treatment. Some ADRs’

can be major or severe causing life-threatening experience leading to either modification or

discontinuation of regimen and even mortality if not recognized and treated promptly.

Conclusion: Early recognition by active surveillance and appropriate management of these

ADRs’ might improve adherence and treatment success.

© 2019 Published by Elsevier B.V. on behalf of Tuberculosis Association of India.
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1. Introduction

India features among the 22 high tuberculosis (TB) burden

countriesandhasaccounted for an estimatedone-quarter (26%)

of all TB cases worldwide.1 Treatment regimen comprising

multiple first-line drugs (FLDs') such as Isoniazid (H), Rifampicin

(R), Pyrazinamide (Z), Ethambutol (E) and Streptomycin (S), re-

mains the cornerstone of treatment of drug-susceptible TB (DS-

TB)whereas second linedrugs (SLDs') are reserved for treatment

ofdrug-resistant TB (DR-TB). Goodbacteriological diagnosis and

compliance on treatment are the twomain pillars of successful

treatment of TB. The World Health Organization (WHO) has

defined adverse drug reactions (ADRs') as ‘‘A response to a drug

which is noxious and unintended, and which occurs at doses

normally used in human for the prophylaxis, diagnosis, or

therapy of disease, or for the modification of physiological

function.’’2 Patients may experience a variety of ADRs' when

managed with these anti-tubercular drugs. Treatment with

these drugs can also be associatedwith adverse eventswhich is

defined as any untoward medical occurrence but not neces-

sarily have a causal relationship. ADRs' to these agents are

common and cause significant morbidity and even sometimes

mortality if not detected early.3e5 Most of ADRs' are minor and

can be managed without discontinuation of treatment. Some

can be serious or major causing life-threatening experience

leading to either shorter or prolonged hospitalization, signifi-

cant disability, congenital anomaly or even mortality if unrec-

ognized and untreated promptly. Timing, the pattern of illness,

the results of investigations, and re-challengewill helpattribute

causality to a suspected ADR.6 Various factors such as the dose

and time of day at which the medication is administered, pa-

tient age, nutritional status, the presence of pre-existing dis-

eases or dysfunctions like impaired liver function, impaired

kidney function, human immunodeficiency virus (HIV) co-

infection, and alcoholism may be related to ADRs' to anti-

tubercular drugs.7 This calls for continued surveillance of

ADRs' particularly in patients having DR-TB where early recog-

nition and appropriate management of ADRs'might determine

favourable outcome. This review aims to highlight the esti-

mated burden and management strategies of various ADRs'
associated with anti-tubercular drugs among patients under-

going treatment of TB.

2. Prevalence of adverse drug reactions
treated with first line anti-tubercular drugs:
global scenario

ThedataonglobalprevalenceofADRs'withFLDs'arescarce.The
prevalence of ADRs' observed in various studies conducted

worldwide ranged from 8% to 85%.3,8e15 The reasons for the

difference in the prevalence ofADRs' across these studiesmight

be related to several possible factors such as: differences in

definitions of ADRs' terminologies as adopted by physicians,

whether the ADRs' were reported by patient (subjective) or

detected by clinician (objective) on the basis of clinical evidence

along with feasibility of monitoring with serial laboratory in-

vestigations, whether all or only themajor ADRs'were studied,

associated co-morbidities such asdiabetes andHIV co-infection

and variations in the use of specific anti-tubercular drugs

including dosage and also pharmacological interactions with

other group of drugs comprising anti-retroviral therapy (ART),

oral hypoglycemic agents and also ancillary medications used

for management of ADRs'. A study conducted in Nigeria

observed that around 14% and 13% incidence of ADRs' at 6

months and 8 months, among patients receiving directly

observed treatment and short-course (DOTS) respectively.11 In

another study conducted by the Hong-Kong Chest Services,

ADRs' were observed in 21% of patients receiving intermittent

therapy.12 Brazilian National Ministry of Health reported the

incidence of minor or mild ADRs' in patients treated with the

formerFLDs' to range from5%to20%.13 Itwasalsoobserved that

major or severe ADRs'were less common (occurring in approx-

imately 2% of the cases, reaching 8% in specialized clinics) and

led to the discontinuation or alteration of the treatment. How-

ever, another study from a teaching hospital in Brazil reported

that 41.1% of the patients presented with minor and 12.8% pre-

sentedwithmajorADRs'.14 Inastudy fromSingapore, frequency

ofADRs'wasobserved to be28.7%whereas itwasobserved to be

29.27% from another study conducted at Hong Kong.15,16 How-

ever, studies have revealed that there are nodifferential rates of

ADRs' among patients having intermittent and daily intake of

anti-tubercular drugs.17 It was also observed that ADRs’ were

more prevalent in intensive phase than continuation phase.

3. Prevalence of adverse drug reactions
treated with second line anti-tubercular drugs:
global scenario

Themanagement ofMDR-TB patients has been considered to be

complicated and challenging because of prolonged duration of

24e27monthsof treatmentandhigh toxicityprofileof SLDs'. The
prevalence of ADRs' observed in various studies conducted

worldwide ranged from 69% to 96%.18e25 Reasons for the differ-

ence in the prevalence of ADRs' across these studies is almost

similar to that of FLDs'. However, diversity can also be due to the

fact that regimens for DR-TB contains various combination of

SLDs' including newer drugs such as Bedaquiline (Bdq) and

Delamanid (Dlm). The observed frequency of specific gastroin-

testinal ADRs' has been reported in 0.5e100% patients.18e25 The

high prevalence of gastrointestinal ADRs' in few of the studies

was probably due to frequent reporting by patients as compared

to other ADRs' leading to subjective variation. Ototoxicity has

been reported in 12e70% patients receiving SLDs'. Tinnitus has

been reported in 5e45% patients, while that of deafness is re-

ported in 6.7e33% patients. Ototoxicity is predominantly asso-

ciated with the use of injectable aminoglycoside such as

Kanamycin (Km) although there is possibility of additive effects

of interaction with other concomitant and potentially ototoxic

drugs that were used in the regimen such as ofloxacin (Ofx) and

cycloserine (Cs). This warrants further investigation to uncover

the possibility of these interactive effects. Several studies have

highlightedregardinghighpotentialof theseSLDs' tocauseADRs'
that has led to interruption of treatment in 19e60% of MDR-TB

patients.18e25 This high prevalence may be due to early identifi-

cation and aggressive management strategies adopted by pro-

grammatic management of drug-resistant tuberculosis (PMDT).

Baghaei et al reported deafness and headache/psychosis
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occurring due to injectable Km and Cs respectively as major

ADRs' that required frequent discontinuation and/or substitu-

tion.24 MDR-TB patients should be managed aggressively for

ADRs’ during therapy, especially for ototoxicity and psychiatric

disorders.

4. Prevalence of adverse drug reactions
treated with first-line anti-tubercular drugs: India

The overall prevalence of ADRs'with FLDs' is estimated to vary

from 2.3% to 17% in various Indian studies.8,26e28 A study

conducted by Mehrotra et al observed that the prevalence of

ADRs' in the initial intensive phase was 17.39%.26 Another

study conducted at a tertiary institute in Calcutta observed

that the overall toxicity was found in 35% cases in the daily

regimen group, whereas it was found to be 27.9% in the

intermittent regimen group.29 Data regarding prevalence of

ADRs’ are still scarce and further surveys are required from

different geographical areas of India in near future.

5. Prevalence of adverse drug reactions
treated with second line anti-tubercular drugs:
India

Very few have specifically reported frequency of ADRs' in

India.18,30e37 A study conducted in Tamil Nadu by Joseph P et al

reported ADRs' associated with standardized treatment in

86.8% patients.31 Severe ADRs' requiring either a reduction of

dosage or termination of the offending drug(s) such as ethion-

amide (Eto), Ofx, Km and Cs were observed in 58% patients.

Another study conducted in Mumbai among 67 HIV and MDR-

TB co-infected patients treated with anti-TB treatment as well

as ART and reported that ADRs' were more frequent in this

cohort with 71%, 63% and 40% of patients experiencing one or

moremild,moderate or severeADRs' respectively.33 ADRs' such
as gastrointestinal disturbances (45%), peripheral neuropathy

(38%), hypothyroidism (32%), psychiatric symptoms (29%) and

hypokalemia (23%) were reported more frequently among this

cohort. 11 patients required hospitalization and permanent

discontinuation of one or more offending drugs were observed

in 40% patients. No ADRs' led to indefinite suspension of an

entire MDR-TB or ART regimen. One study conducted at Delhi

reported that 40%patients experiencedminorADRs', defined as

those requiring either no discontinuation of a drug or discon-

tinuation for <1 week and manageable at peripheral level.30 22

(18%) patients had major ADRs' requiring treatment modifica-

tion. Para-amino salicylic acid (PAS) was used in 46 patients: 6

(5%) developed simple goiter, which responded to thyroxin

replacement therapy with continuation of PAS. In 15 (12%) pa-

tients, Cs had to be stopped due to major psychotic reactions

varying frommajor depression, psychosis to violent behaviour.

Kmwasstopped in5 (4%)patientsdue tohearing loss/giddiness.

Ofx and Z were stopped in one patient due to severe arthralgia

and Zwas stopped in another patient due to hepatotoxicity. All

of these major ADRs' required referral to specialist hospitals.

None of the patients required discontinuation of the entire

treatment regimen, although two patients defaulted due to

ADRs'. No deaths due to drug toxicity were recorded in the

cohort. A study conducted at Lucknow by Prasad et al among

MDR-TBpatients treatedwith SLDs' and reported that overall 16

(41%) patients experienced ADRs'.36 7 patients complained of

PASassociatednauseaandvomiting that led todiscontinuation

among 3 after six to eight months of treatment whereas

remaining 4 patients did not require any change ofmedication.

4 patients developed photosensitivity likely due to sparfloxacin

(Sfx) with replacement in one of the patients by Ofx after three

months of treatment. Tinnitus and vertigo developed in four

patients after one to fivemonths of treatment due to Km and it

had to be stopped in two of them. 3 patients developed

depression and abnormal behavior possibly due to Cs, which

was replaced by a fluoroquinolone (FQ) in two patients. How-

ever, it was continued with anti-psychosis treatment in the

remaining patient. A total of 21.1% patients suffered from sig-

nificant ADRs', which required stoppage/change of drugs. No

other ADRs', such as arthralgia or cardiotoxicity were observed

in any patient. In another study, among 98 MDR-TB patients, it

was observed that 46.9% patients experienced at least one

ADRs'.37ADRs'observedmost frequentlywerenausea/vomiting

24 (24.5%) patients, hearing disturbances 12 (12.3%) patients,

dizziness/vertigo 10 (10.2%) patients and arthralgia 9 (9.2%) pa-

tients. 17 (17.4%) patients had major ADRs' requiring change or

stoppage of drugs that included ototoxicity (6.1%), headache

and psychosis (4.1%), gastrointestinal intolerance and hypo-

thyroidism (3.1%) as well as arthralgia and hepatitis (4.1%).37

Agents responsible for these ADRs' were Km (ototoxicity), Cs

(headache/psychosis), Eto (gastrointestinal tolerance/hypothy-

roidism) and Z (arthralgia/hepatitis). There was no mortality

due to occurrence of ADRs'. Further studies are required for

prevalence of ADRs’ in near future.

6. Gastrointestinal adverse drug reactions

Gastrointestinal symptoms are one of the most common

ADRs' seen with intake of anti-tubercular drugs. Its severity

can range from mild symptoms like nausea, vomiting to life-

threatening complications. All the FLDs' can cause mild

gastrointestinal upsets that can be managed symptomatically

without change in dosage of drugs. In a study of 893 patients

by Shinde et al, it was found that gastrointestinal upset with

nausea, vomiting, and abdominal pain were the most com-

mon ADRs' seen in 12.5% of patients.38 In another prospective

study from China, it was found that gastrointestinal ADRs’

were seen in 3.74% of 4304 patients and only 7 patients

required hospital admissions.39

7. Hepatotoxicity

The clinical presentation of anti-tubercular drug associated

hepatitis is similar to that of acute viral hepatitis. Anti-

tubercular drug induced hepatotoxicity can manifest as tran-

sitory asymptomatic rise in transaminases or acute liver fail-

ure. The frequency of hepatotoxicity ranges from 2% to 39% in

different countries.40 An increased incidence of hepatotoxicity

has been observed in Indian sub-population when compared

to Western population.41,42 Drug induced hepatotoxicity in

Indian populationwas observed to be 11.5%. However, ameta-
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analysis in West found the risk to be 4e28%.43,44 The occur-

rence of drug induced hepatotoxicity is unpredictable though

certain patients are at a relatively higher risk than other pop-

ulations. The incidence has been reported to be higher in

developing countries and factors such as advanced age, acute

or chronic liver disease, alcoholism, HIV, indiscriminate use of

drugs, malnutrition, hypoproteinemia, hypoalbuminemia,

anemia, prior history of jaundice and more advanced TB have

been implicated.45e47 Isolated H administration resulted in a

threefold increase in alanine aminotransferase levels over the

normal in 10e20% of these patients.43,48 Ameta-analysis of six

studies investigating the use of H in isolation reported the

incidence of hepatitis to be 0.6%.49 Transitory and asymp-

tomatic increases in the serum levels of bilirubin and hepatic

enzymes occurred in 5% of patients with R. When H was used

in combinationwith R, the incidence of hepatitiswas observed

to be 2.7%. Cholestatic hepatitis occurred in 2.7% of the pa-

tients receiving R in combination with H and was 1.1%when R

was received in combination with anti-tubercular drugs other

than H.43 Z is the most hepatotoxic drug with toxicity being

either dose dependent or idiosyncratic.47,49,50 In the study

conducted in nearly 1200 patients with acute liver failure in

India, anti-tubercular drug was the cause in 5.6% of cases and

76% of patients with drug associated acute liver failure died

within5daysofhospitalization.51Hepatotoxicityhasalsobeen

reported with SLDs' but with lesser frequency as compared to

FLDs'. The incidence of hepatotoxicity is 2e3% with FQs’ with

fulminant involvement <1% whereas it is 1e2% with Eto/pro-

thionamide (Pto) and 0.3% with PAS.51e54 Hepatitis has been

rarely reported with Linezolid (Lzd), clofazimine (Cfz) and

newer drugs such as Bdq and Dlm.55

8. Peripheral neuropathy

Peripheral neuropathy occurs in approximately 20% of pa-

tients treated with H.56 This was similar to findings of a study

in Pakistan where peripheral neuropathy characterized by

tingling and burning sensation in the hands and feet was the

most common ADR observed with H. The other anti-TB drug

known to cause peripheral neuropathy is E, but very rare in

comparison to H. In a study conducted by Koju et al, periph-

eral neuropathy was experienced by only 18.57% of the pa-

tients.57 In the existing literatures also, occurrence of

peripheral neuropathy is considered rare with the recom-

mended doses of H used in DOTS strategy. In a study of 893

patients by Shinde et al, on patients started on FLDs’, it was

observed that 5.04% of patients had peripheral neuropathy

and 0.22% had acute psychosis.38 Peripheral neuropathy has

also been associated with Lzd, Eto, Cs and rarely FQs.58,59

9. Psychiatric disorders

H-related psychiatric disorders can manifest as psychosis,

obsessive-compulsive neurosis, seizure, mania, loss of mem-

ory and death.60 The first description of psychotic symptoms

due to Hwas byMandel et al, who reported three such cases in

1956.61 The mechanism of production of H-related psychiatric

disorders is not clearly known, but H is known to interfere

with several metabolic processes essential for the normal

functioning of the neuron. H causes deficiency of vitamin B6

by causing excessive excretion of the vitamin, which in turn

leads to a disturbance of normal tryptophan metabolism.

