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a b s t r a c t

In spite of the elaborate diagnostic modalities available in India, there are certain short-

comings which will affect patient management. In order to address the gaps, NTEP offers

scope for whole genome sequencing at few of its reference laboratories. Next generation

sequencing comprising of whole genome sequencing (WGS) and targeted next generation

sequencing (tNGS) are upcoming fields in TB diagnosis In a programmatic setting, tNGS

offers great promise for smear positive or NAAT positive samples to be used with a Minion

platform in a field setting beyond just the National reference laboratories. Once materi-

alised, the tNGS would offer personalised patient management as well as help in public

health by identification of outbreaks, transmission chain monitoring and drug resistance

surveillance.

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

End-TB strategy envisaged a reduction in TB deaths by 35% in

2020 though only a quarter to expect 9.2% drop in TB deaths

was achieved between 2015 and 2020. COVID pandemic

resulted in reduced TB notifications in India, a country with

high burden TB accounting for a 41% drop, the highest among

overall global drop in year 2020. WHO released a list of 30 high

burden countries worldwide for TB, HIV-TB and MDR/RR-TB

cases, where India is listed in all three categories that war-

rants need for improved diagnosis and clinical management.1

TB diagnosis algorithm in India followed under the National

TB Elimination program offers upfront Nucleic acid amplifi-

cation testing (NAAT) for confirmation of presumptive TB,

with molecular diagnosis slowly replacing the conventional

microscopy. Following TB detection, the samples are tested by

line probe assay (GenoType MTBDRplus and GenoType

MTBDRsl) to detect any resistance to first- and second-line

drugs. Upon detection of resistance, drug susceptibility

testing for pyrazinamide (Z), moxifloxacin (MFX), bedaquiline

(BDQ), delamanid (DLM), clofazimine (CFZ) and linezolid (LZD)

is performed. The turnaround time (TAT) for NAAT is 2 hours
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and LPA is 3 days while the TAT for DST is variable and ranges

from 4 to 8 weeks (including primary culture).2

In spite of the elaborate diagnostic modalities available in

India, there are certain shortcomings which will affect patient

management. Few key issues include delay in sample trans-

portation, significant delay in obtaining DST results which

affect patients who are resistant to drugs like Z, BDQ, DLM,

CFZ and LZD, lack of trained professionals to perform the test

and External Quality Assurance for DST of newer drugs, cer-

tification for newer drug DST across NTEP laboratories leading

to lack of DST results, and lastly discordance between mo-

lecular and phenotypic tests which needs to be addressed

sooner at least for fluoroquinolones.

In order to address the gaps, NTEP offers scope for whole

genome sequencing at few of its reference laboratories. Next

generation sequencing comprising of whole genome

sequencing (WGS) and targeted next generation sequencing

(tNGS) are upcoming fields in TB diagnosis.2,3

Although WGS from clinical isolates have been reported

earlier, it is complicated, time consuming and less cost

effective compared to tNGS. WGS is preferred from cultures

over direct sputum owing to the requirement of high-quality

DNA.3 Illumina platform is a well-established protocol for

Mycobacterium tuberculosis WGS while Oxford Nanopore tech-

nology offers cost effective, simple and portable solution.

Upon evaluation in comparison to Illumina Miseq platform,

Minion nanopore based technology showed good genotypic

and phenotypic resistance analysis similar to Miseq (pheno-

typic resistance agreement between the two was 98.1% for

first line drugs, fluoroquinolones and second line injectables).

Minion and Miseq had 96% and 96.2% concordance with

phenotypic DST for drug resistance prediction. Both had

similar TAT of 2e4 days and considered suitable in clinical

setting for use in public health.4 The accuracy of mutation

prediction is much superior in Miseq thanMinion duringWGS

though more evaluation studies are required to comprehend

the same.5 No studies have yet evaluated the mutation pre-

dictions of both platforms for the newer and repurposed drugs

like BDQ, DLM, CFZ and LZD. Besides, mutations pertaining to

newer drugs need to be better defined in terms of their sig-

nificance to drug resistance.6 Although Nanopore technology

has eased the utility of WGS, it is not yet ideal for routine use

of TB diagnosis. Besides, requirement of culture positive

samples is still a drawback for use of WGS in rapid diagnosis

either with MiSeq or Nanopore.

Recently, targeted NGS gained impetus for M. tuberculosis

drug resistance. WGS has some major limitations like capital

cost, requirement of sophisticated infrastructure, expertise

and culture positivity which are overcome by targeted NGS for

TB diagnosis. Previous studies had developed amplicon

sequencing of specific drug resistance genes (Next Gen-RDST

assay) which could help in targeted NGS for prediction of

drug resistance with 97% and concordance with phenotypic

DST using a MiSeq platform. Further evaluation with latest

Fig. 1 e SWOT analysis for evaluation and strategic planning of use of portable tNGS for TB diagnosis in programmatic

setting.
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iSeq platform in comparison to the Miseq yielded 99.6%

agreement with the Miseq SNP predictions.7 Deeplex Myc-TB,

a tNGS kit developed by Genoscreen has gained lot of atten-

tion worldwide for its use with direct smear or NAAT positive

uncultured sputum sample and screening for 18 drug resis-

tance genes ofM. tuberculosis including some of the newer and

repurposed drug. When assessed on a MiSeq platform, the

overall sensitivity and specificity of the kit for all drug resis-

tance genes were 84% and 100% as compared to phenotypic

DST.8 The samewhen evaluated in aMiniSeq andNextSeq 500

platform gave 96.7% concordance with phenotypic DST for

first line drugs, 67% for FQs and 100% for second line inject-

ables. Smear positive samples (all positive grades of 1þ, 2þ
and 3þ) yielded complete resistance predictions.9 Another

study compared the effectiveness of tNGS in MiniSeq and

Nanopore Minion system where the read quality, mapping

data and variant calls were similar with composite reference

coverage of 99% and full concordance on genotypic analysis

and resistance prediction. Though the raw error rates were bit

higher with Minion, the study does establish the use of

Deeplex Myc-TB kit with a Minion platform.10 A single tube

multiplex PCR based on Deeplex Myc-TB and performed in

house using both platforms for 9 drug resistance and 2 phy-

logeny determining regions showed strong concordance be-

tween MiSeq and Minion thus offering great promise for

customized tNGS.11

Overall, tNGS has advantages over currently used LPA

albeit with comparable TAT of 3 days by providing informa-

tion on drug resistance of all TB drugs (including Z, BDQ, DLM,

LZD, CFZ which are not currently covered by LPA) as well as

strain lineage. Compared to WGS, tNGS in a Minion platform

offers advantage of ease of operation, portability, lower in-

strument cost, reuse of flow cell, reduction in TAT to 3 days

due to use of direct sputum compared to isolates in WGS,

simpler bioinformatics platform and data storage that offers

great promise in detection of drug resistance upon imple-

mentation of tNGS to field setting. Apart from drug resistance

prediction, tNGS could provide information on hetero-

resistance, mixed infections and lineage. In addition to indi-

vidualised patient treatment, tNGS could help public health

professionals by providing information on cluster outbreaks,

transmission dynamics, relapse or reinfection in addition to

drug resistance surveillance. Further, evaluation of direct use

of DNA extracted for TrueNAT with tNGS could ease the

operation and transportation offering scope to continue the

present diagnostic algorithm with minimal changes. Imple-

mentation of tNGS in field setting is still challenging (Fig. 1) in

terms of initial investment, data management and security,

training requirements and skill development posing tremen-

dous preparation in the programme.

In conclusion.

1. In a programmatic setting, tNGS offers great promise for

smear positive or NAAT positive samples to be used with a

Minion platform in a field setting beyond just the National

reference laboratories.

2. Development of a nationwide drug resistance user friendly

pipeline for use in NTEP could help predict drug resistance

better in a high burden country like India.

3. Once materialised, the tNGS would offer personalised pa-

tient management as well as help in public health by

identification of outbreaks, transmission chain monitoring

and drug resistance surveillance.

4. tNGS can be used in different platforms and any discrep-

ancies from field could be resolvedwith Illumina platforms

in National Reference Laboratories.
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National TB elimination programs mainly focus on TB elimination through the microbio-

logical approach of early diagnosis and treatment and thereby curtailing the transmission

of the disease. But looking back, it is observed that despite this approach and various

advances in research made in this front, lives are still lost due to TB. Various voices in the

past have attempted to showcase the importance of socioeconomic and psychological

factors that contribute to the disease causation. This oration was to highlight that we need

to look at social determinants of disease causation in TB and to create a roadmap

addressing these determinants for eliminating TB in the future. The various attempts being

made in NTEP program to address these social issues are also highlighted.

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

My narration is on Tuberculosis control: Looking beyond

Chemotherapy.

Looking back, I remember my post graduate days in

JIPMER, when we used to counsel TB patients for three days

on the disease causation and transmission, drugs and side

effects and importance of good nutrition and treatment

adherence before starting them on ATT. This system devel-

oped by Prof. Arora sir, long before the advent of DOTS, led to

high success rate and low rates of lost to follow up. Being a

doctor is not just about writing a prescription for a diseased

person but involves looking beyond chemotherapy at the

social, economic, and psychological factors that led to the

disease in the first place and addressing these issues for a

holistic cure.

1. End TB strategy and gains made so far

WHO adapted the End TB strategy in 2014 with a bold vision of

“Aworld free of Tuberculosis, zero deaths, disease and suffering due

to TB” with the goal of ending the world TB epidemic. The

main targets are 95% reduction in TB deaths in 2035, 90%

reduction in TB incidence rates compared to 2015 and zero

families having catastrophic costs due to TB by 2035.1

There has been a paradigm shift from TB control to TB

elimination.

TB control is a strategy aimed at cutting down the trans-

mission of disease by early diagnosis and treatment, in order

to break the chain of transmission. TB elimination strategy

widens the control strategy by identifying and treating latent

TB cases from where future cases are generated thereby pre-

venting the emergence of new cases.2

TB elimination, defined as less than one TB case permillion

population, is a scenario where the prevalence is so low that it

ceases to be a public health problem.2

According to WHO,1 the current rate of decline of TB is

1.5% per year. Optimising use of current and new tools,

pursuing univeral health care and social protection mea-

sures can lead to about 5% decline in prevalence per year. To

E-mail address: drvinodkumar76@gmail.com.
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achieve the targets of TB elimination by 2035, newer tools

including vaccines, newer prophylaxis and treatment regi-

mens and point of care testing will be required to achieve the

decline of 17% needed to meet the targets.

The National Strategic plan (2017e25) for ending TB has

framed appropriate strategies under four pillars based on the

foundations of “universal coverage” and “social protection”.

“Prevent e Detect e Treat e Build”

Preventive strategies for treatment of Latent TB infection

have been introduced in NTEP. Focus on earlier diagnosis

using molecular diagnostics like Xpert Mtb/XDR, TRUNAT,

next generation sequencing are being introduced. DRTB

treatment guidelines have been updated and focus is on all

oral shorter DRTB regimen wherever feasible.3

The TB pipeline report 2021,4 gives insights into new ave-

nues of research being undertaken to achieve the global goal

of TB elimination. Various preventive strategies including

trials on newer vaccines and treatment of LTBI, newer diag-

nostic tools for earlier TB diagnosis and universal drug sus-

ceptibility testing are in vogue. Newer diagnostics tools for

LTBI like TBST, Newer molecular diagnostics like Xpert MTb/

XDR, focus on incipient and subclinical TB using computer

aided diagnostics, POCUS, POC testing are being investigated.

Various clinical trials to shorten treatment; make it all-oral;

optimize drug doses, combinations, and duration; minimize

toxicities; and expand treatment indications are being

undertaken.

2. Fatality as a disease outcome indicator

Robert Koch in his publication in 1882, after announcing the

discovery of TB bacilli to the world, observed that “If the

importance of a disease is measured from the number of fatalities

which are due to it, then tuberculosis must be considered much more

important than those most feared infectious diseases, plague,

cholera, and the like. Statistics have shown that 1/7 of all humans

die of tuberculosis …”

In our institution, Government hospital of Thoracic Medi-

cine (GHTM), Tambaram sanatorium we had analyzed the

cause of TB mortality in 2016 and 2020.5 These deaths were

among approximately 5000 TB cases admitted in the institu-

tion in those years. Most of the deaths (>80%) in both these

years were in males in the economically productive age group

of 20e60 years. More than 70% of these deaths were in sputum

positive Pulmonary TB cases with 60% of these cases being

newly diagnosed with no prior exposure to Anti TB treatment.