There is great variability in the clinical features of H-induced

psychosis in the various reported cases. Jackson, in 1957, re-

ported five cases of H-induced psychosis that presented with

excessive argumentation, mental depression, euphoria,

grandiose ideas, and complex delusions; none of these pa-

tients had any previous history ofmental illness.62 A review of

all cases of drug-induced seizures reported to the California

Poison Control System revealed that of 386 cases, 23 (5.9%)

were due to H.63 In Turkey, out of 1149 patients with estab-

lished TB who initially received therapy, neuropsychiatric

manifestations were observed in 0.7% of patients.4 Cs has

been associated with diverse neuropsychiatric ADRs' most

common being psychosis reported in >10% patients. Other

ADRs' such as anxiety, headaches and seizures were reported

in 1e10% patients and insomnia, suicidal ideation in <1%
patients. Eto has reported to cause giddiness and headache in

1e10% patients and rarely mental disturbances in <1% pa-

tients. FQs’ has reported to cause dizziness, headaches,

insomnia in 1e10% whereas it can cause or lower threshold

for seizures in <1% patients.64

10. Optic/retrobulbar neuritis

E is one of the important FLDs' in the treatment of TB. Carr and

Henkind et al first described the ocular ADRs' of E therapy in

1962.65 Retro-bulbar neuritis is the most important potential

ADR from E. It is reversible in most cases and is related to the

dose and duration of treatment, but may occasionally become

irreversible resulting in permanent visual disability, especially

in the older population.66 The reported incidence of retro-

bulbar neuritis when E is taken for more than 2 months is

18% in subjects receiving greater than 35 mg/kg/day, 5e6%

with 25 mg/kg/day, and less than 1% with 15 mg/kg/day.67,68

Optic neuritis is observed rarely with H and SLDs’ such as

Lzd and capreomycin (Cm).69,70 Lzd induced optic neuritis is

usually irreversible.

11. Ototoxicity

Streptomycin (S) predominantly affects the vestibular system

whereas Km and Cm affects predominantly cochlear appa-

ratus. Audiometry data suggest that the incidence of S asso-

ciated ototoxicity may be as high as 25%.71 Prazic and Salaj

et al found audiologically defined lesions in 36% of a group of

975 children treated with S sulfate for pulmonary TB.72 Hear-

ing loss has also been reported in infants of tuberculous

mothers treated with S during pregnancy.73 Familial occur-

rence of drug induced toxicity has also been reported.74 In a

large Indian studywith short course chemotherapy regimes in

the treatment of patients with pulmonary TB, 16.1% of the

patients given S developed vertigo which was severe in 5%

cases.75 In 10% of these patients, the drug had to be stopped.

Reduction of dosage was needed in about 20%. In another

series of 1744 patients treated with various drugs, 10.3%
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developed intolerance to S. Involvement of the VIII cranial

nerve was the most common (46.8%) untoward reaction.76

Neff et al reported intolerance to S in 12.9% of their cases. In

this series, also, vestibular and auditory dysfunction was the

most common.77 A study from Ethiopia reported ototoxicity in

4.8% patients which was clinically managed by modification

of treatment regimens including dose and frequency of drug

administration.78 Ototoxicity was observed in 10.12% patients

within 3.8± 2.6months of treatment initiationwith orwithout

audiometry assessment.79 High prevalence of ototoxicity

(27.01%) was reported in Indian patients with DR-TB treated

with injectable drugs when ototoxicity was monitored regu-

larly using pure tone audiometry.

12. Immunological and hematological
adverse drug reactions

R has been associated with immune mediated thrombocyto-

penic purpura and haemolytic anaemia especially with inter-

mittent dosing. In a Brazilian study, R induced

thrombocytopenia, leukopenia, eosinophilia, hemolytic ane-

mia, agranulocytosis, vasculitis, acute interstitial nephritis, and

septic shock occurred in 0.1% of the patients.43,80 However, few

Asian studies reported allergic reactions with FLDs' to be be-

tween 2.02%and 2.35% andhematological ADRs' to be 0.1e0.7%.

Author in his work on hematological abnormalities during

therapy found that thrombocytopenia, characterized by a rapid

lowering of the platelet count in sensitive individuals was

observed. Generally, the most common offending agent for the

causation of thrombocytopenia secondary to anti-tubercular

drugs is R.80,81 Isolated case reports showing thrombocyto-

penia following administration of Z, H, E are found in literature

and are attributed to an immunological phenomenon.80e83 S is

very rarely implicated as a cause of thrombocytopenia. Lzd has

reported to associatedwith hematological ADRs'most common

being thrombocytopenia with reported incidence as high as

11.8%.84 Other ADRs' like pancytopenia and myelosuppression

are less common as compared to thrombocytopenia. These

hematological ADRs’ are dose dependent and usually reversible

with clinical management.

13. Arthralgia

Z and E are two anti-tuberculous drugs that have been re-

ported to induce hyperuricemia in non-gouty patients leading

to arthralgia.85 The metabolite pyrazinoic acid is likely

responsible for the hyperuricemic effect. The mechanism is

related to pyrazinoic acid, the principal metabolite of Z

oxidized by xanthine oxidase, which inhibits the renal tubular

secretion of uric acid.86 Hyperuricemia has been reported in

43e100% of patients treated with Z (alone or in combina-

tion).87 Gouty attacks have also been associated with patients

taking Z. E can also cause hyperuricemia by decreasing renal

uric acid clearance, but it does so less consistently and to a

lesser degree than Z. In a study by Dhingra et al on patients

receiving DOTS therapy general aches and pains were com-

plained by about 35%.88 However, in a study by Shinde et al,

arthralgia was seen in 0.67%38 whichwas lower in comparison

to reported incidence of 2.57% in Chinese patients receiving

therapy.39 Arthralgia has been reported with FQs’ particularly

Lfx and Bdq containing regimens for DR-TB.89e91

14. Renal toxicity/nephrotoxicity

Aminoglycosides produce renal toxic effects due to their

accumulation in the renal tubules. Such effects are more

common in elderly individuals and in patients with a history

of kidney disease. Prolonged use of aminoglycosides, hepa-

totoxicity, dehydration, hypotension and concurrent use of

nephrotoxic drugs are other risk factors for renal toxicity. The

risk of nephrotoxicity is less and range around 2%while using

S.92,93 Injectable drugs such as Km and Am as well as Cm are

more nephrotoxic as compared to S making treatment for DR-

TB cases challenging with reported incidence of 1.2e6.7%.59,94

E, Z and Cs have reported to cause renal toxicity. Newer drugs

such as Bdq andDlm can be used safely in DR-TB patientswith

renal failure.

15. Cutaneous adverse drug reactions
(CADRS)

Z has been described to cause various skin reactions like

maculopapular rash, erythema multiforme, exfoliative

dermatitis, and drug, rash and eosinophilia with systemic

symptoms (DRESS) syndrome. Among the FLDs', Z is the

commonest cause of CADRS (2.38%), followed by S (1.45%), E

(1.44%), R (1.23%), and Z (0.98%).95 It is not uncommon for

exfoliative dermatitis to occur with more than one of the four

drugs. It is unclear whether renal failure predisposes to

increased occurrence of CADRS. So far, no definite association

exists between pre-existing renal insufficiency and increased

incidence of CADRS. The incidence of E induced rash is found

to be 0.5%.96 The author reported a rare occurrence of exfoli-

ative dermatitis secondary to E and Z in a 18-year-old fe-

male.97 Patients receiving H can develop antinuclear

antibodies during the use of the drug. Less than 1% develops

systemic lupus erythematosus, the incidence of which is the

same in both genders. H administration can also worsen pre-

existing lupus.98 Rash has also been reported with any SLDs’

including newer ones Bdq and Dlm.99

16. Cardiotoxicity (QTc prolongation)

QTc prolongation on electrocardiogram (ECG) has been re-

ported with FQs' particularly moxifloxacin (Mfx), macrolides

such as Clarithromycin (Clr), Cfz, Bdq and Dlm.100,101 Risk

factors for QTc prolongation include elderly, female sex, un-

derlying cardiac disorder including congenital and acquired,

electrolyte imbalance and concurrent use of ancillary medi-

cations. A systematic search showed that Bdq is a relatively

well-tolerated drug, as its discontinuation occurred in only

3.4% and 0.6% of patients due to ADRs’ and QTc prolongation,

respectively.100

i n d i a n j o u rn a l o f t u b e r c u l o s i s 6 6 ( 2 0 1 9 ) 5 2 0e5 3 2524

https://doi.org/10.1016/j.ijtb.2019.11.005
https://doi.org/10.1016/j.ijtb.2019.11.005


17. Other adverse drug reactions

Few case reports on H induced gynecomastia among pa-

tients treated with anti-tubercular therapy.101,102 A rare

occurrence of anaphylactic shock due to S was also

reported.103

18. Management of adverse drug reactions

Management of ADRs' associated with anti-tubercular drugs

is considered to be an essential component in order to ach-

ieve adequate adherence leading to favourable outcome. DR-

TB patients with SLDs' requires special care as these drugs

Table 1 e Symptoms based approach to the management of minor ADRs’ to first line anti-tubercular drugs not requiring
stoppage of treatment.

Symptoms Drug Management

Abdominal pain, nausea - Related to rifampicin - Reassure the patients

Burning of the Feet - Related to isoniazid

- Peripheral neuropathy

- Continue isoniazid, and give pyridoxine 50e100 mg daily

- Large dose of pyridoxine, may interfere the action of isoniazid

Drowsiness - Related to isoniazid - Reassure the patients

Gastrointestinal Upset - Any oral medications - Reassure patients

- Give drugs with less water

- Give drugs over longer period of time (e.g. 20 minutes)

- Give drugs with small amount of food

- If these measure fails, provide anti-emetic

Joint pains - Related to pyrazinamide - Continue pyrazinamide

- Use aspirin or nonsteroidal anti- inflammatory drugs

- Use intermittent directly observed treatment if possible

Red urine - Related to rifampicin - Reassure the patients

Women on rifampicin - Rifampicin may reduce the effectiveness

of oral contraceptive pills

- Alternative method of contraception should be provided

Table 2 e Symptoms based approach to major ADRs’ to first line anti-tubercular drugs requiring stoppage of treatment.

Symptoms Drug Management

Loss of hearing - Related to streptomycin - Otoscopy to rule out wax

- Pure tone audiometry to be performed

- Stop streptomycin if no other explanation

Dizziness - If true vertigo and nystagmus, related to

streptomycin

- Stop streptomycin

- If just dizziness with no nystagmus, try dose reduction for

one week

- If there is no improvement stop streptomycin

Generalized reactions including

shock and purpura

- May be due to rifampicin, pyrazinamide

and/or streptomycin, thiacetazone

- Stop all medications

- Use different combination of drugs

Jaundice/Hepatitis - May be due to drug induced hepatitis

(Pyrazinamide/Rifampicin/Isoniazid)

- Either liver enzymes more than 5 times

of upper limit of normal or more than 3

times of upper limit of normal with

symptoms of hepatitis or jaundice (bili-

rubin >3 mg/dl)

- Stop all anti-tubercular drugs until jaundice resolves and

liver enzyme revert to baseline levels or < 2 times of upper

limit of normal

- Rule out other causes/pre-disposing factors

- Re-introduce same regimen either, gradually or all at once

- If hepatitis has been life-threatening and was not of viral

origin it is safer to use regimen like streptomycin,

ethambutol and fluoroquinolones and cycloserine if

required

- Rifampicin should be re-introduced followed by isoniazid

in increasing dosages under regular LFT monitoring

- Pyrazinami- Continue isoniazid, and give pyridoxine 50

e100 mg daily

- Large dose of pyridoxine, may interfere the action of iso-

niazidde should not be necessarily re-introduced and

regimen should be continued for atleast 9 months.

Moderate to severe skin rash - Related to all first line anti-tubercular

drugs

- Stop all anti-tubercular drugs

- Re-introduce drug one by one once the rash has subsided

Visual impairment - Related to ethambutol - Visual examination/ophthalmologist opinion

- Stop ethambutol

Vomiting/confusion - Suspect drug induced hepatitis - Urgent liver function test

- If liver enzyme test unavailable, stop all drugs and observe
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are more toxic. Principles of pharmacovigilance have been

adopted by national TB control programmes all over the

world. Pharmacovigilance is defined by the WHO as the

“science and activities relating to the detection, assessment

and prevention of ADRs or any other drug-related prob-

lem”.104 The objective is to improve patient care by assessing

both risk and benefit received from the drug. Routine sur-

veillance of ADRs' according to a framed protocol is an inte-

gral part of national programmeswhich should be performed

by symptom based reporting followed by laboratory in-

vestigations at baseline and as when clinically indicated.

Occult ADRs' should be detected timely by laboratory in-

vestigations in order to prevent unrecognised serious effects.

Monitoring should be frequent and more intense particularly

in high risk groups such as elderly, HIV or hepatitis co-

infection, alcoholism, drug addiction, anemia, any pre-

existing illnesses, diabetes mellitus, hypoalbuminemia,

malnutrition, chronic kidney disease, chronic liver disease,

disseminated involvement, family history of frequent ADRs'
or atopy/allergy and use of ancillary medications, anti-

retroviral therapy or medications for treating opportunistic

infections with high probability of drug interactions. A

grading system has been devised to assess severity of all

types of ADRs' in order to maintain accuracy and consistency

in surveillance.105 This system includes five grades e Grade

1: Mild symptoms requiring only observation and no inter-

vention; Grade 2: Moderate symptoms requiring medical

intervention such as ancillary drugs; Grade 3: Severe symp-

toms with inability to carry social or functional activities

requiring medical intervention or even hospitalization;

Grade 4: Life-threatening symptoms with inability to

perform basic health care requiring medical intervention or

hospitalization in order to prevent permanent impairment,

disability or death and Grade 5: Mortality associated with

Table 3 e Common ADRs’, suspected agent(s) and management strategies of anti-tubercular drugs used in DR-TB.

Adverse drug reaction Suspected agent Suggested management strategies

Seizures CS

H

All FQs'

- Suspend suspected agent pending resolution of seizures

- Initiate anticonvulsant therapy (e.g. phenytoin, valproic acid)

- Increase pyridoxine to maximum daily dose (200 mg per day)

- Restart suspected agent or re-introduce suspected agent at lower dose, if essential

to the regimen

- Discontinue suspected agent if this can be done without compromising regimen

- Anticonvulsant is generally continued until DR-TB treatment is completed or

suspected agent discontinued

- History of pre- Continue isoniazid, and give pyridoxine 50e100 mg daily

- Large dose of pyridoxine, may interfere the action of isoniazidvious seizure dis-

order is not a contraindication to the use of agents listed here if a patient's seizures
are well controlled and/or the patient is receiving anticonvulsant

- Patients with history of previous seizuresmay be at increased risk for development

of seizures during DR-TB treatment

Peripheral

neuropathy

Lzd

Cs

H

S

Km

Am

Cm

Eto/Pto

FQs'

- Increase pyridoxine to maximum da- Continue isoniazid, and give pyridoxine 50

e100 mg daily

- Large dose of- Continue isoniazid, and give pyridoxine 50e100 mg daily

- Large dose of pyridoxine, may interfere the action of isoniazid pyridoxine, may

interfere the action of isoniazidily dose (200 mg per day)

- Change injectable to capreomycin if patient has documented susceptibility to

capreomycin

- Initiate therapy with tricyclic antidepressants such as amitriptyline 25e50 mg

- Nonsteroidal anti-inflammatory drugs or acetaminophen may help alleviate

symptoms

- Lower dose of suspected agent, if this can be done without compromising regimen

- Discontinue s- Continue isoniazid, and give pyridoxine 50e100 mg daily

- Large dose of pyridoxine, may interfere the action of isoniaziduspected agent if this

can be done without compromising reg- Continue isoniazid, and give pyridoxine 50

e100 mg daily

- Large dose of py- Continue isoniazid, and give pyridoxine 50e100 mg daily

- Large dose of pyridoxine, may interfere the action of isoniazidridoxine- Continue

isoniazid, and give pyridoxine 50e100 mg daily

- Large dose of pyridoxine, may interfere the action of isoniazid, may interfere the

action of isoniazidimen

- Patients with comorbid disease (e.g. diabetes, HIV, alcohol neuropathy (depen-

dence) may be more likely to develop peripheral neuropathy, but these conditions

are not contraindications to the use of the agents

- Neuropathy may be irreversible; however, some patients may experience

improvement when offending agents are suspended
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Table 3 e (continued )

Adverse drug reaction Suspected agent Suggested management strategies

Psychotic symptoms Cs

H

FQs'
Eto/Pto

- Stop suspected agent for a short period of time (1e4 weeks) while psychotic

symptoms are brought under control

- Initiate antipsychotic therapy

- Lower dose of suspected agent if this ca- Continue isoniazid, and give pyridoxine 50

e100 mg daily

- Large dose of pyridoxine, may interfere the action of isoniazidn be done without

compromising regimen

- Discontinue suspected agent if this can be done without compromising regimen

- Some patients will need to continue antipsychotic treatment throughout MDR-TB

therapy

- Previous history of psychiatric dis- Continue isoniazid, and give pyridoxine 50e100

mg daily

- Large dose of pyridoxine, may interfere the action of isoniazidease is not a

contraindication to the use of agents listed here but may increase the likelihood of

psychotic symptoms developing during treatment

- Psychotic symptoms are generally reversible upon completion of MDR-TB

treatment or cessation of the offending agent

Depression Cs

FQ

Eto/Pto

H

- Offer grou- Continue isoniazid, and give pyridoxine 50e100 mg daily

- Large dose of pyridoxine, may interfere the action of isoniazidp or individual

counseling

- Initiate anti- Continue isoniazid, and give pyridoxine 50e100 mg daily

- Large dose of pyridoxine, may interfere the action of isoniaziddepressant therapy

- Lower dos- Continue isoniazid, and give pyridoxine 50e100 mg daily

- Large dose of pyridoxine, may interfere the action of isoniazide of suspected agent

if this can be done without compromising regimen

- Discontinue s- Continue isoniazid, and give pyridoxine 50e100 mg daily

- Large dose of pyridoxine, may interfere the action of isoniaziduspected agent if this

can be done without compromising regimen

- Socioeconomic conditions and chronic illness should not be underestimated as

contributing factors to depression

- Depressive symptoms may fluctuate during therapy and may improve as illness is

successfully treated

- History of previous depression is not a contraindication to the use of the agents

listed but may increase the likelihood of depression developing during treatment

Hearing loss/Ototoxicity S

Km

Am

Cm

Clr

- Document hearing loss and compare with baseline audiometry if available

- Change parenteral treatment to capreomycin if patient has documented suscep-

tibility to capreomycin

- Decrease frequency and/or lower dose of suspected agent if this can be done

without compromising the regimen (consider administration three times perweek)

- Discontinue suspected agent if this can be done without compromising the

regimen

- Patients with previous exposure to aminoglycosides may have baseline hearing

loss. In such patients, audiometry may be helpful at the start of MDR-TB therapy

- Hearing loss is generally not reversible

- The risk of further hearing loss must be weighed against the risks of stopping the

injectable in the treatment regimen

- While the benefit of hearing aids is minimal to moderate in auditory toxicity,

consider a trial use to determine if a patient with hearing loss can benefit from their

use

Hypothyroidism PAS

Eto/Pto

- Initiate thyroxine therapy and titration according to serial thyroid function

tests

- Completely reversible upon discontinuation of PAS or ethionamide/

prothionamide

- The combination of ethionamide/prothionamide with PAS is more frequently

associated with hypothyroidism than the individual use of each drug

- Monitoring of TSH or complete thyroid profile if possible every three months when

both PAS and Eto/Pto included in regimen or every six months when any one of

them used in regimen

(continued on next page)
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Table 3 e (continued )

Adverse drug reaction Suspected agent Suggested management strategies

Nausea and vomiting Eto/Pto

PAS

H

E

Z

Bdq

Dlm

- Assess for dehydration; initiate rehydration if indicated

- Initiate antiemetic therapy

- Lower dose of suspected agent if this can be done without compromising regimen

- Discontinue suspected agent if this can be done without compromising regimen

rarely necessary

- Nausea and vomiting universal in early weeks of therapy and usually abate with

time on treatment and adjunctive therapy

- Electrolytes should be monitored if vomiting is severe

- Reversible upon discontinuation of suspected agent

- Severe abdominal distress and acute abdomen have been reported with the use of

clofazimine

- Although these reports are rare, if this effect occurs, clofazimine should be

suspended

Gastritis PAS

Eto/Pto

Bdq

Dlm

- H2-blockers, proton-pump inhibitors, or antacids

- Stop suspected agent(s) for short periods of time (e.g. 1e7 days)

- Lower dose of suspected agent, if this can be done without compromising regimen

- Discontinue suspected agent if this can be done without compromising regimen

- Severe gastritis, as manifested by hematemesis, melena or hematochezia, is rare

- Dosing of antacids should be carefully timed so as to not interfere with the ab-

sorption of anti-tubercular drugs (take 2 hours before or 3 hours after medications)

- Reversible upon discontinuation of suspected agent(s)

Hepatitis Z

H

R

Eto/Pto

PAS

FQs'

- Stop all therapy pending resolution of hepatitis

- Eliminate other potential causes of hepatitis

- Consider susp- Continue isoniazid, and give pyridoxine 50e100 mg daily

- Large dose of pyridoxine, may interfere the - Continue isoniazid, and give pyri-

doxine 50e100 mg daily

- Large dose of pyridoxine, may interfere the action of isoniazidaction of iso-

niazidending most likely agent permanently

- Re-introduce remaining drugs, one at a time while monitoring liver function

- History of previous hepatitis should be carefully analyzed to determine most likely

causative agent(s); these should be avoided in future regimens

- Generally reversible upon discontinuation - Continue isoniazid, and give pyridox-

ine 50e100 mg daily

- Large dose of pyridoxine, may interfere the action of isoniazidof suspected agent

Diarrhea PAS

Eto/Pto

- Re-assurance and observation in mild cases

- Maintain hydra- Continue isoniazid, and give pyridoxine 50e100 mg daily

- Large dose of pyridoxine, may interfere the action of isoniazidtion in severe cases

- Monitor electrolytes in severe cases

- Rule out any infectious etiology or dysentery

- Use of loperamide in case of non-infectious etiology

Renal toxicity/Nephrotoxicity S

Km

Am

Cm

- Discontinue suspected agent

- Consider using capreomycin if an - Continue isoniazid, and give pyridoxine 50e100

mg daily

- Large dose of pyridoxine, may interfere the action of isoniazidaminoglycoside had

been the prior injectable in regimen

- Consider dosing 2e3 times a week if drug is essential to the regimen and patient

can tolerate (close monitoring of creatinine)

- Adjust all anti-tubercular medications according to the creatinine clearance

- History of diabetes or renal disease is not a contraindication to the use of the agents

listed here, although patients with these comorbidities may be at increased risk for

developing renal failure

- Renal impairment may be permanent

- Creatinine monitoring every month for first three months and then every three

months when SLID continued during intensive phase

- Creatininemonitoring every 1e3weeks in case of HIV, DM and other high risk cases
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Table 3 e (continued )

Adverse drug reaction Suspected agent Suggested management strategies

Electrolyte disturbances

(hypokalemia and

hypomagnesemia)

Cm

Km

Am

S

- Check potassium

- If potassium is low, also check magnesium (and calcium if hypocalcemia is

suspected)

- Replace electrolytes as needed

- If severe hypokalemia is present, consider hospitalization

- Amiloride 5e10 mg QD or spironolactone 25 mg QD may decrease potassium and

magnesium wasting and is useful in refractory cases

- Oral potassium replacements ca- Continue isoniazid, and give pyridoxine 50e100

mg daily

- Large dose of pyridoxine, may interfere the action of isoniazidn cause significant

nausea and vomiting.

- Oral magnesium may cause diarrhea

- Electrolyte monitoring every 1e3 weeks in case of HIV, DM and other high risk

cases

- Monitoring of calcium and magnesium levels in case of QTc prolongation on ECG

Optic neuritis E

Eto/Pto

- Stop E

- Refer patient to an ophthalmologist

- Usually reverses with cessation of E

Arthralgia Z

FQs'
Bdq

- Initiate therapy with nonsteroidal anti-inflammatory drugs

- Lower dose of suspected agent if this can be done without compromising regimen

- Discontinue suspected agent if this can be done without compromising regimen

- Symptoms of arthralgia generally diminish over time, even without intervention

- Uric acid levels may be elevated in patients on Z

- Allopurinol appears not to correct the uric acid levels in such cases

Tendonitis FQs - NSAIDS to be used

- Provide rest to joints

- Dose of FQ to be either reduced or stopped

- Bdq to be considered

- Care should be taken in Diabetics

Myelosuppression

Thrombocytopenia

Lzd - Discontinuation of offending drug in severe cases and substitution with other

drugs

- Exclude other causes

- Blood or platelet transfusion in few cases depending on involvement of cell lineage

- Dose can be reduced to either 300 mg daily or 600 mg thrice weekly if there is re-

covery with serial complete blood count monitoring every week for first month and

then every month

Dysglycemia Gfx

Mfx

- Monitor blood sugars and strict control

- Treat hyperglycemia or hypoglycemia

- Gfx can be replaced with other FQs

- Insulin based regimens should be preferred over oral hypoglycemics

Rash

Itching

Allergic reaction

All FLDs and SLDs - Re-assurance and conservative treatment for mild dermatological reactions

- Exclusion of other diagnoses

- Anti-histaminics and corticosteroid ointments to be used

- Oral steroids in refractory cases

- Order of reintroduction will be H, R, Z, Eto, Cs, E, PAS, FQ and Km

- Discontinue offending drug responsible for severe reactions such as Steven-

Johnson syndrome

QTc interval prolongation Bdq

Dlm

FQs' especially Mfx

Cfz

Clr

- Serial monitoring with ECG

- Exclude congenital or acquired cardiac disorders

- Monitor electrolytes routinely and to be more cautious when used with Cm, Am or

other ancillary medications such as diuretics/macrolideantibiotics

- If QTc interval <500, offending drugs should be continued under serial ECG

monitoring

- If QTc interval �500 offending drugs should be stopped temporarily

- Mfx should be replaced with Lfx

- Subsequently, Cfz then Bdq and Dlm if there is persistent prolongation

- Avoid Bdq and Dlm combination containing regimens if there is cardiotoxicity

Abbreviations used: - H: isoniazid; R: rifampicin; E: ethambutol; Z: pyrazinamide; S: streptomycin; Km: kanamycin; Am: amikacin; Cm: cap-

reomycin; FQ: fluoroquinolones; Eto: ethionamide; Pto: prothionamide; PAS: para-aminosalicylic acid; Cs: cycloserine; Cfz: clofazimine; Lzd:

linezolid; Clr: clarithromycin; Bdq: bedaquiline; Dlm: delamanid; DR-TB: Drug resistant tuberculosis).

Note: Drugs that the strongly associated with adverse effects shown in bold.
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ADR(s). Concept of active TB drug-safety monitoring and

management (aDSM) has been introduced byWHO to provide

active surveillance for detection of major or severe ADRs'
associated with novel DR-TB regimens and newer drugs by

systematic clinical and laboratory assessment.106 Drugs have

to be re-introduced in DR-TB regimens in sequence according

to WHO revised grouping in case there is documented

resistance or intolerance. Symptoms based approach to

management of minor and major ADRs' to FLDs’ are tabu-

lated in Tables 1 and 2.

ADRs’ of second line anti-tubercular drugs including

management strategy of common ones are tabulated in

Table 3.

19. Conclusion

The treatment of TB can cause a variety of ADRs'. ADRs' of
varying severity are common during treatment of DS-TB and

DR-TB, particularly in the intensive phase of therapy. Some

ADRs' become more prevalent in DR-TB patients co-infected

with HIV. Most ADRs' can be successfully managed on an

outpatient basis through a community-based treatment pro-

gram, even in a resource-limited setting. Concerns about se-

vere ADRs' in the management of DR-TB patients are justified,

however, they should not cause delays in the urgently needed

rapid scale-up of SLDs'. ADRs' can be detected by clinical evi-

dence in resource-limited settings. DR TB can be cured suc-

cessfully with appropriate combination of drugs if ADRs’

associated with them can be managed aggressively and

timely. Newer and less toxic drugs are needed to treat DR-TB

patients over large scale. Accurate diagnoses and knowledge

of the pharmacological properties of the drugs involved will

allow professionals to tailor their approach to each individual

case in near future.
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a b s t r a c t

Diabetes mellitus is a common disorder associated with systemic inflammation and

oxidative stress affecting various organ systems leading to microvascular (retinopathy,

nephropathy and neuropathy) and macrovascular (myocardial infarction, stroke, periph-

eral vascular disease) complications. Although the impact of diabetes on lung functions

has been previously reported, especially in asthma and COPD, the lung has not been

described as a common target organ in diabetes and this has important medical, social and

financial consequences in our already overburdened healthcare system. The underlying

mechanism and pathophysiology of such an association have rarely been described in the

literature. This review aims to discuss the effects of diabetes on lungs, probable mecha-

nisms by which hyperglycemia may affect lung functions and mechanisms by which

respiratory diseases can lead to onset, or worsening of pre-existing hyperglycemia with

inherited challenges in the management.