The commonest comorbidities observed were Diabetes mel-

litus and HIV in 30% of patients. In more than 60% of cases it

was observed that death was due to respiratory failure and

within a week of diagnosis. 90% of deaths were in Drug sen-

sitive TB cases, 7% in MDR TB cases, 2% in INHmono resistant

TB cases and 1% in XDR TB.

These observations lead us towards the following

inferences.

� Most deaths were in males in productive age group

reflecting the socioeconomic burden of the disease

� Most deaths were in PTB and in sputum positive reflecting

transmission before the time of diagnosis

� Most common comorbidities DM and HIV indicating need

for better management of these comorbidities

� Most deaths were in newly diagnosed cases, within a week

of admission and respiratory failure indicating the delayed

diagnosis and loss of pulmonary reserve by the time the

diagnosis was made

� Most deaths in DSTB indicating a need to refocus on these

cases

More than 90% of TB deaths were observed to be in DSTB

than in DRTB which highlights the importance on earlier

diagnosis and appropriate treatment of these cases to bring

down the mortality and prevent the emergence of drug

resistant TB.

Many a young productive life of writers like Keats, George

Orwell, Thoreau, Kafka, Chekov, Scientists like Braille, Laen-

nec, Schrodinger, various statesmen and other personalities

have had their life cut short by Tuberculosis. The loss to

mankind is immeasurable for they had the potential to steer

the course of mankind.

Reflecting on the mortality data, makes us believe that

despite so many advances in various fronts on diagnosis and

treatment, there are factors other than chemotherapy that

must be addressed if we have to eliminate TB. Maybe it’s time

to step back and see the whole picture.

As the American author Jonathan Kellerman said, “Life is a

prism and what you see depends on how you turn the glass”.

Tuberculosis can be viewed as a disease caused by bacteria, or

it can be seen as a social disease, the causation of which lies in

the socioeconomic and psychological make up of an individ-

ual. If TB must be eliminated, it is vital that both these views

are accepted, and the disease seen beyond microbiological

factors and chemotherapy.

3. Social determinants of tuberculosis

“The past speaks to us in a thousand voices, warning and com-

forting, animating and stirring to action,” said Felix Adler.

In the past, various voices have spoken about the “Germ

Theory of Disease” versus the “Seed and Soil Theory” of disease.

While the germ theory envisages disease as a result of various

microbes, in TB this concept has led us towards using the

medical technique of early diagnosis and treatment for con-

trol of the disease. The seed soil theory emphasises that for

the seed to flourish the soilmust be conducive. For us itmeans

that the vulnerability of patients for TB is the soil onwhich the

seed, the TB bacilli, multiplies and grows. Understanding this

is vital while looking at TB elimination from a public health

point of view.

One such voice was that of Dr. David Chowry Muthu who

founded the Thambaram TB sanatorium in 1928. In his book

“Pulmonary Tuberculosis, its etiology and treatment’ pub-

lished first in 1921, he said “Cause of tuberculosis is not the

tubercle bacillus but that the state of the patient is brought

about by various social and economic conditions, by want of

fresh air, natural surroundings, sufficient food, by the

overwork and worry produced chiefly by the industrial

system ….“6
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Another voice was that of Jean Dubos whose book “The

white plague. Tuberculosis, man and the society” was first pub-

lished in 1952. Dubos debated that the discovery of TB bacilli

led us away from the concept of inherent susceptibility. Suc-

cess of chemotherapy was a therapeutic shortcut to disease

control and perceived a danger in scientific and social logic

that aims to treat the disease rather than modify the under-

lying cause of vulnerability. Dubos stressed in his book that it

was imperative to investigate the human and environmental

factors that determine resistance to infection and suggested

two ways to attack the progression of the disease, decreasing

risk of infection and boosting resistance.7

Dubos effectively argued that throughout the 20th century,

even before the introduction of effective chemotherapy, TB

incidence declined steadily in most industrialized countries

although it did increase temporarily during the two world

wars. The reasons for this decline in TB incidence were period

of economic growth, social reform, poverty reduction and

improved living conditions as well as important advances in

medicine and public health.7

Speaking of war, it leads to not only direct casualty but lot

of indirect casualty and disruption of health and health de-

livery services. Wars and armed conflicts are powerful public

health enemies that destroy basic medical infrastructure,

hinder health agendas, hamper immunization programs, and

cause significant shortages in healthcare workers and medi-

cines.8 The recent political events in Ukraine are a cause for

concern as Ukraine is a country with a high prevalence of

DRTB and disruption of health care services together with

large scale migration will have catastrophic consequences on

the global TB elimination programs. Covid pandemic has

taught us that in the era of globalization and international

travel, we can't afford to ignore events happening seemingly

far away from us.

Incidentally, Selman Walksman, the discoverer of Strep-

tomycin was born in Ukraine which makes me reflects how

many noble laurates and people who have the potential to

alter the history of humankind die as a result of unnecessary

armed conflicts. Men must be in peace to realize their full

potential.

WHO had set up a commission on social determinants of

health (CSDH) in 2005 for improving health by addressing the

“causes of the causes of ill health”. The key determinants for

this were.

- The inequitable distribution of TB among various nations

- Clustering of TB cases among disadvantaged groups such

as the poor, the hungry and ethnic minorities

- Growing awareness of social determinants of health in

other areas esp. HIV/AIDS.9

Broadly social determinants can be classified as down-

stream (providing clinical care), midstream (addressing in-

dividual's social needs) and upstream (improve community

conditions) determinants.10

The downstream and midstream determinants in TB are

addressed in various steps being taken in the program

including active case finding, airborne infection control, air

pollution reduction, tobacco cessation, better management

of comorbidities like HIV, DM, Malnutrition, and various

lung diseases. This serves to curtail the transmission of the

disease and addresses vulnerability issues like in HIV and

DM.

The National TB elimination programhas recognized these

social determinants and various strategies have been put in

place by the Central TB division. Steps taken include the

nutritional support program “Nikshay Poshan yojana”, Gender

responsive approach to TB, integrating Maternal and child

health services with the program to reduce maternal and in-

fant mortality due to TB, TB free workplace campaign and TB

forums to reach the unreached and support TB patients

through the treatment and recovery phase.

The best solution regarding the upstream determinants is

those envisaged by Dr. David Chowry Muthu in 1921.6

� Stop all wars andwar expenditure, reduce armaments, and

promote peace

� Reduce taxation, free imports, and exports, cheapen the

necessities of life

� Encourage industry, promote agriculture and small hold-

ings, so that people can live on fresh foods, carry out land

reform and land development

� Help to multiply garden cities and garden suburbs, clear

slums and build houses

4. In conclusion

� First, the sine qua non of TB care and control remains high

quality diagnostics and treatment

� Second, NTPs could strengthen collaboration with other

public health program to contribute to the prevention,

treatment and management of HIV, malnutrition, smok-

ing-related conditions, diabetes, and alcohol abuse.

� Third, and most challenging, interventions outside the

health sector will have to be strengthened

As Thiruvalluvar, the Tamil poet who lived in the first

century BC said

I wish to express my heartfelt gratitude to Prof. Arora sir

and TBAI for this award, Dr. Jaikishan sir and the organising

team of NATCON for inviting me here and Prof. Sridhar sir for

mentoring and moulding me.

I dedicate this oration, to our “Temple of Learning”, Gov-

ernment Hospital of Thoracic medicine, Tambaram sanato-

rium and to all those ever associated with the institution.
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Thank you for this opportunity.

Transcript of the Dr. S.N.Tripathi Memorial Oration deliv-

ered during 76th NATCON on 13.4.2022 by Prof. Vinod Kumar

Viswanathan
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Setting: Although the prevalence of tuberculosis (TB) is generally higher in urban areas than

in rural areas, coordination between the private and public sectors for TB control is weak.

Objective: To share experience from an urban DOTS program in five cities of Afghanistan.

Design: An urban DOTS project was designed in 2009 in Kabul, Afghanistan, and later

expanded to Kandahar, Jalalabad, Herat, Mazari-i-Sharif, and Paul-i-Khomri cities.

Results: In total, 57 public health facilities and 49 private facilities provided DOTS services in

the five cities from 2015 to 2018. A total of 28,542 (10.6%) adults (aged �15) screened were

diagnosed with TB (all forms). The private sector contributed 5,618 (19.7%) of those.

Positivity rates among presumptive TB cases in public facilities were 18.9%, 12.5%, 14.4%,

and 4.8% in 2015, 2016, 2017, and 2018, respectively. In private facilities, positivity rates

were 25.8%, 39.5%, and 27.4% in 2016, 2017, and 2018, respectively.

Conclusion: The private sector's contribution to case detection was very high and the TB

positivity rate among people screened in the private sector was high, which could be due to

more selective screening rather than all health facility visitors done by public health

facilities.

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

1. Introduction

With rapid urbanization of the world, we expect population

health to improve overall because people will have better

access to health services and infrastructure. However, other

factors, including overcrowding, proliferation of slums, and

lack of access to health services because of cost or cultural

factors, aggravate TB transmission in cities.1 In one European

study, the rate of TB in cities was two times higher than the

national notification rates.2 In many countries, the urban TB

burden is much higher than the rural one; for example, in

Bangladesh the prevalence of TB in urban areas was 334 per

100,000 population, while it was 274 per 100,000 in rural
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E-mail address: aziz4hamim@yahoo.com (A. Hamim).

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 r n a l o f t u b e r c u l o s i s 7 0 ( 2 0 2 3 ) 8e1 1

https://doi.org/10.1016/j.ijtb.2022.03.005
0019-5707/© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.



areas.3 In the same national survey of TB in Bangladesh, the

TB death rate was higher in urban areas, at 8.5% versus 4% in

rural areas.3 In a Kenyan national prevalence survey, the

urban TB prevalence rate was 760 per 100,000 population,

while rural TB prevalence was 453 per 100,000.4 In Pakistan,

the reverse is true: prevalence of TB in rural areas was 471 per

100,000 population, while it was 309 per 100,000 in urban

areas.5 A study comparing multidrug-resistant TB isolates in

rural India and Mumbai city found that 51% of isolates from

Mumbai residents were multidrug-resistant, while the pro-

portion was only 2% in patients who lived in a nearby rural

region. The authors posit that Mumbai has become a hot spot

for MDR-TB because private-sector practitioners, a major

source of health care in the city, are not regulated and do not

follow the nationally approved regimens for treatment of TB.6

In a South African study, cases of extremely drug-resistant

TB(X-DR TB) were clustered in poor neighborhoods, charac-

terized by lower educational attainment (12% vs. 9%), higher

unemployment (29% vs. 20%), and a lower proportion of

homes with flush toilets (36.4% vs. 68.9%).7

In Afghanistan the incidence of TB was estimated at 189

per 100,000 in 2017, a level that has remained the same for the

past 17 years, while the case notification rate increased from

103.7 per 100,000 in 2008 to 131.3 per 100,000 in 2017.8 The case

notification rate varies by province, from as low as 46 per

100,000 in Panjshir Province to 300.2 per 100,000 population in

Kunar Province (WHO database, 2017), but no disaggregated

data for urban and rural areas exist for Afghanistan. In Kabul,

a TB project performance report reported that case notifica-

tion increased from 59 per 100,000 in 2009 to 125 per 100,000

population in 2015.9

We analyzed the data collected in the routine health in-

formation system for five cities, excluding Kabul, to show the

increase in case notification and treatment outcomes.

2. Study population, design, and methods

2.1. Settings

In 2017 we published an analysis of six years of experience in

Kabul with urban DOTS,9 a successful approach that was

expanded to five other cities of Afghanistan with a combined

population of 1.9 million: Kandahar, Jalalabad, Herat, Mazari-

i-Sharif, and Paul-i-Khomri.10 In 2015, 35 (42%) of 83 public

health facilities were providing DOTS services, and 18 (18.3%)

of 98 private health facilities were DOTS centers (National TB

Program [NTP], surveillance database, 2015).

2.2. The DOTS expansion approaches

We also published information about the approaches we used

for DOTS expansion in 2017,9 so this article briefly summa-

rizes them. Two types of health care providers serve urban

areas: the public sector managed and funded by the govern-

ment, and the private for-profit sector. TB diagnosis and

treatment services are free even in the private sector, except

for the consultation fee for the first visit of a client to a private

health facility. The Ministry of Public Health recognized some

of the private health facilities as DOTS centers, based on

criteria such as existence of a laboratory and outpatient

department (OPD), and advised clients to use those facilities,

as well as public-sector health facilities, to obtain TB pre-

vention and care services.