© 2019 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

1. Introduction

Diabetes represents the global epidemic of chronic non-

communicable diseases. The International Diabetes Federa-

tion (IDF) estimates an increase of 55% in prevalence of dia-

betes by the year 2045.1 Diabetes is not only one of the leading

causes of mortality, it also contributes adversely to quality of

life. It also increases the cost of the care. On the other hand,

respiratory diseases are among the most common diseases

that are increasing in prevalence worldwide.2 Chronic

Obstructive Pulmonary Disease (COPD), bronchial asthma,

pulmonary infections including tuberculosis are some of the

pulmonary disorders that are more prevalent than before.2

Lung cancer is the leading respiratory cause of death world-

wide.3 Obstructive Sleep Apnea (OSA) is also being increas-

ingly recognized as a major sleep related breathing disorder.

OSA is often underdiagnosed and undertreated but has

important metabolic consequences with major adverse ef-

fects. Many of these lung diseases have a bidirectional rela-

tionship with diabetes mellitus. The current review examines

this adverse association between diabetes and respiratory

diseases, their clinical implications and challenges in the

management.
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2. Diabetes and lung functions

Diabetes is a systemic disorder and causes several microvas-

cular complications (retinopathy, nephropathy and neuropa-

thy) as well as macrovascular complications (myocardial

infarction, stroke, peripheral vascular disease).4 There is data

to suggest that lungs are also the site of target organ damage

because of persistent hyperglycemia.5 Hyperglycemia can

directly cause damage to the lung tissue by means of glyco-

sylation (through advanced glycosylation end products),

inflammation (through proinflammatory cytokines), fibrosis,

loss of elastic recoil and impaired muscle strength as a result

of neuropathy.6 Lungs have an elastic structure and hyper-

glycemia influences elastic proteins of the lung. Damage to

the elastic proteins of the lungs can therefore lead to the

development of chronic airflow limitation and increasing the

susceptibility to COPD. The lung is a site of maximal exposure

to oxygen and oxidative stress. Diabetes represents a chronic

inflammatory state with an increase in reactive oxygen spe-

cies and impairment of antioxidant defense mechanisms.

Diabetes also causes changes in the pulmonary vasculature

and pulmonarymicrovascular angiopathymay be responsible

for decrease in lung diffusion capacity for carbon monoxide

and pulmonary capillary blood volume.7 Studies have shown

that there is thickening in alveolar capillaries and pulmonary

arteriolar walls in patients with diabetes. Diabetes mellitus

also adds to the comorbidity of Interstitial Lung Diseases (ILD)

with increased breathlessness andworsening of parenchymal

fibrosis. Earlier studies7,8 examining the lung functions in di-

abetics showed that patients with newly diagnosed diabetes

had a significant baseline reduction in their lung functions in

comparison to healthy controls. The Framingham heart

study,too, has shown that diabetes leads to impairment of

lung functions.8 The Fremantle diabetes study 9showed that

rate of decline of lung function as measured by spirometry

was faster at the rate of 71ml/year in comparison to non-

diabeticnon-smoker subjects without a prior history of lung

disease (25e30ml/year).

3. Diabetes and COPD/Asthma

Diabetes and COPD have a bidirectional association and

recent data suggest10 that diabetes can worsen the progres-

sion and prognosis of COPD because of persistent hypergly-

cemia, inflammation, increased susceptibility to infections.

Similarly, COPD too can also be a risk factor for difficulty in

management of new onset diabetes as a result of persistent

chronic inflammation, infections and use of high dose corti-

costeroids for the management of COPD.11 COPD as an

important risk factor for new onset diabetes is also reported

by the Nurses’ health study, which found that COPD patients

had higher risk of developing diabetes than those without

COPD12 COPD is predicted to become the third leading cause of

death by 2030. Approximately 10% of patients with diabetes

have co-existing COPD. Evaluation of COPD Longitudinally to

Identify Predictive Surrogate Endpoints (ECLIPSE) study,13-

investigated 2164 COPD patients and 582 healthy subjects

and identified that odds of dying from COPD increased

significantly with diabetes. Coexistent diabetes was also

associated with higher medical research council dyspnea

score and reduced 6-minute walk distance. Acute exacerba-

tion of COPD is commonly associated with frequent hyper-

glycemia during hospitalization, thereby leading to increased

length of stay and increased mortality. It has also been re-

ported that hyperglycemia is an independent risk factor for

late failure of noninvasive ventilation.12,13 Co-existent dia-

betes also increases the risk of pulmonary infections in pa-

tients with COPD. Several studies11e14 have shown that

impaired lung function is a predictor of poor control of dia-

betes. Although the link between COPD and diabetes is sup-

ported by the literature, the strength of such an association

cannot be generalized as there can be many confounding

factors. More research is required to understand the complex

relationship between diabetes and COPD. Though the litera-

ture14 suggests an independent bidirectional association be-

tween diabetes and asthma yet asthma does not significantly

affect diabetes and inhaled steroids in low doses do not

significantly affect glycemia.

4. Diabetes and lung cancer

Diabetes is associated with an increased risk of malignancies

including breast, endometrium, colorectal, liver, pancreas and

bladder. The relationship between diabetes and lung malig-

nancy is not extensively studied. Some studies from the USA

and UK reported no association between diabetes and lung

cancer, however two recent studies from Sweden and

Denmark reported that diabetes significantly increases the

risk of lung cancer.14,15 In a population-based study from

Taiwan16 in 2014, it was found that diabetes was significantly

associated with an enhanced risk of lung cancer. The same

study reported that the risk of lung cancer was particularly

higher in diabetic males, smokers and those with co-existing

COPD. The study16 also concluded that it is the uncontrolled

diabetes instead of insulin therapy that increases the risk of

lung cancer. Diabetes can also affect the prognosis of lung

malignancy and is reported to have an adverse impact on

short term prognosis in surgically treated patients of non-

small cell carcinoma of the lung.17 Studies have also sug-

gested that metformin, the most common used first line drug

for themanagement of Type 2 Diabetes, has a protective effect

on lung cancer that is postulated to be due to its antitumor

properties, although the exact mechanism is unknown.18

5. Cystic fibrosis related diabetes

Cystic fibrosis is a monogenic autosomal inherited disorder

due to mutation in cystic fibrosis transmembrane conduc-

tance regulator gene. It principally affects the functions of the

exocrine glands and commonly involves respiratory and

digestive systems leading to frequent pulmonary infections

and pancreatic enzyme insufficiency. Bronchiectasis is one of

the major complications and can have an effect in diabetics.

Cystic fibrosis related diabetes (CFRD) is a distinct entity

although it shares features of both type 1 and type 2 dia-

betes.19 CFRD is characterized by progressive decrease in
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insulin secretion from childhood and declining beta cell mass

due to fibrosis and amyloidosis of the pancreas. Insulin

sensitivity is usually normal but is impaired in the presence of

infections and corticosteroid treatment. Basal insulin secre-

tion is preserved in patients with CFRD and fasting blood

glucose levels are often normal with lowest before meals. The

glucose levels rise after meals and the highest levels are re-

ported in the evening. CFRDwas earlier thought to bemild and

inconsequential however it is now clear that it can cause

micro as well as macrovascular complications and adversely

impacts the pulmonary functions and mortality. People with

CFRD have higher mortality in comparison to people with

cystic fibrosis without diabetes.20

6. Diabetes and Obstructive Sleep Apnea

Obstructive sleep apnea (OSA) is a common sleep disorder

characterized by repetitive, partial or complete, obstruction of

the upper airway during sleep. This invariably leads to inter-

mittent cerebral hypoxia, sleep fragmentation and failure to

achieve deeper stages of sleep. It has shown to cause systemic

inflammation and increased oxidative stress, that often leads

to insulin resistance and significant cardiovascular disease.21

Several studies22,23 including Sleep Heart Health Study

(SHHS)23 have shown that diabetes and OSA have a close

bidirectional association, independent of age, gender and BMI,

and therefore OSA patients are more likely to develop dia-

betes, and vice-a-versa. Diabetes may also contribute to sleep

disordered breathing by affecting central control of respira-

tion and upper airway neural reflexes due to diabetic neu-

ropathy. Estimated prevalence of diabetes among OSA

patients is 15e30%. Snoring is considered a surrogate marker

for OSA but only two studies have shown an association be-

tween snoring and diabetes24 OSA symptoms like snoring,

daytime somnolence, witnessed sleep apnea are associated

with elevated fasting plasma glucose levels. However,

whether the treatment of OSA with CPAP improves glucose

metabolism is still uncertain with many studies24e26 giving

conflicting results. Some studies have reported a robust as-

sociation between OSA severity and worsening of glycemic

control, which is directly proportional to the severity of OSA.

International Diabetes Federation as well as American Dia-

betes Association also recognize OSA as an important co-

morbidity in patients living with diabetes.25 It has been

reported26 that though the use of CPAP for small duration has

not shown any major benefit in improving glucose meta-

bolism and insulin resistance, long termCPAP therapy leads to

better control of fasting blood glucose levels. The CPAP ther-

apy, however, remains the mainstay of treatment in OSA,

irrespective of glycemic levels, as it is proven to improve hy-

pertension, quality of sleep and overall quality of life.

7. Diabetes and respiratory infections (non-
tubercular)

Individuals with diabetes are more susceptible to respiratory

tract infections and diabetes is considered as an independent

risk factor for respiratory infections including community

acquired pneumonia.26 Diabetes reduces bacterial clearance

from the lung and there is impaired polymorphonuclear cells

phagocytic function. Hyperglycemia due to uncontrolled dia-

betes can promote bacterial growth by enhancing interaction

of the bacteria with respiratory epithelium. The spectrum of

pathogens responsible for CAP in patients with diabetes is

different from non-diabetic individuals.27 Infection with

Staphylococcus aureus and gram-negative bacteria like klebsi-

ella pneumoniae are far more common in patients with dia-

betes than in those without diabetes.28This may be attributed

to higher skin and nasopharyngeal carriage of Staphylococcus

aureus and increased oro-pharyngeal carriage of gram-

negative bacteria in diabetics. Diabetes is also associated

with increased risk of recurrent pneumococcal pneumonia.

Patients with diabetes are six times more likely to be hospi-

talized with influenza or influenza-like-illness during epi-

demics.29 These patients are also at enhanced risk of

secondary staphylococcal pneumonia. Fungal infections of

the lungs and sinuses (Candida, Mucor) are more common in

patients with diabetes than in nondiabetic patients.30 Some of

the serious respiratory tract infections like Influenza and

pneumococcal pneumonia are vaccine preventable diseases,

therefore vaccination of patients with diabetes must be

considered very strongly to prevent morbidity29

8. Diabetes and tuberculosis

In 2019, WHO estimated that 10.4 million people were diag-

nosed with diabetes and 1.7 million people died of it.31 IDF

projections estimate that the global burden of diabetes will

rise by 55% by the year 2045 and much of this increase will

happen in the geographical areas where tuberculosis is

endemic.1 A close look at epidemiology of these two diseases

suggest that while tuberculosis is more prevalent in poor

countries, diabetes has been traditionally considered a dis-

ease of the richer population. Historically, an association be-

tween diabetes and tuberculosis was not given much

importance until only recently with shift in global epidemi-

ology of diabetes. In 2007 and 2008, a series of papers32

explored this association between diabetes and tuberculosis.

A Medline literature search by Catherine Stevenson33 identi-

fied 9 studies published after 1995 which reported a variable

increase in risk (1.5%e7.8%) of tuberculosis with diabetes

mellitus.

The association between diabetes and tuberculosis is well

known and is bidirectional. There is more than threefold in-

crease in risk of tuberculosis with diabetes but whether

tuberculosis increases the risk of diabetes or not remains

uncertain.34 The possibility is raised by the fact that many

patients with tuberculosis develop transient hyperglycemia

during treatment for tuberculosis. It is still inconclusive if the

transient hyperglycemia increases the risk of future diabetes.

The studies32e34 have been limited by many potential con-

founders. The same group reported that in Indians diabetes

was associated with 14.8% cases of pulmonary tuberculosis

and 20.2% cases of smear positive pulmonary tuberculosis.

Jeon and Murray in a systematic review and meta-analysis

identified 13 studies from the year 1965 and reported that in

three cohort studies relative risk of tuberculosis was 3.1%
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while in case-controlled studies relative risk varied from 1.16

to 7.83. Further studies35 have confirmed that there is more

than threefold increase in risk of tuberculosis with diabetes.

Diabetes is associated with an overall increase in risk of all

infections and the precise mechanism by which leads to in-

crease in risk of tuberculosis is not clear. Diabetes compro-

mises the cell mediated immunity by impairing the functions

of macrophages, lymphocytes and monocytes. Patients with

uncontrolled diabetes are at higher risk of developing tuber-

culosis than in those with good glycemic control, thus indi-

cating that hyperglycemia may play a major role in the

development of tuberculosis.35 The pulmonary micro-

angiopathy caused by diabetes may also be one of the

contributing factors. The other risk factors include the pres-

ence of diabetic kidney disease and vitamin deficiencies.

In 2009 in an expert group meeting in Paris, it was agreed

that a collaborative approach is required to deal with the duo

of tuberculosis and diabetes and a frameworkwas launched in

2011. This framework focuses on establishing the mecha-

nisms for collaboration, detection and management of

tuberculosis in patients with DM and detection of DM in pa-

tients with diabetes.

Plausible ways in which diabetes can affect tuberculosis

are many. Diabetes affects the susceptibility, progression,

smear positivity, latent infection, contagiousness, reac-

tivation and mortality of patients with tuberculosis.36 Dia-

betes not only increases the susceptibility to tubercular

infection, but it also increases the rate of developing tuber-

culosis in those with latent infection. Diabetes increases the

risk of reinfection with tubercle bacilli and proportion of those

having sputum positive tuberculosis is more with diabetes.

Diabetes also increases the contagiousness of infection with

both treated and untreated cases. There is an increase in

mortality in patients with tuberculosis and diabetes. Diabetes

also affects the treatment of tuberculosis with treatment

failure more common in patients with both diabetes and

tuberculosis. There is also an increased risk of development of

multi drug resistant tuberculosis, increased recovery time and

susceptibility to reinfection. This means that people with

diabetes not only have higher risk of tuberculosis, but they are

also likely to have relatively worse outcomes. The poorer

outcome may be because of many reasons which include

compromised innate and adaptive immune response. Further,

bactericidal activity of anti-tubercular drugsmay be altered by

diabetes due to changes in pharmacokinetics of anti-

tubercular drugs. The rifampicin may interfere with the

pharmacokinetics of oral anti diabetic drugs leading to

impairment of glycemic control. A better understanding and

more research with robust evidence is required to conclu-

sively establish the possible ways in which diabetes can

change the natural history of tuberculosis.

9. Challenges in the management of
diabetes and tuberculosis - screening

There are only few studies which have examined the issue of

screening diabetics for tuberculosis. Due to lack of evidence of

any cost benefit, the routine screening of diabetics for tuber-

culosis, and vice versa, is not recommended, as of now.

However, it is suggested to keep a high index of suspicion for

tuberculosis in diabetic patients who present with symptoms

off ever,persistent cough and weight loss. On the other hand,

screening for diabetes in tuberculosis patients is widely rec-

ommended and is advocated by most of the tuberculosis

control programs.29 The screening for diabetes in patients

suffering from tuberculosis poses significant challenges like

timing of screening (at the time of diagnosis and before

starting treatment, during the treatment, or at the end of the

treatment) and the test to be used (random blood sugar,

fasting blood sugar, post prandial blood sugar or HbA1c or

OGTT). However, screening strategy in a community is guided

by local factors, prevalence of diabetes and tuberculosis,

associated cost and availability of resources.37

10. Challenges in the management of
diabetes and tuberculosis - treatment

Adequate glycemic control is required for better treatment

outcomes and prevention of vascular complications in pa-

tients with diabetes. The oxidative stress seen in many pa-

tients of diabetes is also an important risk factor in

pathogenicity of tuberculosis.38 Tuberculosis being a chronic

inflammatory state can increase insulin resistance and di-

abetics suffering from tuberculosis may therefore require

treatment modification and intensification. However, the

need for a specifically tailored treatment for tuberculosis pa-

tients with diabetes is not yet recommended.31 In general,

patients with concurrent diabetes and tuberculosis are rec-

ommended standard treatment with two drugs, namely,

rifampicin and isoniazid for 6 months each in addition to

using ethambutol and pyrazinamide for the first two

months.31 Monitoring of drug levels or a longer treatment

duration is not yet clearly defined in guidelines. In a study

from Indonesia,30 it was reported that drug concentration of

rifampicin,when prescribed to patients with coexisting dia-

betes and tuberculosis, was about 50% lower in patients with

than in those without it. In addition, lower serum levels of

rifampicin were associated with increased blood glucose

levels leading to worsening of diabetes. However, similar re-

sults could not be reproduced in larger study cohorts. It is

important to highlight that pharmacokinetics of antituber-

cular drugsmay be altered by diabetes and therefore, whether

an increase in rifampicin dose will improve the outcomes

needs further research. There are some studies26,30,31 that

support the hypothesis that a longer treatment duration of

antitubercular drugs may prevent recurrence of tuberculosis

in diabetic patients. However, data is not robust enough in

many other studies to make general recommendations. A

longer duration of treatment may lead to greater toxicity of

antitubercular drugs including peripheral neuropathy and

ocular side effects.39

Patients of tuberculosis with diabetesmay require frequent

self-monitoring of blood glucose although guidelines on these

recommendations are lacking. The choice of drug for diabetes

is guided by the same principles (glycemic efficacy, side ef-

fects, cost) as in patients without diabetes as there is no

preferred drug for the management of diabetes in patients

suffering from tuberculosis. Rifampicin has drug interactions
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with sulfonylureas, one of the widely used class of antidia-

betic drugs. Rifampicin increases the hepatic metabolism of

sulfonylureas with great inter-individual variations,leading to

frequent hypoglycemia or hyperglycemia, thus making dose

adjustments a very difficult task. The drug-drug interaction

data is sparse with other classes of anti-diabetic drugs. Some

Indonesian guidelines30,39 recommend the use of insulin

routinely for management of diabetes, though this is sup-

ported by only limited data. Apart from the regular pharma-

cological interventions, all patients having diabetes and

tuberculosis must receive education and counselling for self-

management. In addition, these patients may also require

more frequent monitoring of liver function and kidney

functions.40

11. Integrating diabetes and tuberculosis
service delivery

For a better tuberculosis control and treatment, integration of

care for patients with both diseases seems to be the natural

way forward. However, this integration may put additional

strain on an already overburdened healthcare program. Lack

of public awareness regarding diabetes as well as tuberculosis

is a major challenge in improving healthcare outcomes for

national tuberculosis control programs, especially in a devel-

oping country like India.41 Cost effectiveness of bidirectional

screening for tuberculosis and diabetes is yet to be established

in large scale studies, though good glycemic control is ex-

pected to improve clinical outcomes in tuberculosis patients.

The prevalence of diabetes in patients with tuberculosis is

only going to rise and an effective strategy is therefore

required to deal with the menace caused by the deadly duo.42

12. Conclusion

Diabetes mellitus is one of the most thoroughly investi-

gated systemic diseases worldwide, and is considered a

part of the metabolic syndrome epidemic. Although it has

been shown to affect almost every organ in the body, the

lung is one of the most overlooked target organs of dia-

betes, presumably because its clinical relevance is unde-

termined and underrecognized. Inspite of enough

literature evidence of an undeniable link, the diabetes-

lung association is rarely investigated. In fact, most pul-

monology literature does not address diabetes as an

influencing factor for lung diseases. Emerging evidence

suggests that diabetes and the widely used hypoglycemic

drugs may affect the pathogenesis, development, and

progression of several lung diseases and their prognosis

and clinical outcome, suggesting that diabetes should be

considered as a relevant factor in the clinical approach to

lung disease patients. The pro-inflammatory, prolifera-

tive, and oxidative properties of hyperglycemia have been

shown to have an important role in affecting pulmonary

vasculature, airways, and lung parenchyma. The evidence

reviewed in this article supports further investigation in

this field. More studies are needed to evaluate and rein-

force the pathological and clinical associations between

diabetes and lung disease. The convergence of two epi-

demics of this century, namely diabetes and tuber-

culosis,have a significant impact on public health

programs and poses a huge social and economic chal-

lenge in a resource scarce country like India. More

research should be thus promoted in the field of diabetes

and respiratory diseases to further explore the unholy

association of these common diseases.
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a b s t r a c t

Background/Purpose: Access, cost and quality are limiting parameters of any healthcare

delivery system. RNTCP (Revised National Tuberculosis Control Program) has largely

addressed the access and cost issues, however the quality of care is a major hurdle in TB

care today.

Methods:We propose using an evidence based method of quality improvement principles to

address many quality issues ranging from delayed turnaround time in testing, to low pa-

tient satisfaction, and slow private sector engagement.

Results: We propose a 5 step approach to learning and conducting quality improvement at

the district level. Step 1: Form a team and define the problem Step 2: Develop baseline data

Step 3: Create a process map Step 4: Bring a change through a PDSA Plan-Do-Study-Act

cycle Step 5: Prepare run charts.

Conclusion: We cannot expect a different result by doing the same thing over and over

again. This holds particularly true for the TB program in India. A major paradigm shift is

necessary if we wish to achieve TB Free within our lifetimes. A shift from quality assurance

to quality improvement offers this hope for change and TB elimination.

© 2019 Published by Elsevier B.V. on behalf of Tuberculosis Association of India.

1. Why quality improvement for TB?

Rahul (name changed) is a 16-year-old boy from a “slum area”

in central Madhya Pradesh who developed a fever and cough

for over 1 year. Due to a lack ofmoney, hismother treated him

with home medicines, initially. Seeing no improvement, she

went to a local doctor who prescribed some medicines for

fever, without doing diagnostic sputum or x ray tests. Rahul

continued to have a chronic cough for 8e10 months, and saw

multiple other doctors in the process and still did not get

sputum and x-ray test. Soon his weight declined by 10e15 kg

to only 33 Kg. During this time a local NGO team doing active

case finding heard about Rahul from neighbors. He had
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become so weak that he was bed-ridden and cared for by his

12-year-old sister. Having symptoms of TB (cough and fever

greater than 2 weeks and weight loss), the NGO surveyor gave

him an x-ray referral and sputum cup.

Three days later when the NGO team followed up on Rahul

no sputumwas produced and no x-ray was done. The mother

was contacted at her work and an x-ray was finally done at a

private facility. The mother did not want to go to the gov-

ernment facility because it would require a full day with the

wait and she would lose her day's wages. Rahul's father had

passed away when he was young and his mother worked as a

servant in homes and earned Rs 5000 per month. Rahul

worked by her side.

Xray at the private facility showed patchy opacification on

the upper right and mid-zone lung with fibrotic shadows

airspace disease consistent with TB. TB sputum was sent to a

government lab and was reported as negative. The patient

was started on anti-TB treatment at the local DMC andmoney

Rs. 500 was provided by the direct benefit transaction (DBT).

Within weeks Rahul's health improved, with weight gain,

reduced fever and diminished cough and he was working by

his mother's side. He is completing his 6-month treatment for

TB.

Tuberculosis ails 2.8million people and kills 423,000 people

each year in India, even though it is a preventable and treat-

able disease.1 Access, cost, and quality of care are limiting

parameters of any healthcare system including the TB pro-

gram in India. Over the past decades government's TB pro-

gram (RevisedNational Tuberculosis Control Program, RNTCP)

has addressed the problem of access by a comprehensive

nationwide DOTS (directly observed therapy) program,2,3 and

the problem of cost by having free diagnostics, free medica-

tion and direct benefit transfer to TB patients, and yet, the

number of TB cases and deaths have not dropped substan-

tially. The reason is largely due to the poor quality of TB care in

India. For example, standardized patient studies4 show that

79% of TB cases were not managed correctly by private health

providers. Some 83% of patients presenting to a health pro-

vider with a cough and fever greater than two weeks and

having failed a course of antibiotics did not have sputum or x-

ray ordered. The case in point is Rahul, who had multiple

doctor visits with symptoms of cough and fever. Also, the

quality of services at the government center, related to long

wait times and possible disrespectful treatment of patients,

leads to reluctance and avoidance of essential public TB

facilities.

A systematic review of quality of TB care5,6 in India of 47

studies shows that suboptimal quality of TB care with findings

of only one in three providers knowing the standard regimen

for drug-susceptible TB and less than one quarter ordering

smears in patients with chest symptoms consistent with TB.

The poor quality is not isolated to just TB yet is part of the

greater health system in India.7

For decades the solution to the quality problem has

been a “quality assurance” approach. The government

system has set the benchmark for the number of sputum

smears that must be tested or patients that have to be on

treatment. The district TB officer and the TB health

workers have to adhere to these benchmarks and those

who fell below it were scrutinized for poor quality

performance. This culture and strategy of “name, blame,

and shame” has been successful to some extent in making

sure a minimum standard was met and a central agency

could monitor the output. However minimum thresholds

have lead to an age-old practice of data fudging. At times

numbers “are adjusted” at the local level, such as addi-

tional positive cases or repeated testing of sputum smears

or dropping the defaulter cases, in order to make quarterly

numbers appear better on the ledger with dismissal for

genuine improvement. Such lack of buy-in and lack of

responsibility on the part of some field workers can lead to

poor quality and persistently high morbidity and mortality

due to TB.

An alternate to quality assurance is improving the qual-

ity of care through quality improvement. Table 1 and Fig. 1.

While quality assurance focuses on accountability with

comparison and highlighting and changing poor perfor-

mance, quality improvement is an approach for improve-

ment with a testing of a hypothesis and small test of change

recorded in run charts towards a broader goal. QI was first

introduced by W. Edwards Deming and has been applied as

a business manufacturing practice and is attributed to the

success of companies such as Toyota and Federal Express.

Over the past two decades, QI has been applied to health-

care in the United States and Europe with significant success

and the approach has been adopted by the largest health-

care payer, Centers for Medicare and Medicaid Services.

In developing countries, there have been few studies on the

use of QI. Several articles8 have mentioned that the time for

quality improvement is now, providing the various method-

ology of lean and six sigma and PDSA cycle with small steps of

change and providing a structured problem-solving approach.

The Quality Council of India has taken on this approach for

hospitals and one study9 has shown success with 88% decline

in infection rate in the surgical unit over 12 months using a QI

approach.

For tuberculosis, a QI project in Carabayllo, Peru on MDR

TB has shown success.10 There are no published studies on

the use of quality improvement for TB elimination, however

USAID11 (United States Agency for International Develop-

ment) has developed a handbook for TB and MDR-TB pro-

grams and IHI, Institute for Healthcare Improvement, has a

detailed manual on how QI can be implemented in TB pro-

grams(12). We use these references and show how quality

Table 1 e Comparing and contrasting quality assurance
and quality improvement.

Quality assurance Quality improvement

Individual focus System focus

Find poor performers and

rejecting or reforming them

Move all towards improving them

Develop Evidence base

standards and guidelines as

threshold or target

benchmarks

Moving all towards improvement

on guidelines

Achieving a set goal or

threshold

Continuous improvement
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Fig. 1 e Quality assurance is taking action on the poorly performing individuals while quality improvement is targeting all

to achieve better performance.

Fig. 2 e An Aims Statement can be easily developed by answering 5 questions.
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improvement can be applied in real-world setting for pro-

grammatic change in the TB program in India.

2. What is quality improvement?

“Quality Improvement is an approach aimed at systematically

improving the quality of care by addressing gaps between

current practices and desired standards, through manage-

ment decisions, rapid cycle and team-based problem solving,

process improvement and quality redesign.”11 Quality

improvement is a systems-based approach that addresses the

“know-do” gap through a structured continuous process.

The key components for a quality improvement system

are: establishing input, process and outcomes standards,

using data to identify gaps, training health providers in QI,

creating improvement teams, monitoring continuous perfor-

mance and documenting quality improvement.11

QI is a fundamental mindset change. For example,

when providers do not adhere to guidelines, with the QA

approach we blame them and try to change the in-

dividuals. In a QI approach, we understand that poor

adherence is not a problem entirely due to the providers

or individuals but rather a problem of the system, and

work to change the system. It is not the “bad apples” but

the “rotten bucket” within which the apples reside that

requires change. Additionally, quality improvement is a

universal principle and can be applied to business,

healthcare as well as personal relationships as demon-

strated in the article “Plan-Do-StudyeAct Cycle Re-

juvenates a Marriage.”13

3. How to do quality improvement?

A number of documents describe a step by step approach

that QI teams need to do to bring a change.11,12 Most

importantly, no change can occur without having full

support from the leadership which includes, the TB super-

visor, district TB officer, state TB officer, MD-NHM and the

Central Tuberculosis Division in India. Good leaders

empower teams to make changes. Tools such as a change

package, checklists, aims statement, process diagram, and

run-charts are essential for quality improvement. The con-

tent such as the topic of the statement of the aim may vary

however the tool is essential.