A baseline assessments of both the public and private

health facilities at the beginning of the expansion was done

with the objective of assessing human resources, and

diagnostics capacities, as well facilities space adequacy to give

TB services. Based on the findings, training as given to health

workers on the national comprehensive TB care and preven-

tion guideline, and standard operating procedures, reagents

for diagnostics, drugs, and other supplies supplied. Provincial

or NTP program officers supervised and mentored both the

private and public DOTS centers quarterly.

2.3. Data collection and analysis

The data we used were collected in Excel using the routine

NTP recording and reporting forms and reported quarterly to

the provincial offices and the NTP. Although TB services were

provided in urban areas, clients came from both rural and

urban areas. In our analysis we included patients aged 15

years and above. Data were entered in Excel and analyzed

manually. Proportions, rates, and ratios were used to analyze

the secondary data.

2.4. Ethical statement

We used only routine program data for this analysis, and we

solicited approval from the NTP to publish the data. The

researchwas implemented in close collaborationwith theNTP,

which reviewed and approved the manuscript for publication.

3. Results

In total 181 health facilities had DOTS capacity as per the

nationals standard, and we were able to engage 106 (58.5%) of

them as DOTS centers. The number of DOTS centers in the

private sector grew from 18 in 2015 to 57 in 2018. Of the total of

3,581,079OPD visitors over the age of 15 years old, themajority

of patients (2,960,718 [(89.6%]), visited public health facilities.

The number of people seeking care in public health facilities

increased from 502,112 in 2015 to 862,191 in 2018. The same

trend of increase in patient load, from 65,547 in 2015 to 107,868

in 2018, was also observed in private health facilities. The

striking difference between the public and private health fa-

cilities was that the private health facilities did not screen all

OPD visitors except those whose major complaints coincided

with sign and symptoms of TB. Of all screened OPD visitors

(unfortunately the number screened was not recorded),

268,677 were reported to be presumptive TB cases and 28,542

(10.5%)were diagnosedwith TB (all forms). The positivity rates

for the public health facilities were 18.2%, 12.2%, 13.9%, and

4.5% in 2015, 2016, 2017, and 2018, respectively. In the private

sector, the positivity rates were higher, at 25.1%, 38.1%, and

26.2% in 2016, 2017, and 2018 respectively (Table 1).

Out of 28,542 TB cases (all forms) diagnosed in the public

and private health facilities in the four years, 10,156 (35.5%)

were bacteriologically confirmed. There was a large difference
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in the proportion of bacteriologically confirmed TB cases be-

tween the public and private health facilities. In the public

sector, 8,891 (38.1%) cases were bacteriologically confirmed

TB, while the proportion was 1,265 (22.5%) in the private

health facilities. Clinically diagnosed TB (11,822 [41.4%]) and

extrapulmonary TB (6,564 [23.0%]) constituted the majority of

the TB diagnoses in both public and private DOTS centers.

Treatment success rates also improved, from 81% in 2015 to

86% in 2018. The treatment success rate was not different be-

tween thepublic andprivatehealth facilities: itwas 81% in 2015

and increased to 85% in 2018 in the public sector, and it rose

from 82% in 2016 to 85% in 2018 in the private health facilities.

4. Discussion

Based on the experience gained in Kabul, the NTP and Chal-

lenge TB together expanded the urban DOTS program to five

more cities, which resulted in increasing case notification of

all forms of TB from 5,520 in 2015 to 7,988 in 2018. Many of the

changes came from private-sector engagement. In 2015 only

329 cases were notified by the private sector. This number

reached 2,093 in 2018dan almost 536% increase, while the

increase in public health facilities was only 30%. The increases

can be explained by the expansion of TB DOTS to the private

sector and the capacity-building efforts in the public sector.

The TB positivity rate out of all presumptive TB cases has

decreased from 18.9% in 2015 to 4.8% (p < 0.05) in 2018 in the

public health facilities. In the private sector, the all forms of TB

positivity rate was 25.8%, 39.5%, and 27.4% in 2016, 2017, and

2018 respectively. Because all visitors in the OPD are screened

for TB in the public health facilities, the positivity rate is low in

the public sector.

In an evaluation of passive and active case-finding ap-

proaches in health facilities of Afghanistan, the rate of TB (all

forms) diagnosed was 0.3% in the first year and 0.5% in the

second year,11 which is a little lower than our findings in the

public sector. The NTP should decide if blanket TB screening

in OPDs is effective in Afghanistan, from a time and cost

perspective, as compared to targeted screening of contacts

and people from high-risk groups.

We saw also a difference in the proportions of extrap-

ulmonary TB and bacteriologically confirmed TB diagnoses

between the public and private centers. Of all forms of TB

diagnosed, 8,891 (38.8%) were bacteriologically confirmed in

the public centers, while only 5,618 (22.5%) were bacterio-

logically confirmed in the private sector (P < 0.05). The

proportion of bacteriologically confirmed cases was lower

than the proportion reported in 2017, which was 61% of

pulmonary TB cases.8 One possible reason for the discrep-

ancy in the proportion of bacteriologically confirmed cases

between the reported national proportion and the propor-

tion in the five cities in this study could be that the capacity

to diagnose non-pulmonary presumptive TB is low in pe-

ripheral health centers, and cases are referred to secondary

and tertiary hospitals in the cities. As a result, most of the

referred cases diagnoses would be either extrapulmonary

TB or smear-negative clinically diagnosed pulmonary TB

cases.

The private sector is usually attracted to TB diagnosis

because patients can pay for registration and investigations,

and it is in the interest of the private sector to provide

comprehensive clinical services to retain clients who have the

ability to pay. The challenge comes in administering daily

DOT and following up with patients, which are free services.

In Afghanistan the treatment success rate in the private sector

is equivalent to the rate in the public sector, which was 85% in

2018. In Kenya the private-sector treatment success rate

ranged from 74% to 85% in a four-year report, and the reason

for such a high rate was that the patients seen in the private

sector can pay for registration and diagnostic tests, while the

government provides drugs free of charge.12 We recommend

research on incentives for the private sector to provide free TB

prevention and care services in Afghanistan.

5. Conclusions

We found that the private-sector contribution to case

detection in Afghanistan was high and the treatment suc-

cess rate was also high and equivalent to that of the public

sector. Although the contribution is high, what we do not

Table 1 e Screening for TB and TB cases diagnosed in public and private health facilities, 2014e2019.

Year 2015 2016 2017 2018 Total

Indicator Public Private Public Private Public Private Public Private

Total number of Health facilities

(HFs) with DOTS capacity

67 71 70 83 83 90 83 98 181

Number (%) of HFs that were

DOTS centers

35 18 38 37 42 45 49 57 106

Number of patients �15 years

who visited OPDs

502,112 65,547 792,000 73,036 804,415 94,765 862,191 107,868 3,301,934

Total number of presumptive

TB cases identified

27,444 NA 41,278 4,511 39,921 5,134 142,761 7,628 268,677

Total number of all forms of

TB patients diagnosed

5,191 (18.9) 329 5,196 (12.5) 1,166 (25.8) 5,757 (14.4) 2,030 (39.5) 6,780 (4.7) 2,093 (27.4) 28,542 (10.6)

Number (%) bacteriologically

confirmed TB patients

1,918 (36.9) 50 (15.2) 2,037 (39.2) 310 (26.6) 2,222 (38.6) 401 (19.7) 2,714 (40.0) 504 (24.1) 10,156 (35.5)

Treatment success rate 81 NA 82 83 85 84 85 85 NA
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know is that what factors motivate private practitioners to

give full or partial free services to patients. Studying these

factors will help to include more private health facilities,

including those at the lower level, such as pharmacies, in TB

screening.
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Background: Latent tuberculosis infection (LTBI) is a mycobacterial infection defined on the

basis of cellular immune response to mycobacterial antigens. The tuberculin skin test (TST)

and the Interferon-Gamma Release Assay (IGRA) are the two tests currently used to

establish the diagnosis of LTB. Literature suggests that a study regarding tuberculosis (TB)

infection among women of reproductive age group is limited.

Methods: Female household contact, married, aged 18e49 years underwent written consent

form and are screened for LTBI using the TST and IGRA. Participants are injected with TST

[5 tuberculin unit (TU), purified protein derivative (PPD)] and IGRA [QuantiFERON®-TB Gold

Plus kit (QFT-Plus)]. All the household contacts were followed-up for one year for incident

TB cases. Statistical analysis was done using STATA version 14 (StataCorp., Texas, USA).

Cohen's kappa test was used to determine the agreement between two tests.

Results: The prevalence of LTBI was found to be 69% (either TST or IGRA positive). Positivity

rate of IGRA was higher when compared to that of TST. Out of 139 participants, 68 (49%)

tested positive for TST, 80 (57.6%) tested positive for IGRA and 52 (37.4%) tested positive for

both. Discordant results were observed in about two fifth of the study population and there

was poor agreement between the two tests.

Conclusion: Longitudinal studies are required to detect incident TB cases to evaluate the

usefulness of these tests. The study was found that IGRA is more consistent to diagnosis of

latent tuberculosis infection than the TST. Such studies can also be performed in varied
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settings among different populations which would help us to improve the diagnosis of LTBI

and consequently help in TB control.

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

1. Introduction

Latent Tuberculosis Infection (LTBI) is defined as “a state of

persistent immune response to Mycobacterium tuberculosis

without clinically manifested evidence of active TB disease”. It

is estimated that about one fourth of theworld's population (1.7

billion people) has LTBI.1 Persons with LTBI are asymptomatic

and do not spread the infection. About 5%e15% of the people

with LTBI go on to develop active TB and with poor immunity

and existing co-morbidities, the risk of active TB increases.2

The detection and treatment of LTBI is one of the pivotal

steps in tuberculosis control.3 India is a high TB burden country

accounting for about one-fourth of the global TB cases.1 With

intensification of TB elimination activities in India, the diag-

nosis and management of LTBI should be focused upon in the

coming years. Tuberculin Skin Test (TST) and Interferon-

Gamma Release Assay (IGRA) are the two tests which are

available to ascertain LTBI. Both are indirect testswhich detects

the body's immune response to TB bacilli exposure. As there are

no gold standard tests for diagnosis of LTBI, it is difficult to

assess the performance of these two tests.

TST is based on a delayed-type hypersensitivity reaction

that occurs when those infected with M. tuberculosis are

exposed to certain antigenic components present in extracts of

culture filtrates, the “tuberculins”.4 A meta-analysis reported a

pooled sensitivity and specificity of 70% and 60% respectively

for TST for detection of infection with M. tuberculosis.5,6 The

sensitivity of TST results could be affected by malnutrition,

immunodeficiency, TB disease and HIV7,8 and the specificity

may be influenced by BCG vaccination status, subjective

interpretation of results and non-tuberculous environmental

mycobacteria.9e11 On the grounds of reliability and accuracy

TST has its limitations12 IGRA is an indirect test for M.tuber-

culosis infection which measures the cell mediated immune

response to peptide antigens that simulate mycobacterial

proteins. It has high specificity comparedwith TST because the

former measure cellular response of T-lymphocytes to anti-

gens of M. tuberculosis found in BCG and most non-TB

mycobacteria.2

Studies have reported pooled sensitivity and specificity of

up to 93% and 99% respectively.5,6 But in areas with high TB

prevalence including India, the sensitivity of IGRAs has not

shown superiority over the conventional TST.13 However, in

some populations, a higher sensitivity and specificity of more

than90%were reported inwhich suggests that the IGRAmaybe

utilized in selected populations.14e19 The specificity of IGRA is

affected with false conversions and reversions and peripheral

lymphocyte counts.20,21 Further indeterminate IGRA results

havebeenassociatedwith extremesof age.22 Recently acquired

TB infection is recognized as amajor risk factor for progression

to active TB. The high rate of TB exposure among women of

reproductive age is of particular concern, since TB is a leading

cause of maternal mortality in low-income countries.23

The aim of this study is to evaluate the agreement between

these two tests in diagnosing LTBI in the absence of

confounding factors such as gender, age, HIV status and

behavioral characteristics like substance abuse, smoking and

alcohol use for a reproductive age group of women. All of the

study participants were recruited from the same TB endemic

community. The results of the study may help in deciding the

diagnostic modality for LTBI.