3.1. Step 1: Form a team and define the problem

The first step on the QI journey is to form an improvement

team with a designated leader. He or she does not have to be

the senior-most person on the team but someone who is

maintaining the momentum, scheduling regular meetings

and keeping in touchwith a quality improvementmentor. The

team needs to include people from various sectors, a multi-

disciplinary team, which can meaningfully contribute to the

problem, the process, and the solution. At the start, it is

important for the team to mutually agree on the logistics of

when, where and how long to meet.

After the team is formed it needs to reflect on the mission

of the TB program at the facility, some of the problems that

are under their control to improve, and the aim of how to get

there using the “Develop an Aims Statement” worksheet tool

(Fig. 2). By answering the question of where, what, by how

much, by when, and how, one can develop the Aims

statement.

3.2. Step 2: Develop Baseline data

The aims statement defines what one will be trying to change.

More specifically it explicitly details the parameters of the

change journey. It is important to choose a measure that is

readily extracted from the data that is already being collected

or can be collected at frequent enough intervals to be recorded

with ease Fig. 3. For example, as a measure do not choose

deaths due to TB due to patients missing their medicines

Fig. 3 e Selecting measures and collection baseline data.
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rather choose something like percent or number of patients

who have missed their TB medicine on a given day.

3.3. Step 3: Creating a Process Map

It is important to understand that activity and improve-

ment happens within a larger system, not as an indepen-

dent activity. So, it is critical to have the “big picture” or “30

thousand feet perspective” on the step by step process of

what happens. On a flip chart as a team, it is important to

draw out where the process begins and where it ends and

to use standard graphics of ovals, boxes and diamonds

from the patient's perspective and/or the provider's
perspective (Fig. 4). The team also needs to identify the

problems, bottlenecks, and delays within the process

diagram.

Fig. 4 e A sample process map allows one to see the “big picture” of how things are getting done.

Fig. 5 e A PDSA worksheet allows improvement process.
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3.4. Step 4: Bring Change Through Plan-Do-Study-Act
(PDSA) Cycle

Once the process diagram is developed and an aims statement

is made and baseline data that needs to be obtained is iden-

tified, the team can begin the improvement process by initi-

ating the Plan-Do-StudyeAct cycle. Fig. 5.

The PDSA worksheet synthesizes the Aims statement and

intervention (change being tested) the measures, and the ac-

tivity over the 3e6 month time cycle of the quality improve-

ment initiative (Fig. 6) (see Fig. 7).

3.5. Step 5: Run Charts

The only way to know if a change is being made is to measure

it. In order tomeasurewe need awell definednumerator and a

denominator. Once that is done, the team can track the mea-

sure over time, in the form of a run chart. The run chart helps

the team visually notice if a change is occurring. The arrow

notation on the run chart point to when changes are being

made. The run chart needs to be reviewed at each meeting.

4. Proposal for quality improvement in India

While the QI process is a great theoretical concept, intro-

ducing it in India for the TB programwill be a major challenge

due to little or no familiarity with quality improvement prin-

ciples. Given the RNTCP structure with Central TB Division,

State TBOfficer, District TB Office, and Individual Tuberculosis

Units a proposed model can be the following: After buy-in

from leadership at central TB division and state TB office,

one can begin QI training at the district level with focus on the

local district teams with the main agent of change is the dis-

trict TB officer, since he or she leads a team of 30e70 persons

working for TB elimination in a district.

It would be essential to do both an in-person and on-

line course with frequent (weekly) meetings of the mentor

and the district TB officers and staff. The entire staff

would develop 4e5 teams with each having their own

leaders and different Aims statements and PDSA cycles.

Once a pilot in few centers is successful it can be piloted

in 30e50 districts and then finally scaled up to over 500

Fig. 6 e Sample Timeline shows the team's QI activity over 4 months.
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districts. Such a stepwise approach would be useful in

learning from initial mistakes and knowing what requires

greater emphasis.

5. Conclusion/summary

We cannot expect a different result by doing the same thing

over and over again. This holds particularly true for the TB

program in India. A major paradigm shift is necessary if we

wish to achieve TB Free within our lifetimes.

A shift from quality assurance to quality improvement

offers this hope for change and TB elimination. While quality

assurance is setting a threshold and reforming or rejecting

those below the benchmark, quality improvement is a

continuous improvement for all. USAID, IHI and other

agencies have handbooks on how QI can be implemented for

TB and MDR-TB programs.

Among the many options, the 5 step QI process is best

suited for introduction and change in India. These steps

include: forming a team and defining the problem, under-

standing the current system with baseline data, creating the

processmap, introducing change through the PDSA cycle, and

developing run charts. Such a disciplined process change plan

can have a profound impact onmaking themore effective and

efficient and ultimately reducing the number of people who

become ill and die from tuberculosis which is a diagnosable,

preventable and treatable disease.
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a b s t r a c t

The targets of the WHO's End TB Strategy and the United Nations' (UN) Sustainable

Development Goals (SDGs) have been expanded to“Find. Treat. All #EndTB” with universal

access to TB diagnosis, treatment and care by 2022 in an effort to end the global TB

epidemic. Trends to achieve the above targets in children have led to greater emphasis on

the newer diagnostics paving way to microbiological confirmation and universal drug

sensitivity in children.

© 2019 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

1. Introduction

According to the Global TB Report 2019, out of a quarter of the

world's population infected with M. tuberculosis, with an

overall lifetime risk of developing TB disease, being 50% and

25% and 5e10% in infants, 2e5 year olds and adults respec-

tively. In 2018, an estimated 10 million new cases (range,

9.0emillion) fell ill with TB and 11% were children (aged <15
years). India accounted for about a 27% of this global burden,

being the leading most cause from a single infectious agent

(ranking above HIV/AIDS).1 Further, drug-resistant TB also

continues to be a major public health threat. In 2018, there

were about half a million new cases of rifampicin-resistant TB

(of which 78% had multidrug resistant TB), with the largest

share of this global burden being in India (27%).1 Out of the

estimated 27 lakh cases in India, the Revised National

Tuberculosis Control Programme (RNTCP) was able to achieve

a notification of 21.5 lakh in 2018. Childhood tuberculosis (TB)

continues to be one of the major causes of childhood

morbidity and mortality. In India, an estimated 10 lakh chil-

dren became ill with TB and 2,50,000 children died of TB in

2017 (including children with HIV associated TB).2 Though

MDR-TB and XDRTB is documented amongst the pediatric age

group in India, better management strategies are being

adopted by the programme with an added emphasis not only

on treatment but also on prevention of pediatric TB.3e5

On 26 September 2018, the United Nations (UN), in its first-

ever high-level meeting on TB, added four new global targets

to the Sustainable Development Goals (SDGs) and WHO's End

TB Strategy targets for 2030 and 2020 namely to treat 40

million people for TB disease, 30 million people with TB pre-

ventive treatment for a latent TB infection and mobilize ef-

forts to achieve universal access to TB diagnosis, treatment,

care and TB research.1,6,7 It also recognized the far reaching

negative impact of TB among women and children owing to

social and health inequalities and peculiar needs of children.

Hence as steps towards TB elimination, a commitment was
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made to prioritize the women and pediatric group.6,7 Howev-

er, as number of children with TB remain undiagnosed and

untreated each year, the case-detection gap is maximum in

children and it becomes difficult to assess actualmagnitude of

childhood TB epidemic resulting in greater emphasis on the

newer diagnostics paving way for microbiological confirma-

tion and universal drug sensitivity in children.6,7

Diagnosis of TB in children is challenging because children

often have pauci-bacillary disease, both pulmonary (PTB) and

extrapulmonary (EPTB) tuberculosis.8e10 Smear positivity rate

of less than 10e15% and culture positivity rate of 30e40% in

PTB.8,11 Also, it is difficult to obtain proper sample from young

children, as they tend to swallow the sputum and rarely

expectorate.11 Thus traditionally, clinical and radiological

findings and medical history have formed a mainstay of

diagnosis of pediatric TB, especially in resource-limiting and

tuberculosis-endemic countries8,11 Recent evidence suggests

that every effort needs to be made to prove microbiological

diagnosis for pediatric cases as children of all age groups

mostly have bacilli in their samples, especially pulmonary and

advancements in diagnostics have improved the sensi-

tivity.4,12,13 In every chest symptomatic pediatric presumptive,

a chest X ray should be performed at the outset. Good-quality

chest radiograph is a good supportive and screening tool for

diagnosis and hilar/mediastinal lymphadenopathy, chronic

fibrocavitatory disease, persistent shadows not responding to

antibiotics or miliary pattern are considered suggestive.14e16

The tuberculin skin test (TST) or mantoux test done using

�5 tuberculin units (TU) of purified protein derivative RD 23

(equivalent) as part of the pediatric diagnostic algorithm has a

limited role due to availability issues of standardized tuber-

culin.4 Role of serological antibody based tests currently have

been banned byWorld Health Organization (WHO), as they are

inaccurate in sensitivity and specificity, also non-validated in

ehouse PCR or commercial PCR based assays. Quality assured

microbiological investigations on appropriate samples are

essential for the diagnosis, besides clinico-radiological evi-

dence and contact history. These investigations help in la-

beling a presumptive TB child as microbiologically confirmed

TB12In caseswhere the sample ismicrobiologically negative or

not available, such cases would be categorized as clinically

diagnosed TB. It is imperative to rule out alternative diagnosis

in cases of persistent clinico-radiological findings. Extra-

pulmonary TB also needs to be considered if X-ray chest is

negative with a positive TST17

Pediatric DR-TB reflects the presence of DR-TB in the

community or mismanagement of TB in that particular child.

Therefore, all notified TB patients, history of family contact

with DR-TB patient or death in the family due to TB, HIV,

follow up positives on microscopy including treatment fail-

ures on standard first line treatment and mono/poly regi-

mens, any clinical non-responders are considered as

presumptive DR-TB patients. Like for TB diagnosis, microbio-

logical confirmation and susceptibility testing is essential for

correct diagnosis. Children with a DRTB contact having signs

symptoms of active TB, even in the absence of bacteriological

confirmation are considered as having ‘probable MDR-TB’ and

started on MDR-TB treatment.4,18,19

All efforts must be made to get relevant good quality clin-

ical specimens, based on the site namely sputum (2e5ml

mucopurulent), pleural tap, lymph-node aspiration, cerebro-

spinal fluid (CSF) and excision/laparoscopic tissue biopsy. In

case of insufficient sample, depending upon the age of the

child, wherever facilities are available, alternate samples such

as induced sputum, gastric aspirate/lavage (GA/GL) or

broncho-alveolar lavage (BAL) must be collected and trans-

ported to culture& DST lab as soon as possible after collection

to enhance diagnosis,20.

Hospitalization and neutralizationmay not be essential for

gastric aspirate and 2 fasting gastric aspirates of about 2e5 ml

on consecutive days are recommended in children who are

unable to produce sputum as suggested by different

studies,20,21,22 Addition of BAL to GA/GL increases sensitivity,

but is highly invasive technique, hence is not recommended

routinely.21 Sputum induction has been found to be useful

technique as demonstrated in literature20,.In one study,

samples from induced sputum and gastric lavage were found

to be positive in 54 (87%) and 40 (65%) children, respectively

(difference p ¼ 0$018). The single sample yield from induced

sputum was found to be comparable to three gastric lavages.

Sputum induction is safe and helpful in microbiological

confirmation of TB in young children. Technique is preferable

to gastric lavage for diagnosis of pulmonary tuberculosis22

Evidence is being generated to detect MTB from stool

samples as an alternative to sputum as it is non-invasive &

convenient sample especially for very young children. In

meta-analysis by Mac-lean et al of nine studies over 1681

samples, pooled sensitivity and specificity of stool Xpert were

67% (95% confidence interval [CI], 52e79%) and 99% (95% CI,

98e99%), respectively in comparison to microbiological

reference standard. Sensitivity was higher among children

with HIV (79% [95% CI, 68e87%] versus 60% [95% CI, 44e74%]

among HIV-uninfected children). Heterogenicity was found in

stool processing methodology with differences in reagents

and methods of homogenization and filtering, which needs to

be standardized23

Microbiological diagnosis of TB has been traditionally

based on smear microscopy and conventional culture based

on solid media till previous decade, where any diagnostic

techniques have been introduced of which some have been

approved by WHO. Most of WHO approved technologies have

been adopted by RNTCP and PMDT for detection of TB and DR-

TB. These technologies include molecular Cartridge Based

Nucleic Acid Amplification Test (CBNAAT) Xpert MTB/RIF™or

Gene-Xpert, Line Probe Assay, Genotype MTBDRplus and Ge-

notypeMTBDRsl and Liquid culture andMycobacterial Growth

indicator tubes (MGIT)17e19, 24-26.

These tests have a higher sensitivity, specificity and a

faster turn-around time than the conventional smear micro-

scopy and solid (LJ) culture.

Gene-Xpert MTB/RIF assay system or CBNAAT was

endorsed by WHO in December 2010 after many detailed

multi-centric evaluation of the technology world-wide for

providing point of care diagnostics (POC). Cepheid Gene-Xpert

MTB/RIF assay is fully automated molecular assay in which

real-time polymerase chain reaction technology is used to

simultaneously detect M. tuberculosis and RIF resistant muta-

tion in rpo B gene.27 In this cartridge based system, sputum or

extra-pulmonary samples require minimal laboratory exper-

tise and results are available in less than 2 hours. Sensitivity
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and specificity for detection of pulmonary TB is comparable to

MGIT culture i.e. 130 bacilli per ml.

Many studies globally have been conducted to assess ac-

curacy of Xpert for TB and RIF resistance detection. As per

evidence provided in WHO policy update in 2013, in pre-

sumptive TB children, pooled sensitivity of Xpert MTB/RIF

with culture as reference was 66% (95% CI, 52e77%) where

either expectorated sputum or induced sputum was used;

where samples from gastric lavage or aspiration were used

66% (95% CI, 51e81%). Pooled specificity of Xpert MTB/RIF

comparedwith culture as reference standardwas at least 98%,

with narrow confidence intervals. The sensitivity of Xpert

MTB/RIF to detect rifampicin resistance in specimens from

children was 86% (95% CI, 53e98%)27

Evidence is available for extra-pulmonary samples, in

which using lymph node aspirate samples, pooled sensitivity

of 84.9% (72e92%) and specificity of 92.5% (80e97%) respec-

tively is reported. For CSF, sensitivity and specificity is 79.5%

(62e90) and 98.6% (96e100) respectively. And for other tissue

samples pooled sensitivity was 81.2% (68e90) and 98.1%

(87e100) respectively. Least sensitivity was seen for plural

fluid at 17% (8e34) though specificity was high 99.9%

(94e100%). Most of these studies were applied using culture as

gold standard.27

In a meta-analysis comparing 15 studies which included

4768 respiratory specimens from 3640 children, pooled sen-

sitivities and specificities of Xpert for tuberculosis detection

were 62% (95% credible interval 51e73) and 98% (97e99),

respectively, with use of expectorated or induced sputum

samples. Pooled sensitivities and specificities of Xpert for

tuberculosis detection was found to be 66% (51e81) and 98%

(96e99), respectively, with use of samples from gastric lavage

In these studies, Xpert was compared to culture28. In study

from Zambia, Africa, Sensitivity of Xpert MTB/RIF assay was

68$8% (95% CI 53$6e80$9) for gastrc lavage versus 90$0%

(54$1e99$5; p ¼ 0$1649) for sputum; specificity was 99$3%

(98$3e99$8) and 98$5% (94$1e99$7; p ¼ 0$2871) for gastrc

lavage and sputum samples respectively.29 In another study

fromGermany, Europe, Xpert detected 100% of smear-positive

cases and 66.6% of culture-positive but smear-negative cases.

In absence of TB, Xpert's specificity was 100%.30

Hence it was suggested byWHO that Xpert MTB/RIF should

be used rather than conventional phenotypic test as the initial

diagnostic test in children suspected of having TB or having

MDR-TB.

In a pioneering Indian study, from different centers,4,600

pediatric presumptive pulmonary TB cases were enrolled,

which diagnosed 590 (12.8%, CI 11.8e13.8) pediatric PTB cases.

Overall 10.4% (CI 9.5e11.2) of presumptive PTB cases were

detected by Xpert MTB/RIF, in comparison to 4.8% (CI 4.2e5.4)

smear-positive results. Also upfront Xpert MTB/RIF testing of

presumptive PTB and presumptive DR- TB cases detected 79

and 12 rifampicin resistance cases, respectively clearly

showing it's utility for programme.24

Usefulness of Xpert for detecting TB among infants was

demonstrated in a multi-centric Indian study. 7994 pre-

sumptive infant TB cases were enrolled, among which 462

(5.7%) were TB positive on Xpert, of which of which only 89

(19.3%) were positive on smear microscopy, Only 3 cases were

detected on microscopy but negative on Xpert. Overall, 26

(5.6%) of infants diagnosed with TB, were found to be rifam-

picin-resistant.24

Based on international and national evidence generated,

latest RNTCP guidelines have adopted WHO based evidence

and suggested Xpert MTB/RIF as diagnostic test of choice for

detection of TB and RR- TB 18,19.

In cases where Xpert is not available, recommendations in

programme is to use smear microscopy. Logistics of using

smear examination at National level is driven by the

simplicity of performing smear microscopy by para-medical

staff, low cost and availability of result on the same day.18,19

Although the bacteriologic yield in children is low, but

adolescent children frequently develop sputum smear-

positive hence sputum microscopy has definite role.20 For

smear examination, it is essential to examine at-least 2

smears, as sensitivity of detection by smear microcopy is

rather low.19 Detection of AFB in sputum samples under

optimal conditions is somewhere between 104 and 105 bacilli

per ml. ZN staining has a low sensitivity of 22e43% for single

smear, but increases with 2 smears. Even though AFB stain of

sputum is positive in up to 75% of adults with pulmonary TB,

fewer than 20% of children with TB have a positive AFB smear

of sputumor gastric aspirate.8Microscopy is highly specific for

MTB, which appear as long, curved and beaded. Non-

Tuberculous Mycobacteria (NTM) may appear as short,

straight bacilli with no specific morphology. Smear micro-

scopy is done by either Ziehl-Neelson (ZN) staining or light

emitting based (LED based) florescent staining.8,31 As per

systematic review of 45 relevant studies, fluorescent micro-

scopy is found to be on an average 10% more sensitive than

conventional microscopy (95% CI: 5e15%) and 98% specific.32

In an Indian study from National Reference Laboratory

(NRL), NewDelhi, sensitivity and specificity of LEDmicroscopy

was 83.1% and 82.4%, respectively. Mean reading time of LED

was three times faster than ZN.33 Presently, Auramine O

staining-based LED has replaced conventional ZNmicroscopy

in 200 Designated Microscopy Centers (DMC) of medical col-

leges operating in collaboration with India's Revised National

Tuberculosis Control Programme (RNTCP).34

Line probe assay (LPA) is another WHO approved rapid

diagnostic molecular test. It is used among smear positive

presumptive DR-TB cases for diagnosing DR-TB in reference

centers. Line probe assay (Genotype MTBDRplus) was intro-

duced in the programme in 2011.35,36 Methodology is based on

nucleic acid amplification directly from specimens, permit-

ting rapid detection of mutations in genes coding for resis-

tance to rifampicin (RIF) and isoniazid (INH) in turnaround

time of 5 days. Limit of detection of MTB by LPA is around

10,000 bacilli/ml, hence is used among smear positive pul-

monary samples or cultures positive for MTB.26 Test showed

high sensitivity and specificity for detection of RIF resistance

of 98.1 per cent (95% CI 95.9e99.1) and 98.7 per cent (95% CI

97.3e99.4%), in comparison with conventional susceptibility

testing. However, comparably, sensitivity was low for INH at

83.3%, which is in accordance to most other studies - 84.3 per

cent (95% CI 76.6e89.8), though specificity remaining above

95%.26 In one of the initial Indian study from New Delhi,

sensitivity, specificity, positive and negative predictive values

for detection of RIF resistance by Genotype MTBDR plus was

found to be 97.6%, 94.4%, 97.6% and 94.4% respectively. While
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sensitivity and specificity for INH resistance was found to be

83.3% and 93.8% respectively.37

Limited studies have been done to ascertain role of LPA in

pediatric cases, as they are mostly pauci-bacillary.35,38,39 In

one study from North India, 208 pediatric patients were sub-

jected to LPA; 193 smear positive and 15 cultures. In all 15

cultures & 183 (94.8%) of smear positive sputum, MTB was

detected. Test provided information about drug resistance

pattern, as high MDR-TB rate of 24.7% was detected.35 Ac-

cording to the current integrated aldorithm, all patients

diagnosed as RS or RR on CBNAAT must be subjected to both

First line LPA (FL LPA) and Second LPA (SL LPA).19

GenoType MTBDRsl was introduced in the programme in

2017, for detection of resistance to second line anti-tubercular

agents, by detecting mutations within gyrA & gyrB genes, it

detects resistance to FQ, while rrs gene detect resistance to

kanamycin, capreomycin and amikacin while and eis gene

detects low level resistance to kanamycin.19 In an interna-

tional study, sensitivity and specificity of GenoType MTBDRsl

VER 2.0 for FQ resistance detection was found to be 100% (95%

confidence interval [CI] 95.8e100%) and 98.9% (95% CI,

96.1e99.9%) respectively. For second line injectables, sensi-

tivity and specificity reported was 89.2% (95% CI, 79.1e95.6%)

and 98.5% (95% CI, 95.7e99.7%) respectively.40

Conventional solid culture on Lowenstein Jenson is

another technique which has been used for TB diagnosis for

long time, which could give positive result in 4e5 weeks or

more. Detection ofMycobacterium tuberculosis (MTB) by culture

has higher sensitivity with detection of as low as 100 bacilli

per ml of sample.19

The BACTEC Mycobacterial Growth Indicator Tube (MGIT)

960 system is a fully automated, high capacity, non-

radiometric, noninvasive instrument, which was introduced

in last decade. To monitor microbial growth, the BACTEC

MGIT 960 uses the oxygen-quenching fluorescent sensor

technology, which facilitates early detection of the MTB

growth. There is ample evidence to demonstrate thatMGIT960

has better sensitivity, specificity & lesser times to detection

(TTD) than conventional LJ medium25,41e43

In one of the initial large multi-centric study from USA,

3330 specimenswere studied,which included 2210 respiratory

and 1120 nonrespiratory specimens, collected from 2346 pa-

tients treated at six sites. Total of 360 MTB were isolated

among which 80% were isolated in MGIT which was much

more than solid LJ culture (69%). The mean time to detection

(TTD) for MTB were 14.4 days for BACTEC MGIT, much lesser

than 24.1 days for solid media. The contamination rate found

in BACTEC MGIT 960 was 8.1% (range, 1.8e14.6%).41 Subse-

quent studies also confirmed the better sensitivity & speci-

ficity & shorter time to detection for MGIT 960 as compared to

solid media. In another meta-analysis of 10 studies from Italy

in 2004 (1381 strains from 14,745 clinical specimens), average

sensitivity and specificity in detecting Mycobacteria was

found to be 81.5% and 99.6% respectively.25

In a latest study from China, MGIT detected MTB signifi-

cantly more than L-J culture from the 565 sputum samples.

Considering any positive as reference, sensitivity of MGIT960

system and L-J methods was 94%, and 74%, respectively.42

In an Indian study in 2005e2007, 14,597 specimens were

processed using theMGIT 960 system and L.J medium. Total of

6143 (42%) isolates were positive for MTB by either method.

Positivity using MGIT960 was 41%, which was almost double

of LJ (24%). Mean TTTD in smear-positive specimens for MGIT

960, and LJ was 9 and 38 days whereas in smear negative

specimens, it was 16 and 48 days respectively.43

Very few studies based on MGIT have been conducted

exclusively in pediatric population. In a study from USA con-

ducted among 118 children with presumptive TB, 8 (7%) were

culture-positive from at least one specimen; Of the 8 positive

cultures, isolation rate from induced sputum, GA, blood and

urine was found to be 88%, 83%, 38% and 43% respectively.44

Therefore, MGIT culture was introduced in the National

programme in last decade and subsequently many certified

culture and sensitivity laboratories have been established

across the country by central TB.

Division (CTD) supported by FIND, India (Foundation of

Innovative Diagnostics). It was recommended to perform in

cases of suspected drug resistance found to be smear negative

and in follow up cases on patients on MDR-TB treatment.

However, it is essential to first grow MTB followed by sus-

ceptibility testing. Besides, all drugs tested by molecular

methods can be tested by culture based methods Currently

culture is utilized for long-term follow-up of patients on drug

resistant TB treatment and helps to detect early recurrence in

both drug sensitive and drug-resistant TB also. As per the

programme algorithm, any strain, found to have mutations in

any of gyrA, gyrB, rrs or eis gene are considered for phenotypic

susceptibility to MGIT to high dose moxifloxacin (Mfx 1.0),

kanamycin (Km), Capreomycin (Cm), Linezolid (Lzd). In cases

as required, additional susceptibility to ethionamide (Eth),

ethambutol (E), para-amino salicylic PAS, clofazamine (Cfz) is

also put in MGIT based on request.19 Susceptibility to beda-

quiline (Bdq) is being validated at various centers in the

country and will be initiated soon.

Many working groups globally have been designing novel

platforms for better TB detection & on varied samples. In one

study, stool was evaluated as an alternative to sputum for TB

detection in children using the TruTip workstation novel

automated lysis and extraction platform.45

Cepheid has launched new cartridge of Gene Ultra. Initial

studies have shown that sensitivity of Xpert Ultra and Xpert is

63% and 46%, respectively, for smear-negative and culture-

positive sputum, thus difference being 17% (95% CI 10 to

24).46 In study by Nicol et al, of 76 microbiologically-confirmed

TB cases using a composite reference standard of positive

sputum Xpert, Ultra, or culture, sensitivity of Ultra was 74%

compared to sensitivity of Xpert (63%), thus showing an in-

cremental benefit of 11%. Specificity of Ultrawas 97% (225/233,

95%CI 93e99), slightly lower than Xpert.47 Introduction of

Xpert ultra will further increase TB detection rate in pediatric

population. Another indigenous technology of TrueNAT

(Molbio diagnostics) has been launched, which is very similar

in accuracy and ease of performance to Xpert.48 The validation

of TrueNAT in pediatric population is already underway and

awaiting result analysis.

To conclude, thus in a span of about 10 years, TB di-

agnostics have improved significantly with the introduction of

highly sensitive, simple and rapid molecular techniques

especially Xpert, which has gradually replaced the low

sensitivity ZN smear microscopy for TB diagnosis. Besides
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Xpert, LPA and MGIT provide susceptibility to various anti-

tubercular drugs which have been adopted by the national

TB control programme as it has moved towards universal

susceptibility testing. Currently, several researches are being

conducted in different countries to design better serological

and molecular tests for early detection of TB and drug resis-

tance. Future of TB diagnostics promises more affordable

technologies aiming at timely early diagnosis and point of

care testing at field level.

Diagnosis of pulmonary TB (PTB) in presumptive TB is

based on a combination of definite symptoms and signs,

contact with an infectious case, a positive mantoux/TST (tu-

berculin skin test), a suggestive CxR 10e12 These perlude

microbiological confirmation by WHO approved Rapid Diag-

nostic Tests (WRDT)on sputum or alternative specimens

(GA,IS,BAL) depending on age of the patient and availability in

the hospital setting.13,14 Ruling out alternative diagnosis also

becomes important in patients with negative WRDTs.

Although disease is usually paucibacillary in children and

sample collection is difficult but children of all ages do have

bacilli in their biological specimens and an attempt should

always be made to demonstrate the M. tb. 7e9 Advances in TB

diagnostics using WHO approved Rapid Diagnostic Tests

(WRDT) include Cartridge Based Nucleic Acid Amplification

Test (CBNAAT) Xpert MTB/RIF™or Gene Xpert, Line Probe

Assay and Liquid culture and Mycobacterial Growth indicator

tubes (MGIT).14,15 These tests have a higher sensitivity,

specificity and a faster turn around time than the conven-

tional smear microscopy and solid (LJ) culture. WRDTs are

used as priority in diagnosing TB children among presumptive

TB cases under the programme. These tools help in labeling a

presumptive TB child as either microbiologically confirmed or

clinically diagnosed TB. Clinically diagnosed TB includes both

probable and possible TB cases, where bacteriological confir-

mation fails despite using WRDTs and pediatric diagnostic

algorithm followed for these presumptives. Therefore, despite

these newer WRDTs, which have limited sensitivity in chil-

dren, clinicians often face diagnostic dilemmas.
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a b s t r a c t

Background: Ending the TB epidemic by 2030 is among the key targets for countries to

achieve Sustainable Development Goals. In current times we are grappling with dual

burden of tuberculosis as well as tobacco use.

Methods: There is sufficient evidence to establish that tobacco smoking significantly spikes

up the risk of acquiring, developing and death among tuberculosis patients. Active or

passive exposure to tobacco smoke is significantly associated with tuberculosis infection

and tuberculosis disease, independent of a large number of other potential confounders.