2. Materials & methods

2.1. Study population and recruitment

The data was collected as a part of a study titled “Impact of

Pregnancy on Tuberculosis” conducted between September

2016 to October 2019 under Regional Prospective Observa-

tional Research for Tuberculosis (RePORT) India. We aimed to

study TB exposure patterns in women of reproductive age

enrolled in the RePORT cohort of Puducherry and Tamil Nadu.

For this purpose, the participants included in the analysis

were the household contacts (HHC) of new smear positive,

culture confirmed persons with pulmonary TB (index case)

enrolled up to 8 weeks following the index case enrollment.

Inclusion criteria: female household contact, married, aged

18e49 years. A household contact is defined as anyonewho on

average had significant contact with the index case for at least

3 months before study enrollment as defined by: sleeps under

the same roof as the index case on average at least 5 days per

week or shares at least one meal per day with the index case

on average at least 5 days per week or watches television (or

equivalent) with index case on average at least 5 days per

week. Participants with the history of tuberculosis and those

with history of hysterectomy or tubal ligation were excluded.

The study was approved by the Boston University Medical

Campus Institutional Review Board (USA) and the JIPMER

Institutional Review Board in India. Written informed consent

was obtained from all the study participants.

2.2. Study procedure

A pre-designed structured questionnaire was used to collect

the socio-demographic characteristics, alcohol use, tobacco

use, details regarding comorbidities and details regarding

nature of contact with index cases (time spent with the index

cases, sleeping arrangements). Presence of Bacille Calmette-

Guerin (BCG) scar and body mass index (BMI) were recorded

at the time of enrolment. Blood collection for IGRA was done

prior to TST. In this study none of the participants with LTBI

were given any prophylactic treatment for TB.
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2.3. Assessment of LTBI

a) Tuberculin skin test (TST)

Participants were injected with 5 TU (0.1 ml) of purified

protein derivative (PPD) intradermally on the forearm by

trained healthcare workers. (Span Diag India) and the size of

induration (in millimeters) was measured 48e72 hours after

injection. The cut-off size for positive TST was an induration

of �5 mm.

b) IGRA [QuantiFERON®-TB Gold Plus kit (QFT-Plus)]

QuantiFERON®-TB Gold Plus kit (QFT-Plus) (Qiagen, Ger-

mantown, MD, USA) which detects interferon-g (IFN-g) by

enzyme-linked immunosorbent assay (ELISA) was used for

IGRA. The kit contains four color tubes namely Nil, TB Antigen

Tube 1(TB1), TB Antigen 2(TB2) & Mitogen. TB1 and TB2

contain peptide antigens from the M. tuberculosis complex

associated antigens ESAT-6 and CFP-10. Nil andmitogen tubes

serve as negative and positive control respectively. About 1ml

of peripheral venous blood was collected through venipunc-

ture in each tube. Following sample collection, the tubes are

incubated for 16e24 hours and centrifuged. The plasma is

then removed and IFN-g is measured by ELISA. The results

were then interpretated as positive, negative or indeterminate

using manufacturer's instructions.

Statistical analysis was done using STATA version 14

(StataCorp., Texas, USA). Percentages were used to describe

the characteristics of the study population. Assessment of

agreement between TST & IGRA was done using Cohens

kappa test. k value�0.75 denoted excellent agreement beyond

chance, 0.4 to 0.75 denoted moderate agreement and �0.4

denoted poor agreement.

3. Results

Of the 139 participants included in the study about two-fifths

were between 31 and 40 years of age and half of the partici-

pantsspentat leastsixhoursadaywiththe indexTBcases.About

half of the study participants were spouses of the index cases.

BCG scar was present in about 121 (88%) participants 19 (13.7%)

participants were underweight and 42 (30.2%) were overweight.

None of the participants reported alcohol use whereas tobacco

and smoking was reported by four participants (see Table 1).

Among the 139 participants, 68 (49%) tested positive for TST,

80 (57.6%) tested positive for IGRA and 52 (37.4%) tested positive

for both. The prevalence of LTBI as determined by either posi-

tive TST or IGRAwas 69% (n ¼ 96; 95% CI 61.3%e76.8%). Overall

agreement between QFT-Plus assay and TST was 66% (k¼ 0.36;

95% CI ¼ 0.21e0.51) and the strength of agreement was poor.

About 43 (30.9% or 31.8%) participants had discordant results,

the higher proportion (n ¼ 28, 65%) of which were due to

negative TST and positive QFT-Plus assay (see Table 2).

The positivity rate for TST and QFT-Plus was nearly 60%

among 41e49 year age category. Among those with BCG scar

about half tested positive for TST and nearly 60% (n ¼ 68)

tested positive for QFT-Plus. Among those who spent >18
hours/day with the index case positivity rate for TST and QFT-

Plus were 78% (n ¼ 7) and 89% (n ¼ 8) respectively. Positivity

rates for TST and QFT-Plus was nearly 60% among those who

shared the same room (see Table 3).

4. Discussion

The utility of TST and QFT-Plus assay have been evaluated in

detecting LTBI among a cohort of women of reproductive age

Table 1e Characteristics of the household contacts stratified by tuberculin skin test and QuantiFERON-TB Gold Plus results
(N ¼ 139).

Characteristics Total
N (%)

TST aQuantiFERON-TB Gold

Positive
n (%)

Negative
n (%)

Positive
n (%)

Negative
n (%)

Total 139 68 (48.9) 71 (51.1) 80 (59.3) 55 (40.7)

Age (in years)

20e30 36 (25.9) 14 (38.9) 22 (61.1) 20 (57.1) 15 (42.9)

31e40 62 (44.6) 30 (48.4) 32 (51.6) 38 (62.3) 23 (37.7)

41e49 41 (29.5) 24 (58.5) 17 (41.5) 22 (56.4) 17 (43.6)

BCG scar

Present 121 (87.1) 58 (47.9) 63 (52.1) 68 (57.1) 51 (42.9)

Absent 18 (12.9) 10 (55.6) 8 (44.4) 12 (75) 4 (25)

BMI (kg/m2)b

Underweight 19 (13.7) 10 (52.6) 9 (47.4) 10 (55.6) 8 (44.4)

Normal 60 (43.4) 25 (41.7) 35 (58.3) 30 (52.6) 27 (47.4)

Overweight 42 (30.4) 25 (59.5) 17 (40.5) 28 (66.7) 14 (33.3)

Obese 17 (12.3) 8 (47.1) 9 (52.9) 11 (64.7) 6 (35.3)

Smoking 4 (2.9) 4 (100) 0 3 (75) 1 (25)

Comorbid conditions

Diabetes 5 (3.6) 1 (20) 4 (80) 2 (40) 3 (60)

Other comorbid conditionsc 6 (4.3) 3 (50) 3 (50) 3 (50) 3 (50)

a Indeterminate results of QuantiFERON-TB Gold are not included.
b Body mass index classification based on Asia Pacific guidelines.
c Asthma, Hepatitis, kidney failure.
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group who were household contacts of smear positive culture

confirmedTBpatients. Theprevalence of LTBI in this studywas

found to be 69% (either TST or IGRA positive). Positivity rate of

IGRA was higher when compared to that of TST. Discordant

resultswere observed in about two fifth of the study population

and there was poor agreement between the two tests.

The prevalence of LTBI was found to be similar to the rate

observed in a study conducted in southern part of India.24

IGRA positivity was higher than TST positivity in our study

population and this echoes the study findings from India and

South Africa.25,26 However, in another study conducted in

India the positivity rates were similar for both the tests. Pos-

itivity rate increased with increasing age for TST, while for

QFT-Plus it was similar across age groups. Similar results were

observed in a study conducted in Peru.27 But this was in

contrast to the study conducted in India where there was a

strong association with QFT-Plus positivity and increasing

age.26 The higher cut off level used in the study may have

contributed to contradicting results.

Among those who have BCG scar the positivity rate was

higher in QFT-Plus assay when compared to TST. Positivity

rates of both the tests were higher among malnourished

participants compared to those with normal BMI. This shows

malnourishment may increase the chance of latent TB infec-

tion. This is contradictory to the findings observed in the

studies conducted in other parts of India where the positivity

was higher among those with normal BMI.24e27 QFT-Plus

positivity was higher when compared to TST across BMI

categories and the difference was pronounced among obese

participants (65% vs 47%).

IGRA positivity was higher than TST across various rela-

tionship categories except among mothers of index cases

where TST positivity was higher. This could be because

mothers of the index cases were older and there was increase

in TST positivity rate with increasing age as observed earlier.

Overall, the prevalence of LTBI was higher among mothers of

the index cases. This could be because of the close nature of

relationship with the index cases and the higher age which

could have increased the chances of exposure to TB bacilli.

Among the HHCs who shared the same room as index cases

for sleeping the positivity rate was higher than those sleeping

in separate rooms or buildings. The positivity rates increased

with the increase in the time spent with the index cases. This

is in line with the study finding that longer duration of expo-

sure correlating with LTBI diagnosis and suggest that expo-

sure time could be a vital component in LTBI diagnosis.28

However, the positivity rates were lower among those who

spent between 12 and 18 hours day with the index cases. The

reason for this could not be clearly understood. Other factors

like ventilation of the accommodation, severity of the TB

disease in index cases and the proximity with the index cases

could have influenced the results. The prevalence of smoking

Table 2e Factors affecting exposure of the household contacts to the index cases and the results of tuberculin skin test and
QuantiFERON-TB Gold (N ¼ 139).

Characteristic Total TST aQuantiFERON-TB Gold

Positive
n (%)

Negative
n (%)

Positive
n (%)

Negative
n (%)

Total 139 68 (48.9) 71 (51.1) 80 (59.3) 55 (40.7)

Relationship to the index case

Spouse 69 (49.6) 34 (49.3) 35 (50.7) 39 (60) 26 (40)

Daughter in law 25 (18) 9 (36) 16 (64) 12 (48) 13 (52)

Mother 15 (10.8) 11 (73.3) 4 (26.7) 9 (60) 6 (40)

Daughter 14 (10.1) 6 (42.9) 8 (57.1) 8 (57.1) 6 (42.9)

Sibling 8 (5.8) 4 (50) 4 (50) 6 (75) 2 (25)

Othersb 8 (5.8) 4 (50) 4 (50) 6 (75) 2 (25)

Sleeping location

Same room, same bed 9 (6.5) 5 (55.6) 4 (44.4) 6 (66.7) 3 (33.3)

Same room, different bed 64 (46) 36 (56.3) 28 (43.7) 36 (58.1) 26 (41.9)

Same building, different room 57 (41) 25 (43.9) 32 (56.1) 34 (61.8) 21 (38.2)

Different building that is part of the same household 7 (5) 2 (28.6) 5 (71.4) 3 (42.9) 4 (57.1)

Othersz 2 (1.4) 0 2 (100) 1 (50) 1 (50)

Time spent with index case

<1 hour 9 (6.5) 4 (44.4) 5 (55.6) 4 (44.4) 5 (55.6)

1 to <6 hours 26 (18.7) 9 (34.6) 17 (65.4) 14 (56) 11 (44)

6 to <12 hours 80 (57.6) 42 (52.5) 38 (47.5) 48 (61.5) 30 (38.5)

12 to <18 hours 15 (10.8) 6 (40) 9 (60) 6 (42.9) 8 (57.1)

>18 hours 9 (6.5) 7 (77.8) 2 (22.2) 8 (88.9) 1 (11.1)

a Indeterminate results of QuantiFERON-TB Gold are not included.
b Aunt, uncle, cousin, grandchild relative house.

Table 3 e Distribution of tuberculin skin test and
QuantiFERON-TB Gold test results in the study population
(N ¼ 139).

TST QuantiFERON-TB Gold Total
N (%)Positive

n (%)
Negative
n (%)

Indeterminate
n (%)

Positive 52 (37.4) 15 (10.8) 1 (0.7) 68 (48.9)

Negative 28 (20.1) 40 (28.8) 3 (2.2) 71 (51.1)

Total 80 (57.5) 55 (39.6) 4 (2.9) 139 (100)
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among this study population was very low (n ¼ 4) and

amongst them all were TST positive and three fourth were

IGRA positive. However, this sample size is too small to arrive

at a conclusion. A further study on the influence of smoking

and LTBI diagnostics is warranted. In this study none of the

HHCs developed active TB at the end of followup period of one

year in spite living in a TB endemic community and being

exposed to smear positive index cases in their homes. As the

specificity of IGRA is better than TST.

5. Conclusion

This study has shown that the comparison of IGRA and TST in

the diagnosis of LTBI has poor agreement between the two in

the absence of confounding factors like gender, age and HIV

infection. With no gold standard tests to compare with, lon-

gitudinal studies to detect incident TB cases are required to

evaluate the usefulness of these tests. Such studies in varied

settings and among different populations can help us improve

the diagnosis of LTBI and consequently help in TB control.
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A prospective study of 13 cases with tuberculosis of hand and wrist was presented with

mean age of patients being 42.7 years (range 18 months to 84 years). Pain, swelling and

difficulty in movement of adjacent joints were the most common presenting complaints.

The discharging sinus, abscess & nerve compression were also observed in some cases.

Out of 13 cases, bone involvement was seen in one case, joint involvement in five cases,

soft tissue involvement in five cases and two cases had both soft tissue and joint

involvement.

All patients had undergone operative intervention for confirmation of diagnosis and

improvement in function. Surgeries like open biopsy, debridement and tenosynovectomy

were performed. Depending upon drug sensitivity on culture and histopathology report,

standard anti-tuberculous treatment (ATT) was commenced under supervision of Infection

Disease expert. Hand function was evaluated by modified Green and O'Brian score. The

mean score was 58.84 (35e70) before any intervention and it improved to 89.23 (60e100) at 6

months follow up after surgical intervention and ATT.

In conclusion, surgery may help for early functional recovery and for encouraging pa-

tient to use their hand for activities of daily living.

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

1. Introduction

Tuberculosis (TB) of bone is a common form of extrapulmo-

nary tuberculosis mainly affecting long bones, joints and

spine.1 Diagnosis of extrapulmonary bonymanifestation of TB

is always challenging due to its variable and atypical presen-

tation.2 The hand and wrist involvement are seen in only 1%e

2% cases of extraarticular TB.1,3 Clinical presentation of TB in

hand and wrist is varied most of the time and has its own
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symptomatology.Wrist joint TBmay originate from the carpal

bones, capsule or synovium.4 Capitate is the most commonly

involved carpal bone reported. Wrist TB may spread contigu-

ously from the tenosynovitis of flexor and extensor tendon

around wrist and digits. In hand, interphalangeal joint or

palmar spaces or phalanges have variety of manifestation of

TB.

The purpose of this study is to recommend surgical inter-

vention in the form of extensive debridement, tenosynovec-

tomy and achieving primary closure in cases of hand and

wrist TB. We have found considering only biopsy and starting

ATT may take longer duration to control the infection which

may lead to stiffness or disability in function of hand.

2. Material and method

This was a prospective study undertaken between January

2018 to January 2020 in tertiary care hospital. Patient who

were suspected to have TB of hand and wrist included in the

study. We had twelve patients of TB of hand and wrist in

which one patient had involvement of bilateral wrists. There

were three males and nine female patients. The youngest

patient was 18 months old child and eldest was 84-years with

mean age of 42.7 years. The anatomical distribution of disease

was as follow.

Based on radiological findings, the anatomical distribution

was as follow.

Involvement of proximal phalanx in one patient.

Involvement of proximal interphalangeal joint (PIPJ) in 3

cases (Fig. 1)

Involvement of metacarpophalangeal (MCP) joint in 2 case

Involvement of radiocarpal joint in 1 case (Fig. 2)

Involvement of extensor tendons in 1 case

Involvement of flexor tendons in 3 cases (Fig. 3)

Involvement of both radiocarpal joint and extensor ten-

dons in 2 cases

The common presentation was pain, swelling or soft tissue

lump, abscess, infection, painful & restricted movement or

deformity in and around joints of hand and wrist. They were

suspected to have tuberculosis. Relevant blood investigations

which suggest markers of infection, x-rays were performed.

MRI was advised in cases of soft tissue involvement like

tenosynovitis. MRI also helped in localizing and study the

extension of the disease. Chest X-ray was done in all patients

to rule out pulmonary Koch's.
Surgery was performed in all cases for diagnosis, func-

tional improvement and infection control in hand and wrist.

Open biopsy, extensive debridement, tenosynovectomy &

primary complete or partial closure was considered depend-

ing up on the lesion. The diagnosis was made on the basis of

histopathology and culture sensitivity of Acid-fast bacilli

(AFB). The Gene Xpert was studied in two patients to detect

mycobacterium tuberculosis and rifampicin resistant. In one

case, the patient had palmar abscess and in other case, patient

had bilateral involvement of TB infection. All patients were

treated with Antitubercular treatment (ATT) using 4 drugs

(Isoniazid, Rifampicin, Pyrazinamide, Ethambutol) for 2

Fig. 1 e (a &b) A 58 years old female had right little figure pain and difficulty in movement without any trauma. Dorsal open

debridement of infected tissue and external fixator application was performed. Later arthrodesis of PIP joint was done for

stability and grip.
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Fig. 2 e (c) MRI of right wrist was suggestive of hyperintense signal at carpel tunnel region. (d) Rice granules in carpel tunnel

region.

Fig. 3 e (a) A 29 years old female had middle finger pain and difficulty in movement. Extensive debridement and

tenosynovectomy was done. (b) MRI suggestive of extensive enhancing soft tissue changes in synovial sheath of flexor

tendons of middle finger.
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months and Isoniazid, Rifampicin and Pyrazinamide for 4

months with periodic investigations like ESR, Liver Function

test under the guidance of infection disease expert. The follow

up was studied in all patients was at 3 weeks, 8 weeks, 3

months and 6 months (see Table 1).

3. Results

The hand function was evaluated by Green and O'Brien score

before surgery. The mean score before treatment was 58.84

(Normal range is 35e70).

Patients who presented with palmar abscess had lowest

score Green and O'Brien score preoperatively. In our case

study, none of the patients had past history of pulmonary

Koch's. The hand function scorewas recorded post operatively

at 6 months from surgery. Themean score recorded was 89.23

(Range is from 60 to 100). We had excellent result in 7 patients,

good result in 3 patients, fair result in 2 patients and poor

result in 1 patient. Modified Green andO'Brian score5 was used

to evaluate function in paediatric cases.

4. Discussion

Tuberculosis is an infection caused by mycobacterium

tuberculosis which may lead to multisystemic involvement.

As the main portal of entry is by respiratory system, the pul-

monary Koch's is more common. But gastrointestinal route or

direct inoculation through skin is also noted and proved in

literature. The Progression of TB as a disease depends upon

immune response of patient.

A prevalence of skeletal TB is around 10e35% world-

wide.6 Around half cases of skeletal TB comprise of

involvement of spine.7 An Immunocompromised status like

HIV infection, diabetes mellitus, chronic renal failure and

malnutrition predispose for often to monoarticular TB

involvement.8

Even though, TB of wrist or hand is presented less

commonly, it should be certainly considered as a differential

diagnosis for chronic wrist and hand swelling especially in

countries where TB is prevalent. The diagnosis of TB has to be

confirmed by histopathology and culture of infectivematerial.

Nucleic acid amplification test such as gene Xpert MTB/RIF

test allow rapid identification of amplified specific RNA and

DNA sequence via nucleic acidmolecules alongwith detection

of rifampicin resistance.9 The newer method of faster detec-

tion of tuberculosis are available by methods like purified

ESAT-6 by magnetic bead-coupled gold nanoparticle -based

immune PCR assay10 and identification of mycolic acid using

surface enhanced Raman scattering.11

MRI is commonly used as a diagnostic tool for local extent

of disease and effect on soft tissue involvement and associa-

tion with neurovascular bundle, tendons in wrist and hand.

The findings like bone erosion, synovial fluid effusion with

thickening of synovium and osteomyelitis are captured on

MRI.12

Prakash and Mahtani13 have reported in their study of 44

paediatric patients that the diagnosis was done by biopsy in

most of the cases. Out of 44, they found 29 patients (65%)

malnourished as per Rainey-McDonald nutrition index.

There were 13 patients who did not respond to 8 weeks of

ATT. Those patients were managed with surgical interven-

tion. The proximal phalanx of 4th digit and metacarpal of 5th

digit were the most common site of involvement. The capi-

tate & scaphoid involvement was found to be more common

in wrist. The mean initial Green and O'Brian functional score

was 52.7 and final was 93.4. They observed excellent results

Table 1 e Patient profile, diagnosis, complications and Green & O'Brian score.

Case
No.

Age Gender Diagnosis Surgery Green & O'Brian score

1st visit 6 months postoperative
follow up

1 19 F Chronic osteomyelitis of metacarpal

head of middle finger

Dorsal

Open biopsy

65 100

2 22 F Wrist infected extensor tenosynovitis

with ? COM carpus

Tenosynovectomy 70 85

3 26 F Index finger PIP joint septic arthritis open biopsy 65 100

4 58 F Little finger PIP joint septic arthritis open biopsy 60 100

5 35 M Right Wrist infected flexor

tenosynovitis with CTS

Tenosynovectomy 60 85

6 35 M Left wrist COM of capitate and lunate

with ? Discharging sinus

open biopsy 65 75

7 9 F Little finger proximal phalanx ? COM Dorsal open curettage 55 95

8 29 F Middle finger flexor tenosynovitis Tenosynovectomy 55 60

9 30 F Hand palmar abscess with infected

flexor tenosynovitis

open biopsy 35 85

10 31 M Middle finger PIP joint synovitis open biopsy 55 100

11 1.5 F Distal forearm/wrist level 1st extensor

infected tenosynovitis with abscess

Debridement

and biopsy

55 100

12 47 F Post polydactyly excision MCP region

painful soft tissue lump

Excision & biopsy 60 100

13 84 M Wrist carpal bone? COM with extensor

tenosynovitis

open biopsy 65 75
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in 18 patients, good results in 15 patients, fair in 3 patients

and poor in 8 patients. Out of 13 patients who had undergone

surgical intervention, 5 had favourable results (Green and

O'Brian score >80) and 8 patients had unfavourable results

(Green and O'Brian score <80). The Surgery was performed

within mean period of 9.2 weeks of development of symp-

toms (favourable group) having significantly better result

than surgery performed after mean period of 11.6 weeks

(unfavourable group).

Kotwal and Khan14 have published their study of 32 cases

of TB hand and wrist. Out of 32, 12 cases had bone & 20 pa-

tients had soft tissue involvement. Pain and swelling were the

most presenting complaints. In their study, 8 patients

required surgical intervention who did not respond up to 8

weeks of ATT. The mean Green and O'Brian functional score

was 58.3 pre-operatively and final was 90.5 observed after

surgery.

Table 2 compares the published series of greater than 10

patients with the present series.

Brashear and Winfield17 have mentioned in their study

that 10 patients required surgery in the form of synovectomy

in 3 patients, arthrodesis in 7 patients and debridement in 1

patient. Solid fusion observed in 4 patients. In all patients, the

disease was inactive after treatment with ATT.

Prakash and Mahtani13 and kotwal and khan14 have re-

ported 70.45% (31 out of 44 patients) and 75% (24 out of 32

patients) outcome by conservative management with ATT

respectively.