Results: Despite having substantial evidence about the impact of tobacco control measures,

particularly tobacco cessation, on TB outcomes, the integration of TB and tobacco control

still remains far-off.

Conclusion: It is high time when TB control programs must begin to address tobacco control

as a potential preventive intervention to combat colliding epidemics of tobacco and

tuberculosis. This white paper discusses about the role of tobacco control in reaching the

ambitious goal of ending TB epidemic by 2030.

© 2019 Published by Elsevier B.V. on behalf of Tuberculosis Association of India.

1. Executive summary

Ending the TB epidemic by 2030 is among the key targets for

countries to achieve Sustainable Development Goals. In cur-

rent times we are grappling with dual burden of tuberculosis

as well as tobacco use and there is sufficient evidence to

establish that tobacco smoking significantly spikes up the risk

of acquiring, developing and death among tuberculosis pa-

tients. Despite having substantial evidence about the impact

of tobacco control measures, particularly tobacco cessation,

on TB outcomes, the integration of TB and tobacco control still

remains far-off. This white paper discusses about the role of

tobacco control in reaching the ambitious goal of ending TB

epidemic by 2030.
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2. Tuberculosis

Tuberculosis is still the leading cause of death from a single

infectious pathogen attributing directly to around 1.5 million

deaths annually. Additionally, about a quarter of population is

infected with M. tuberculosis and thus at risk of developing TB

disease.1 Though the disease burden caused by TB is falling in

all WHO regions, but it is not fast enough to reach the first

(2020) milestone of the End TB Strategy.2 As compared to the

desired (2020) fall in TB incidence rate (new cases per 100 000

population per year) at 4e5% per year, and the case fatality

ratio (proportion of people with TB who die from the disease)

at 10% per year, the current rate of decline are 2% and 3% per

year respectively. For most countries (especially lower-middle

income), however, the “end” of TB as an epidemic and major

public health problem in the foreseeable future remains an

aspiration rather than a reality.2,3

3. Tobacco use

Tobacco use kills over 8 million people each year globally, out

of which, more than 7 million are the result of direct tobacco

use while around 1.2 million are the result of non-smokers

being exposed to second-hand smoke. It is estimated that

around 100 million died prematurely by tobacco in 20th Cen-

tury.4 The total economic cost of smoking (from health ex-

penditures and productivity losses together) globally are

estimated to be around USD 1.4 trillion per year, equivalent in

magnitude to 1.8% of the world's annual GDP. Almost 40% of

this cost was incurred in developing countries, highlighting

it's substantial burden these countries.5,6

4. Association betweenTB andTobacco

Systematic reviews and meta-analysis have produced signif-

icant evidence that active smoking increases the likelihood of

acquiring, developing and dying from a TB infection and

developing recurrent tuberculosis.7e9 Active or passive expo-

sure to tobacco smoke is significantly associated with tuber-

culosis infection and tuberculosis disease, independent of the

effects of alcohol use, socioeconomic status and a large

number of other potential confounders.10 Smoking increases

the risk of TB disease by more than two-and-a-half times.

More than 20% of global TB incidence may be attributable to

smoking, accounting for around 3 million new TB cases.9,11

Smokers with tuberculosis had a more severe clinical and

radiological presentation, more frequent sputum positivity at

presentation and after 2 months of treatment, a lower rate of

success, and higher relapse rate. Further, exposure to tobacco

smoke increases the risk of latent TB infection, culture con-

version, cavitary disease, and transmission of disease.12

Smoking can mask TB related symptoms and thus lead to

delayed diagnosis, more critical TB conditions and high mor-

tality rates.13,14 Further, Second Hand Smoke (SHS) also in-

creases the risk of acquiring infection (RR-1.19) and

progression to TB disease (RR-1.59), with high TB burden re-

ported in the countries with increasing SHS exposure.15,16

Research has also shown that 50% of deaths from TB among

Indian men were attributed to smoking,17 which costs India's
economy three times its tuberculosis budget. Also, surplus

deaths occur among smokers due to tuberculosis as compared

with nonsmokers, among both men (risk ratio, 2.3; 99% CI, 2.1

to 2.6) andwomen (risk ratio, 3.0; 99% CI, 2.4 to 3.9).18 Smoking

is predicted to cause an excess of 18 million TB cases and 40

million deaths from tuberculosis between 2010 and 2050, if the

current smoking trends continue.19e22 Smokers who quit

reduce both their risk of becoming infected with TB and

thereafter dying from it.23 World Health Organization re-

ported that TB rates could decline by as much as 20% if

smoking was eliminated.24 Vigorous tobacco control that re-

sults in a 1 percent drop annually in a country's smoking rates

could substantially reduce the toll of TB deaths by almost 27

million by 2050.22 Despite the strong evidence of the effect of

tobacco control measures and tobacco cessation, the inte-

gration of TB and tobacco control remains elusive.

Exposure to tobacco smoke impairs the phagocytic func-

tion of alveolar macrophages and damages cilia in the air-

ways, whichmight increase host susceptibility to TB infection.

It also causes altered immune response and multiple defects

in immune cells such as macrophages, monocytes and CD4

lymphocytes, which predispose the individual to high risk of

TB infection (establishing biological plausibility).37

5. Global policies for jointTB-Tobacco
activities

� In 2005, WHO Tobacco Free Initiative and WHO Stop TB

program, in collaboration with The Union, developed a

policy paper for successful integration of tobacco control

into TB control program through a practical approach to

lung health, a component of Stop TB strategy.25

� A WHO-The Union monograph on TB and Tobacco (2007)

recommends assessment of tobacco use and tobacco

cessation services routinely for all diagnosed TB patients

for improving clinical outcomes.

� In 2008 and then in 2010, The Union published guidelines

on “Smoking Cessation and Smoke free environments for

tuberculosis patients” which addresses the association

between tobacco smoke and tuberculosis and offers rec-

ommendations for health service providers who want to

help their patients with TB to stop using tobacco.17

� In 2013, the World Health Assembly passed a resolution to

approve the End TB Strategy, which was based upon three

pillars, one of which calls for integrated, patient-centred

care and prevention. This provides an opportune plat-

form to align the efforts against two global epidemics

simultaneously, tobacco and TB.26

� Pilot studies integrating brief advice for tobacco cessation

in TB patients that have been implemented in Bangladesh,

India and Indonesia, which demonstrated that this inter-

vention can be effective (refer to Case Study-1 & 2). India

has since developed a Joint TB-Tobacco Collaborative

Framework, and is implementing the same through its

NationalTB and Tobacco Control Programs.27

� TB and Tobacco Consortium in South Asia used “capability,

opportunity, and motivation as determinants of behaviour”
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(COM-B) framework to understand any issues facing health

worker delivery of behaviour support, and subsequently

developed a training package for healthworkers of LMICs for

tobacco cessation support among tuberculosis patients.28

� South-East Asia's Regional Response Plan for Integration of

TB and Tobacco 2017e2021 reiterates its Member States to

implement cost-effective cessation services through TB

programs and screen tobacco users for TB.29 All 11 countries

in the South- East Asia Region have a national TB program

integrated into primary health care delivery systems to

which a cessation service component could be added.

� Through Framework Convention on Tobacco Control (FCTC)

2030, the convention secretariat has partnered with the

United Nations Development Programme (UNDP) to incor-

porate tobacco cessation activities into grants from The

Global Fund to Fight AIDS, Tuberculosis and Malaria.30 The

partnership is based upon the successful case studies about

how tobacco consumption worsens tuberculosis and HIV

outcomes, and how the integration of tobacco control into

these grants could increase health benefits and efficiencies.

6. Case study- 1

Health system changes for integration of tobacco cessation

within routine TB services: achievements in Pakistan,

Bangladesh and Nepal(TB and Tobacco Consortium, August

2019) TB and Tobacco Consortium, in close collaboration with

the national TB programs (NTP) in Pakistan, Nepal and

Bangladesh identified key health system barriers to the inte-

gration of behaviour support for tobacco cessationwithin NTP

In all three countries, they found there was little mention of

tobacco within policies and supervision guidelines, health

workers did not see tobacco cessation as part of their job and

with no training, did not feel confident to support their pa-

tients to quit. The team identified strategic health system

changes to overcome the identified barriers, namely: a) policy

change; b)training of NTP officers as trainers and then rolling

out of a brief training for health workers using videos freely

available from tbandtobacco.org along with all the tobacco

cessation behaviour support materials c) revision of training

manuals and supervision guidelines to include monitoring of

provision of cessation and importantly, d) the inclusion of

three key indicators within existing, routineTB recording and

reporting forms: i) tobacco status at registration,ii) advice

given andiii) stats/quit at the 6months at the end of treatment

In Pakistan, the National Guideline for the Control of Tuber-

culosis (August 2019) has been revised to include tobacco

cessation as a core part of the service to be delivered to TB

patients. They were able to train 17 trainers in a short 6-hour

training session who then went on to train 115 TB health

workers from 59 TB clinics and distribute the behaviour sup-

port materials. In similar fashion, a training of trainers event

was held to develop a cadre of NTP officers inNepal and

Bangladeshwhichwere able to train TBhealthworkers in their

districts. NTP Nepal has now included the component of TB

andTobacco in its BasicTBManagementTrainingManualwith

revised indicators for tobacco. Following training, consortium

researchers assessed the healthworkers' confidence to deliver

cessation in each country using a validated questionnaire.

They found that health worker confidence increased in all

three countries to an average of 86% confident to deliver

cessation behaviour support in Pakistan, 99% in Bangladesh

and 81% in Nepal. The valuable lessons learnt were:

� Recording and reporting is key: including the three tobacco

indicators within the existing TB forms serves two impor-

tant purposes: i) it reminds health workers to ask about

tobacco use and ii) allows managers to monitor imple-

mentation. Integration of the three tobacco indicators

within new TB electronic patient records such as HMIS/

DHIS2 will be an important step forward.

� Keep it simple: from an initial 30-minute behaviour support

consultation, the Consortium has reduced the flipbook-led

consultation to only 8 minutes, including key TB manage-

ment messages as well as simple support for tobacco

cessation.

� A brief session of a couple of hours delivered by the TB

program's own staff can increase confidence to deliver

cessation.

� Incorporating a tobacco cessation guide for health workers

in NTP training manuals and supervision checklist helps

institutionalization and scale-up of tobacco cessation

practices in routine NTP services.

7. Case study- 2

Effect of a brief smoking cessation intervention on adult to-

bacco smokers with pulmonary tuberculosis (Goel S. et al,

2017).38

A 2- arm parallel cluster, randomized controlled trial with

an objective to assess the effectiveness of a brief Smoking

Cessation Intervention (SCI) the Ask, Brief, Cessation support

(ABC) package, on treatment outcomes and smoking cessa-

tion in smear positive adult pulmonary TB patients was

conducted at 17 designated microscopic centers of Chandi-

garh, India. These microscopic centres were randomly

assigned using a computer generated randomization

sequence to receive SCI within directly observed treatment,

short (DOTS) services, or existing standard of care. Eligible

and consenting smokers (15 þ years) registered as smear

positive pulmonary TB for DOTS (n ¼ 156) between January

and June 2013 were enrolled. Smoking cessation (self re-

ported) was assessed at intervals till the end of treatment.

End TB treatment outcomes were extracted from patient re-

cords. This trial concluded that smoking cessation inter-

vention is effective in inducing smoking cessation among TB

patients (adjusted incidence risk ratio ¼ 1.56; 95% confidence

interval ¼ 1.24e1.93; P < 0.0001).

8. Suggestive strategies of integration

Several integration options can be considered between TB and

tobacco control programs. They can be further divided into

policy level and implementation level.
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8.1. Policy level

At the level of policy development, there should be a joint

effort for:

� Developing joint legislation and strategies for tacking both

diseases under a broader umbrella like Universal Health

Coverage.

� Developing technical and operational guidelines for TB-

tobacco integration.

� Setting joint planning and monitoring indicators within

both programs.

� Establishing a joint coordinating mechanism between

tuberculosis control and tobacco control activities at

various levels of implementation for alignment of strate-

gies and service delivery. For example- A coordination

committee consisting of TB and tobacco control program

officers should be formed at each level to ensure imple-

mentation of joint collaborative activities. Similarly, TB

Officer should be included as a member in the existing

Coordination Committee of NTCP and vice-versa.

� Advocating for high taxation on tobacco products for

financing tobacco and TB control programs

8.2. Implementation level

At implementation level, there should be an effective coordi-

nation for:

1. Establishing a continuum of care and support for TB pa-

tients (in TB clinics) whowish to quit smoking by providing

enabling and supportive environment, where health

workers and specialists record history of tobacco use (and

any exposure to secondhand smoke) on routine TB

reporting forms along with provision of brief customized

advice on quitting and ensuring that health care facilities

are strictly smoke-free. Further, pharmacological in-

terventions may support patients to quit in settings where

they are affordable. DOTS care providers should be trained

on “Brief Advice” to TB patients who are tobacco users. The

cured patients should be warned that starting smoking

again would pose a risk of re-infection and disease31

2. Formulating a bi-directional screening mechanism where

TB patients are screened for tobacco use and visa versa

(screening tobacco users for TB symptoms) which shall be

followed with appropriate referral mechanism.

3. Conduction of joint training programs for capacity building

of personals under RNTCP and NTCP where, they will be

sensitized through a standard common curriculum, about

the importance of collective management of both TB and

tobacco cessation.

4. Joint IEC activities including designing of IEC material,

campaigns that support both men and women to quit all

forms of tobacco should be planned.

5. Standardized common and integrated reporting mecha-

nism for both programs should be formulatedwith tobacco

indicators in TB report forms, and TB indicators or tobacco

program forms.

6. Public private partnership through active involvement of

all stakeholders should be advocated for increased pene-

tration in the community.

9. Concluding statement

There is a huge untapped opportunity for greater integration

between two national programs for mutual benefit and

resource optimization.39 Considering very few smoking

cessation interventions for pulmonary TB treatment outcome

globally, more research should be conducted in this area.40 It

is high time when TB control programs must begin to address

tobacco control as a potential preventive intervention to

combat colliding epidemics of tobacco and tuberculosis.
32 A successful trialing of tobacco cessation treatments in

conjunction with TB and respiratory health programs33 will

provide a basis for extending them to other health programs

like NCD programs, oral health programs,34 HIV/AIDS pro-

grams,35 mental health programs, and programs addressing

the needs of women's, children's and adolescents' health.36

Incorporating brief advice into existing health care programs

has the potential to reach more than 80% of all tobacco users

in a country each year if delivered routinely and widely across

a health care system.36

Given the evidence base, this integration can pave the way

for ending TB emergency and attaining ambitious goal of

ending TB by 2030.
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