5. Conclusion

MRI and open surgical biopsy are the good diagnosticmodality

for extent of involvement and false negative reports for

tuberculosis for wrist and hand. Early diagnosis and early

commencement of ATT is very important for better functional

outcome. But ATT takes at least 8 weeks to show some

improvement in infection and reduction of lump or swelling

or infection. As some cases show frank infection like abscess

or sinuses, usage of hand and acceptance of that person in

social environment remains major issue. Therefore, author

recommends early surgical intervention in the form of

debridement and tenosynovectomy for abscess and dis-

charging sinus. In cases which are not responding to ATT and

causing non-healing of wounds, the possibility of Multi-Drug-

Resistance (MDR) tuberculosis should be kept in mind & get

sorted out with help of infection disease expert.
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a b s t r a c t

Tuberculosis (TB) is one of the most serious public health issues in India. According to the

global TB report 2020, India accounts for about one-quarter of the global TB burden. Despite

considerable advances in mandatory notification of all TB cases, incorporation of the na-

tional health programmes with general health services (National Health Mission), and

national drug resistance surveillance and many other accomplishments, much more needs

to be considered in India to significantly decrease TB incidence. Research is the foundation

for medical breakthroughs. In this study, all Tuberculosis-related studies registered under

Clinical Trial Registry of India from its inception in July 2007 to February 2021 were

reviewed and analysed using the keyword ‘’Tuberculosis’’ in the ‘Trial Search’ section. A

total of 31,196 studies were registered in CTRI, with 180 studies (0.58%) being related to

tuberculosis. Of these studies, 76 (42.2%) were interventional in nature. These consisted of

evaluating different management or treatment TB (50%, n ¼ 90), diagnostic studies (19.4%,

n ¼ 35) and studies related to screening and prevention of TB (7.8%, n ¼ 14). Maximum

studies were conducted to evaluate safety and efficacy of anti-TB drugs (10%, n ¼ 18) and to

evaluate efficacy of shortening of duration of treatment (8.9%, n ¼ 16). The studies related

to extra pulmonary TB, MDR TB and TB in special populations and sources of funding and

locations of the study sites were also analysed. These indicate that only minimal TB-

related researches are conducted in India. It is indispensable to promote tuberculosis

research in India in order to eradicate this infectious disease.
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1. Introduction

Tuberculosis (TB) is one of India's most serious health prob-

lems. India accounts for approximately a quarter of the global

TB burden based on global TB report 2020. The estimated TB

incidence in 2019 was 2,640,000. Tuberculosis had led to the

deaths of 9,500 HIV-positive people in 2019, while 436,000 HIV-

negative people died. After South Africa, India has the highest

estimated number of HIV-related TB cases. India has the

highest prevalence of tuberculosis and multidrug-resistant

tuberculosis worldwide.1,2,3

Several initiatives have been launched by the Indian

Council of Medical Research (ICMR) with the goal of bringing

together all major national and international stakeholders in

order to develop new tools (drugs, diagnostics, and vaccines)

for the management of TB.4 The ICMR has considered TB as a

national priority. Research should be accelerated in order to

improve cure rates and reduce the number of new cases. The

implementation of research should centre on identifying and

developing newer and easier diagnostic methods and treat-

ment strategies in collaboration with all stakeholders; which

in turn will ensure high-quality diagnosis and care for all TB

patients.

Despite significant progresses in stringent notification of

all TB cases, incorporation of the national TB elimination

programme with general health services (National Health

Mission), and national drug resistance monitoring systems,

more remains to be accomplished to significantly reduce TB

incidence in India. Hence it is imperative to revitalise research

in this domain, particularly related to new drugs, fixed drug

combinations and newer regimes. In this study, we have

attempted to analyse the type of TB related research being

conducted in India which are registered under the Clinical

Trial Registry of India (CTRI) to identify the gap areas.

2. Methods

All TB-related studies registered under CTRI from its inception

in July 2007 to February 2021 (13.5 years) were reviewed and

analysed. The studies were found using the keyword “Tuber-

culosis” in the ‘Trial Search’ section. The studies being con-

ducted in patients with TB, studies on other factors related to

TB, and studies mentioning TB as an inclusion criterion were

chosen for further analysis from all of the search results ob-

tained. The variables used to collect data included the type of

TB trials, trials conducted in special populations, studies on

MDR-TB, pulmonary and extra pulmonary TB, the sources of

funding for the studies (pharmaceutical sponsored/academic/

government funded/PG thesis), and the geographical distri-

bution of studies. The variables were analysed using

descriptive statistics using SPSS for Windows, Version 20.0,

SPSS Inc.

3. Results

A total of 31,196 studies were registered in CTRI from 2007 to

February 2021, amongwhich a total of 180 studies (0.58%)were

related to TB. Out of the 180 TB-related studies, 76 (42.2%)were

interventional in nature. The distribution of different areas of

research in TB is depicted in Fig. 1. Maximum number of

studies were conducted in evaluating different treatment

strategies for TB (50%, n¼ 90). This was followed by diagnostic

studies (19.4%, n ¼ 35) and studies related to screening and

prevention of TB (7.8%, n ¼ 14). It is also worthwhile to note

that while the International Clinical Trial Registry Platform

(ICTRP) had 1963 TB-related studies registered, India had only

180, less than one-tenth of the international, in contrast to the

burden of disease in the country.

Upon analysing the therapy areas maximum studies were

conducted to evaluate safety and efficacy of anti-TB drugs

(10%, n ¼ 18) and to evaluate the efficacy of shortening of

duration of treatment (8.9%, n ¼ 16). We noted that studies

related to evaluation of add on therapies (10%, n ¼ 10) like

Vitamin D, Vitamin C or antimicrobials and evaluation of new

FDC or molecule (n ¼ 9) and process of care change (n ¼ 9)

were among most preferred areas of research. The different

therapy areas related to TB research is depicted in Fig. 2.

Out of the 180 TB-related studies in India, 70 of them had

elderly population in the inclusion criteria. The studies that

Fig. 1 e Different areas of Tuberculosis-related research in India.
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were conducted in other special population included those

that were conducted in children (n ¼ 17), HIV patients (n ¼ 12)

and neonates (n ¼ 3) (Fig. 3).

Majority of the studies dealt with pulmonary TB (78.4%,

n ¼ 145) and rest of the studies were related to extra pulmo-

nary TB like intestinal TB, TB of the spine and TB of the genital

and urethral tract (19.4%, n ¼ 35) (Fig. 4). It was also observed

that 13 studies out of the 180 studies (7.2%) were conducted on

MDR-TB cases exclusively.

A large number of studies (47.2%, n ¼ 85) were sponsor

funded from government funding agencies like ICMR, Non-

Governmental Organisations (NGOs) and other international

foundations. Post graduate thesis (n ¼ 48) were mostly self-

funded. The academic clinical trials and other investigator

initiated trials were also self-funded (n¼ 32). The clinical trials

conducted and sponsored by pharma companies accounted

only 8.3% (n ¼ 15) (Fig. 5).

Several studies were multi-centric and were conducted in

several parts of India. It was observed that majority of studies

were conducted in south India (n ¼ 88), mainly in the state of

Tamilnadu and Karnataka. Among north Indian statesmost of

the studies were conducted in the states of Delhi, Chandigarh,

Haryana and Rajasthan (n ¼ 61). In Central India majority of

the studies were conducted in Maharashtra (n ¼ 25). Both

western India and eastern India accounted for very few

studies (Fig. 6).

4. Discussion

Several million new cases of TB and millions of death are

reported every year, TB imposes a high burden on human

suffering and loss, reflected predominately on poor and

vulnerable people in low and middle income countries. It is

also noteworthy in this situation that the national systems

are missing several millions cases every year. Emergence of

resistance to anti-TB drugs is also a serious concern. All

these are the potential hurdles to achieve the end eTB

strategy. Hence, research is the critical pillar in the journey

to achieving the ultimate end-TB Strategy. To transform the

way tuberculosis is diagnosed, treated, and prevented, it is

necessary to improve the effectiveness of existing tools and

Fig. 2 e Types of therapeutic trials related to tuberculosis.

Fig. 3 e Tuberculosis-related research in special population.
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develop revolutionary new technologies, which is possible

only through strengthening of research activities in this

field.

The results of our study indicate that even though India

carries a major burden of TB cases, the proportion of research

conducted in this field in the country is comparatively very

Fig. 4 e Clinical trials related to Multi Drug Resistant TB in India.

Fig. 5 e Sources of funding for TB-related research in India.

Fig. 6 e Location of TB-related study sites in India.
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less. In a study conducted by Thakur et al in 2017 amongmajor

stakeholders regarding the challenges of TB control in India,

lack of public and patient awareness, limitations of resources

and infrastructure, inadequate notification and general

negligence were observed as the major challenges in TB

elimination in India. These findings call for reinforcing of

research activities pertaining to all aspects related to TB.5

The major areas of research that should be focussed in the

target toeliminateTBare intheresearchof therapeuticdrugsand

screening and prevention. In our study it was observed that

maximum studies were conducted in the field of drug related

researches. Among these, majority of studies were conducted to

assess the efficacy and safety of new molecules and fixed drug

combinations (FDCs) and studies to evaluate the efficacy of

shorteningofanti-TBregimens.Even though this suggestsagood

trend, the researches on epidemiological aspects related to

prevalence and other parameters as well as screening and pre-

vention and behavioural modifications need to be further

intensified.

Individuals who are HIV-positive are 20e40 times sub-

stantially more prone than people who are not HIV-positive

and live in the same country to develop TB Disease. TB is

themost commonHIV-associated opportunistic disease in the

world, contributing for more than a quarter of the 2 million

AIDS deaths in 2008; it accelerates HIV disease progression by

raising infectivity and decreasing HIV treatment efficacy.6 As

TB is a risk factor in HIV-positive individuals, more efforts

should be driven to management of TB in HIV patients. The

study by Dravid et al conducted in western India highlights

the need for TB prevention and management in HIV positive

individuals.7 Similarly management and prevention of TB in

pregnancy, neonates and elderly population should receive

urgent consideration andmeasures should be implemented to

foster studies in such special populations.

The deployment of drug-resistant tuberculosis (DR-TB)

continuous monitoring systems improves access to adequate

and accurate treatment and care. In the systematic review and

meta-analysis carried out by Lohiya et al on prevalence and

patterns of drug resistant pulmonary tuberculosis in India, the

significant burden of drug resistant TB in Indian population

was unveiled and the importance of deployment of universal

drug susceptibility testing in all districts of the country, aswell

as continuous DR-TB surveillance.8

Since 2006, funding for tuberculosis detection, treatment

and prevention has almost doubled, but it still falls far short of

what is required. Still majority of these funding sources

emerged from domestic agencies like ICMR and NGOs.1 The

study by Sagili et al highlights the importance of operational

research for global fund supported projects to facilitate

research in areas of national priority that influence policy and

practice.9

Accordingtoourfindings, therearevery fewpharmaceutical-

sponsored drug intervention studies. The pharma company

sponsored trials included few new molecules and rest of the

studieswerenewaboutnewFDCs andnewdiagnosticmethods.

Hence it is critical to promote interests of pharmaceuticals

companies in this domain to propel us forward to achieve our

strategy.

It was also observed that there is a gradual increase in the

number of studies registered each year. This is due to

mandatory registration of all studies with the CTRI as well as

WHO efforts to strengthen TB-related researches in high TB

burden countries. However, our research shows that India is

still lagging in TB-related research, and several milestones to

the end TB strategy can only be achieved by promoting

research in this field.

The COVID-19 pandemic threatened to undo the recent

progress in lowering the global burden of tuberculosis disease,

especially in India. The reallocation of TB-related human,

financial, and other resources to the COVID-19 response had a

negative impactoncriticalTBservices. InaccordancewithWHO

recommendations, countries have reported expanding the use

of digital technologies for remote care andmonitoring services

and lessening the requirement for visits to health centres by

prioritising home-based treatment and providing trans-

portation to TB patients.2

In order to ensure that patients are properly diagnosed and

started on the most effective treatment regimen as soon as

possible, efforts should be intensified to improve TB diagnosis

and treatment and reduce the disparities between incidence

and notification. Hence the following years are very critical. It is

also equally important to embolden and indulge theTB infected

community. The TB patients should not be viewed as passive

recipients of services, but rather as key stakeholders in all

process of design, strategic planning, execution, and tracking.10

These findings uphold the need to discover new entities for

management of MDR TB, new FDCs and regimes, diagnostic

and preventive measures. This can be achieved by facilitating

the pharmaceutical industries to drive research and devel-

opment activities for new entities focussed on TB diagnosis

and treatment as well as prevention in the form of vaccines.

Also academic research activities in this field should be pro-

moted by the research institutions by providing incentives for

carrying out the research activities. It is equally essential to

promote research related to community practices and

improvement of awareness regarding diagnosis, treatment

and prevention of TB. Post graduates and research scholars

have immense potential and should be encouraged to conduct

researches in this field to add to our resources.

Even though India has made several progresses in man-

aging TB burden through effective policy formation, use of

technology and in partnership with WHO and BRICS, we have

identified several gap areas which our country should focus in

the coming years to improve the outcome of TB patients. First

and the foremost efforts in case finding, diagnosis and noti-

fication should be strengthened. Appropriate treatment and

ensuring adherence is another is another stumble block. The

private hospitals should also be involved in the care of TB

patients. Public health education strategies should be rein-

forced to overcome the social prejudice and public ignorance

regarding TB. Also, social media and telemedicine should be

utilized in delivery of services to all places and populations.

Bold and innovative methods should be adopted focussed to

the above areas to achieve the end-TB strategy.11,12 Even

though our findings suggests India's significant lack of TB-

related research, the study emphasises the importance of

expanding studies in all parts of India, particularly in areas

with a high prevalence of tuberculosis. Furthermore, epide-

miological research and studies on TB prevention and

screening, as well as the effects of add-on therapy with other
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anti-microbial drugs or other entities, must be prioritised in

order to achieve our goal of eliminating TB in India.

The limitations of our study were manifold. CTRI registra-

tionwasmademandatory for all clinical studies including post

graduate thesis only in the 2017.Hencemany studies thatwere

not registered with CTRI would have been missed. However,

based on the registered studies, we attempted to obtain an

overview of the current state of research in tuberculosis.
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a b s t r a c t

Background: Tuberculosis (TB) is a public health agenda globally. Most TB cases are detected

using the usual passive method. Starting a decade, cases are detected using an active

detection strategy. The home-visiting strategy is one of the active case findings ap-

proaches. However, no study shows the pooled effect of home visiting on tuberculosis case

detection rate. Thus, we conducted this study to evaluate the effectiveness of home visiting

on tuberculosis case detection.

Methods: In this systematic review and meta-analysis, the PRISMA checklist was used to

report findings. A systematic comprehensive search was done to address all possible

search databases. We used to search databases such as PubMed/MEDLINE, Scopus, and

Science Direct to identify relevant articles. Data were extracted by two authors and con-

sistency was checked by two co-authors. Cochrane risk of bias tool was used to assess the

quality of studies. Data were extracted using a Microsoft Excel spreadsheet then; data were

transferred to Stata version 16 for further analysis. Heterogeneity across studies was

checked using the Q statistics (I2).

Results: Overall, 4174 articles were found. Two thousand one hundred seventy-five (2175)

articles were excluded due to duplications. One thousand nine hundred twenty-four arti-

cles were excluded after reviewing titles and abstracts. Seventy-five articles were assessed

using their full texts articles and 70 articles were excluded with unclear outcomes and poor

methodological quality. Finally, 5 articles were selected for the final analysis. In all studies,

the case-notification rate was significantly increased in the intervention arm than the

control arm. The pooled effect size was RR: 1.65 (95% CI: 0.92, 2.39). This study showed that

there was a significant heterogeneity (I2 ¼ 98.9%, P < 0.001). Visual examination of the

funnel plot showed asymmetric distribution. However, the egger's and bigger tests showed

there was no significant publication bias ((P ¼ 0.313).
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Conclusion: Home to home visiting is an effective TB case finding method as compared to

the usual passive detection methods. The health system should be strengthened home to

home visiting to enhance TB case detection.

The protocol PROSPERO registration was CRD42021227860.

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

1. Background

TB is an infectious bacterial disease caused by Mycobacterium

tuberculosis (Mtb), which is transmitted between humans

through the respiratory route and most commonly affects the

lungs but can damage any tissue.1 A total of 1.5 million people

died from TB in 2020. Worldwide, TB is the 13th leading cause

of death and the second leading infectious killer next to

COVID-19.2 Overall progress in global TB elimination was

modest in 2017, consistent with that in recent years3; inten-

sified efforts to improve TB diagnosis, treatment, and pre-

vention are required to meet global targets for 2020e2035.4

However, under-detection of active TB cases and delay in

diagnosis and initiation of treatment are major challenges of

TB programs in low- and middle-income countries (LMICs) to

achieve the end TB targets. It has been estimated that almost

one-third of the global TB cases were undetected and had not

received treatment. For instance, the WHO estimated that

three million cases of TB were not detected globally in 2019.5

The WHO endorses two complementary approaches to

improve tuberculosis case detection: active case finding (ACF)

and systematic screening of household contacts.6,7 Active

case finding in groups at risk during home visits increases the

case detection rate in the population and permits the identi-

fication of cases that may not be detected through passive

case finding at the health facility level.8 To enhance the case

detection rate in TB high burden countries home to home

visiting interventions were conducted in various

countries.9e15 A study confirms that integrated active case

finding during home visits scheduled may help to identify

cases thatmay not be detected through passive case finding at

the health facility level (8).

Findings from interventions revealed that the case detec-

tion rate was increased; however, the effectiveness of the in-

terventions was varied across studies. Furthermore, there is

no evidence on the pooled effect of TB case detection using

home-to-home visiting. Therefore, the main purpose of this

systematic review and meta-analysis was to compute the

pooled effect of home-to-home visiting on TB case detection.

2. Methods

2.1. Protocol design and registration

The review was reported according to the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses Protocol

(PRISMA-P).16,17 The protocolwas registered in PROSPEROwith

registration number CRD42021227860.

2.2. Eligibility criteria

Studies included if and only if they had fulfilled the following

criteria:

� Studies that have both intervention and parallel control

groups

� Studies that have clear intervention outcomes

� Implementation of the intervention should be used a home

to home visiting strategy

� Articles published in the English

2.2.1. Information sources
Electronic databases (PubMed/Medline, Scopus, Cochran, and

science direct) and additional search engines such as Google

scholar were used as information sources. The information

was gathered from 1 December 2020 up to 15 March 2021.

2.2.2. Search strategy
A systematic comprehensive searchwas applied to address all

possible search databases. We used search databases like

PubMed/MEDLINE, Scopus, Science Direct, and Google scholar

to access relevant articles. The search terms were defined

according to Medical Subject Headings (MeSH). The search

strategy was used to terms: “randomized control trial” OR

“intervention study” AND “tuberculosis” OR “M. tuberculosis”

OR “mycobacterial tuberculosis”AND “home to home visiting”

OR “home visiting” OR “household visiting” AND “tuberculosis

case detection” OR “case detection” OR “case notification” OR

“case findings” OR “tuberculosis case detection rate” AND

“tuberculosis high burden setting”. Search terms were con-

nected by using the Boolean operator “OR” and “AND”, “OR” is

used to connect synonymswords or phrases, and the operator

“AND” is used to combine dissimilar terms. The search strat-

egy applied to the PubMed database is annexed at the end of

the manuscript.

2.3. Data abstraction

Data were extracted by the principal investigator (DA and GD)

and reliability was checked by the two co-authors (MBS and

EWM). Discrepancies between the reviewers were resolved

after a serious discussionwith the other co-author (FAG). Data

abstraction included: name of first author/year of publication,

study design, place of study, type of participant, type

of intervention, and outcomes (case detection rate).

Data abstraction was done using an EXCEL spreadsheet. Ar-

ticles were assessed based on their title, abstract, research

questions and objectives, method, and main findings.
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Inappropriate articles to our study were excluded at this stage

using their titles. Articles fitted to our purpose were retrieved

for further evaluation using their abstract and the full text.

Articles that fulfilled the eligibility criteria were used as a

source of data for the final analysis.

2.4. Outcome measurement

The primary outcome of this review was the pooled effect of

home visiting on tuberculosis case detection in TB prevalent

settings. The effect of home visiting against the detection of

TB cases was assessed by assuming the relative risk (RR) to

evaluate the association between the dependent variables

(CDR) and independent variables.

2.5. Quality assessment

There are many quality assessment tools such as Cochrane

risk of bias (ROB), Critical Appraisal Skills Program (CASP), the

Jadad scale, Centre for Evidence-Based Medicine (CEBM),

Joanna Briggs Institute (JBI). For our purpose, we used the

Cochrane risk of bias tool (ROB) to assess random sequence

generation and concealment of allocation. Random sequence

generation was considered inadequate if there was no suffi-

cient controlling mechanism to protect biased allocation to

interventions due to inadequate generation of a randomized

sequence. Generation of the allocation sequence and

concealment of allocation as adequate, inadequate, or unclear

was assessed for each randomized controlled trial study.18

The risk of bias was considered high if the selective

outcome reporting by authors and low risk of selective

outcome reporting bias was not presented. The bias is

considered “unclear” if the information obtained from authors

is insufficient to permit judgment. Bias could be also consid-

ered when both participants and researchers were blinded.

This can be considered as adequate if steps were taken to

ensure that those recording the main outcome of the study

were blind to the assigned interventions and inadequate if

this was not the case. Completeness of follow-up was

assessed as adequate if steps to the handling of incomplete

outcome data were complete and unlikely to have produced

bias, or inadequate if the attrition amount or nature or

handling of incomplete outcome data was not maintained.

2.6. Data analysis

Data were extracted using a Microsoft Excel spreadsheet

template. Then, data were transferred to Stata version 16 for

further analysis. Heterogeneity across studies was checked

using the inverse variance (I2) and Cochran Q statistics. I2 can

be computed as I2 ¼ 100% � (Q�df)/Q, where Q is Cochran's
heterogeneity statistic and df the degrees of freedom.19 The

cutoffs of value were 25, 50, and 75% were declared the het-

erogeneity was low, moderate, and severe respectively (19).

Since a heterogeneous study population was included in the

study, we used a random-effectsmodel to estimate the pooled

effects of case detection with a 95% confidence interval (CI).

Although I2 (I2 ¼ 98.9%) was substantially high across the

study, subgroup analysis was not performed because only a

few studies were included in the study. The funnel plot was

asymmetry; Egger's tests were applied to check a publication

bias. In Meta-regression, the statistical test was considered as

significantly associated when the p-value is < 0.05.

2.6.1. Publication bias assessment
Publication bias was assessed by visual inspection of funnel

plots. The symmetrical presentation was interpreted to sug-

gest an absence of publication bias, whereas an asymmetry of

the graph showed the presence of publication bias. Also, since

the funnel plot was a subjective judgment, Egger's test was

applied to evaluate whether the presence or absence of pub-

lication bias objectively.

2.6.2. Sensitivity analysis
Sensitivity analysis was also done to estimate the influence of

a single study over the pooled effect size of included studies.

2.7. The implication of the review

This study aimed to calculate and generate evidence on the

effect of home visiting intervention on case detection

rate(CDR) in high prevalent settings. The finding of this study

could bring a change and design a strategy to enhance the TB

case detection process in the national TB programs and

facilitate the engagement of healthcare providers and pro-

grammers on the active case detection approach. The findings

may also be the baseline for prospective research on CDR

among patients who poorly access the healthcare system.

3. Results

3.1. Study selection

Overall, we search 4174 articles, 2175 were excluded due to

duplications, and 1924were removed after reviewing the titles

and abstracts. Seventy-five (75) articles were assessed using

their full texts and 70 articles were excluded with unclear

outcomes and poor methodological quality. Finally, 5 articles

were selected for the final analysis (Fig. 1).

3.2. Study characteristics

Five studies were included in the study. Two studies were RCT

and three studies were Non-RCT. Randomization sequence

and allocation concealment were not described in three

studies.11,12,14 Two studies by Corbet (9) and Miller15 revealed

that random sequence and allocation concealment were per-

formed. However, a study conducted by Corbet9 showed that

community health workers and cluster residents were not

masked to intervention allocation, but investigators and lab-

oratory staff were masked to allocation until final analysis.

Two studies included in our study were found in Africa and

two other countries were found in Asia. The maximum sam-

ple size was 3000,000 and theminimum sample size was 7823.

In all studies, the case-notification rates were significantly
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higher in intervention arms than in control groups (Table 1).

Study participants, therapists, and outcomes assessors were

not blind to treatment assignment and outcomes measure-

ment. Baseline characteristics of studies were identified

(Table 2).

3.3. The pooled estimate of CDR

The pooled effect size was RR: 1.65 (95% CI: 0.92, 2.39). This

study showed that there was a significant heterogeneity

(I2 ¼ 98.9%, P < 0.001) (Fig. 2). Even though substantial het-

erogeneitywas observed in the studies, subgroup analysiswas

not done since the numbers of studies are a few. However, the

Galbraith plot (Fig. 3) was used to identify the amount of

heterogeneity from a meta-analysis.

3.4. Publication bias

Visual examination of the funnel plot showed the asymmetric

distribution of studies. Most of the plots were presented

asymmetrically to the right side of the (Fig. 4). However, the

egger's test of intercept showed that there was a significant

publication bias (P: 0.313). The sensitivity test (Fig. 5) examines

the influence of a single study on the overall meta-analysis

estimate.

4. Discussion

This study was aimed to compute the pooled effects of

home visiting on tuberculosis case detection rate. TB case

detection using the home visiting approach was found to be

increased TB CDR in prevalent settings. Congruently, other

systematic reviews and meta-analyses revealed that TB

cases were significantly high among household con-

tacts.20,21 Also, active screening among household contacts

is an effective way to improve TB case detection.22 Accord-

ing to the STOP TB partnership explanation case notifica-

tions increased compared with expected case notifications

based on historical trends.23 However, the study confirmed

that massive active case finding was not effective in the

general population of a modest TB prevalence setting of

China.24 This may be due to the shorter time interval of ACF

between TB symptoms onset and linkage to healthcare

services that decrease the risk of TB community

transmission.24

(n=1924)

Fig. 1 e PRISMA flow diagram.
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This systematic review and meta-analysis showed that

home-to-home visiting is very important to access the most

remote area that is difficult to reach using the usual TB care

approaches and increase the case detection rate significantly.

The researcher identifies low TB case detection as one of the

most important barriers to improving TB care but fails to

propose interventions that would plausibly increase case

detection.25 This may also choose to do home visits only in

high prevalence areas that have low access to care, such as

rural districts.26

A major challenge of this meta-analysis is the substantial

heterogeneity across the studies included in our study. Simi-

larly, previous systematic reviews and meta-analyses con-

ducted in low andmiddle-income countries showed that there

was substantial heterogeneity among studies.20 This hetero-

geneity may be due to differences in the included studies in

geography, setting, sample size, and type of population.

This systematic review and meta-analysis had several

strengths and limitations. The use of multiple databases

and the involvement of several countries’ data were the

Fig. 2 e Forest plot of the effect size of home visiting on tuberculosis case detection in TB high burden settings.

Fig. 3 e Galbraith plot on tuberculosis case detection in TB high burden settings.
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strong side of the study. However, the number of studies

included in this study was limited which may not show a

clear picture of the impact of the intervention on TB case

detection. This study is also limited to access to important

databases such as EMBASE databases. A limited number of

systematic review and meta-analysis studies in the field

were obstacles for us to compare and contrast our findings

elsewhere.

5. Conclusion

Home to home visiting is effective to increase TB case detec-

tion as compared to passive case detection method. In the

future, we recommend for researchers to conduct further

systematic reviews and meta-analyses by including all low

and middle-income countries to increase the number of

Fig. 4 e Funnel plot analysis of publication bias.

Fig. 5 e Sensitivity test.
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studies and measure the true effect of home visiting on

tuberculosis case detection.
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Background: Patients with concurrent diabetes mellitus (DM) and tuberculosis (TB) pose an

increased risk of treatment failure in TB and management of DM is complicated. Anti-

diabetic and anti-TB drugs may interact with on another other when co-administered.

The role of anti-TB drugs on the excretion of metformin in urine has not been studied.

Therefore, we carried out a study in DM patients with and without TB to compare the

percentage of metformin excreted in urine.

Methods: A total of 52 DMTB and 17 DM patients were recruited in this study from the

Chennai Corporation Centres. DM and DM - TB patients were administered the prescribed

anti-TB and anti-diabetic drugs (metformin (MET), glipizide (GLP),glimepiride (GLM),gli-

benclamide (GLB),rifampicin (RMP),isoniazid (INH), pyrazinamide (PZA) and ethambutol

(EMB). DM and DMTB patients received metformin (MET) alone and in combination with

sulphonylureas as diabetic drugs. The urine samples were collected from 0 to 8 hours after

drug administration. Urine MET excreted in DM and DMTB patients were estimated by high

performance liquid chromatography (HPLC) and percent dose was calculated.

Results: The percent dose of MET excreted in urine in DMTB patients was significantly

higher when compared to DM patients. There is significant difference in the percent dose

of MET excreted among DM patients with and without sulphonylureas, values being 23.3

and 17.7% respectively (p ¼ 0.044).

Conclusion: This is the first study to report on the percent dose of MET excretion in urine in

patients with DM and DMTB receiving MET along with anti-TB drugs.

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

India is hitting the dual trouble of the highest TB burden with

a large diabetic population, and this is posing a serious threat

to the health system.1 There has been an escalating epidemic

of Diabetes Mellitus (DM) with a prevalence of 7.8%. of popu-

lation be Diabetic.2 Mohan V et al reported diabetic prevalence

of about 25% in TB patients in Tamil Nadu, which was higher

in comparison with prevalence of diabetes in general popu-

lation.3 Patients on anti-diabetic therapy may also take

treatment for tuberculosis, and it is likely that both these

classes of drugs might interact with each other.

Rifampin and isoniazid, the first line anti-TB drugs are

responsible for drug interactions. Many commonly used drugs

such as anticoagulants, anticonvulsants, other antimicro-

bials, antihypertensives, oral contraceptives, glucocorticoids,

immunosuppressants, sulfonylureas, and theophylline have

pharmacokinetic interaction with rifampicin.4

Metformin is an oral antidiabetic medication that en-

hances glycemic regulation by inhibiting hepatic gluconeo-

genesis and Glycogenolysis. It is the only biguanide available

for clinical use to treat non-insulin-dependent diabetes.5

Metformin is absorbed slowly and after 24 hours, about 60%

of an oral dose is excreted in the urine as an unchanged

substance. Around 30% of the dose is excreted unchanged in

the faeces.6 It has a higher renal clearance than creatinine,

reflecting that tubular secretion aids in its removal.7

Patients with TB and DMhave a higher risk of TB treatment

failure, and DMmanagementmay be difficult.8 Rifampicin has

been shown to improve the clearance of most of the oral anti-

diabetic drugs used in low- and middle-income countries.9,10

Sulphohonylureas are metabolized in the liver by cyto-

chrome P450 enzymes, which are induced by RMP.10,11 Organic

cation transporters (OCTs) play a major role in metformin

ingestion, hepatic uptake, and renal excretion.12

Although there are reports on the excretion of MET in urine

in DM patients, no study to date has been done on the effect of

anti-TB drugs on metformin excretion in urine. Therefore, a

study was undertaken to compare the percent dose of met-

formin excreted in urine between DM and DMTB patients.

2. Methods

2.1. Patients

A prospective study was undertaken in two groups of adult

patients, namely, DM & DMTB; during May 2018 to January

2020. Patients were recruited from Chennai Corporation

Centres (DM TB patients from TB units and DM patients from

NCD clinics). Patients aged 18e60 years of both gender, with a

body weight >35kg, HIV negative, and willing to give informed

written consent were recruited in the study. Diagnosis and

treatment of DM and DM TB groups were in accordance with

the existing programme guidelines. Both pulmonary and extra

pulmonary forms of TB patients were recruited. DMTB pa-

tients were receiving anti-TB treatment regularly at the

Chennai Corporation treatment centres for aminimumperiod

of two weeks.

Known cases of DM was confirmed by anti-diabetic medi-

cations received by the patients in the NCD register. Patients

with DM in both groups received treatment with either MET

alone and grouped as DM 1, MET along with anti-TB drugs

grouped as DMTB 1 and in combination with sulphonylurea's
(GLM/GLP/GLB) were grouped as DM 3 and DMTB 3. Patients

received standard doses of the medications as prescribed by

the treating physicians. The study design is illustrated in the

figures (Fig. 1A and B).

2.2. Conduct of the study

This study was approved by the Institutional Ethics Commit-

tee (IEC No.2015021) and was conducted at the out-patient

clinic of the National Institute for Research in Tuberculosis

(NIRT). Eligible DM and DM - TB patients were requested to

report at NIRT in the morning, without taking anti-TB or dia-

betic drugs on that day. On the day of the study, in the

morning, before administration of food and drugs, patients

were requested to void urine. TheDMandDMTBpatientswere

administered with the prescribed anti-TB and anti-diabetic

drugs (MET, GLP, GLM, GLB, RMP, INH, PZA and EMB), with

200ml water under direct supervision of medical officer.

Fig. 1 e A and B: Study design A-: DM group of patients receiving MET with and without sulphonylureas and B represents

DMTB group of patients receiving Metformin with and without sulphonylureas.
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The patients were provided with a wide mouthed glass

bottle and a container (2.5 liter) with lid along with a funnel to

collect urine sample. The urine samples were collected be-

tween 0 and 8 hours after the drug administration. The study

participants were provided with breakfast and lunch during

the study period. The volume of urine voided was mixed well

and measured. Aliquots of urine in duplicate were stored at

�20 �C until assay.

2.3. Drug estimation

Urine concentrations of MET in both groups and sub-groups of

patients, were estimated by HPLC (Shimadzu Corporation,

Kyoto, Japan) according to a previously validated and pub-

lished method.13

2.4. Statistical analysis

All the data were entered into a Microsoft excel sheet and

verified before analyzing using the STATA 15.1 (StataCorp,

Texas, USA). ShapiroeWilks test shows that the data were not

normally distributed and the values were tabulated using

frequency, percentage, median and Interquartile range [IQR].

Z-proportion test was used to compare the proportion be-

tween the groups. KruskaleWallis test was used to compare

the observation between groups and Dunn-test was used for

the sub-group comparison. A p value � 0.05 was considered

statistically significant. The percent dose of MET excreted in

unchanged form was calculated on the basis of their con-

centrations in urine.

Total concentrationofMETexcreted inurine

¼ Volumeof urineexcreted�Concentrationof MET
DrugDose

�1000

3. Results

The demographic details of the patients are given (Table 1). 52

patients and 17 Patients with DMTB and DM respectively

participated in this study. The mean age of patients in DM 1,

DM3, DMTB 1 and DMTB 3 were 51.5, 45.5, 47.5 and 48 years,

respectively. A high proportion of the patients were males.

Patients with DMTB had lower BMI when compared to DM

patients. However, it was not statistically significant. Both the

groups of patients received MET 500 mg twice daily. It was

observed that the percent dose of MET excreted in urine of DM

1, DM 3, DMTB 1 and DM-TB 3 groups were 23.3, 17.7, 42.6 and

27.4% respectively (Fig. 2).

The percent dose of MET excreted in urine in DMTB pa-

tients (both DMTB 1 & 3) were significantly higher when

compared to DM patients (DM 1 & 3). There was a significant

difference in the percent dose of MET excreted in DM patients

with and without sulphonylureas, the values being 23.3 and

17.7% respectively (p ¼ 0.044).

4. Discussion

Excretion of unchanged drug in urine is the major mode of

elimination ofMET. Nometabolites ofMET have been found in

urine. Troja et al had observed the average amount of un-

changed MET excreted was 41.17% for 850 mg tablet of the

administered drugwithin 24 hours after oral administration.14

G.T.Tucker et al, reported an average of 79% of the dose was

recovered as unchanged drug in the urine of DM patients after

72h, 95% of this total appearing in the first 8h. MET has rela-

tively poor oral absorption with an absolute bioavailability of

50e60% of the dose.15

Sub groups in DM patients receiving MET alone and in com-

binationwith sulphonylureaswere compared. Thepercent dose

excreted in DM patients receiving MET along with SU are lower

and the differences were statistically significant (p¼ 0.044).

Not much is known about the role of anti-TB drugs on MET

excretion in urine. Our study reported that MET excretion is

increased in the presence of anti-TB drugs in DMTB patients.

Limitation of this study is that the sample size of DMpatients are

much lesser when compared to DMTB patients. However, sub

groups of DMandDMTBpatients had similar number of patients.

Venkatesan et al (1992) observed that INH decreases the

metabolism of oral glycemic agents and increase their levels

in plasma, by means of cytochrome P2C9 involved in the

metabolism of sulphonylureas; however, it was observed that

the induction effect of RMP far outweighs this inhibitory ef-

fect.16 Singhal et al (2014) reported that metformin has lack of

clinical relevant interaction with RMP and aids in potential

benefit on TB treatment.17 In contrary,Williams et al observed

pharmacokinetic interaction of MET when co-administered

with RMP.18 Brake et al observed that RMP increased MET

plasma exposure in DMTB patients.19

Table 1 e Demographic parameters of DM and DMTB patients-Demographic parameters like age, BMI and gender were
compared between DM and DMTB patients.

Parameters DM 1 (n ¼ 9) DM 3 (n ¼ 8) DMTB 1 (n ¼ 22) DMTB 3 (n ¼ 30)

aAge (Years) 50 (46e52) 51.5 (47.5e57.5) 45.5 (42e55) 47.5 (40e55)
aBMI (kg/m2) 25.8 (22.9e28.9) 25.4 (24.7e27.2) 22.1 (20.0e24.8) 21.1 (19.8e22.8)

<18.5 (kg/m2) 0 0 3 (13.6) 4 (13.3)

�18.5 (kg/m2) 9 (100) 8 (100) 19 (86.4) 26 (86.7)

Gender

Male 3 (33.3%) 5 (62.5%) 15 (68.2%) 20 (66.7%)

Female 6 (66.7%) 3 (37.5%) 7 (31.8%) 10 (33.3%)

BMI-Body Mass Index.
a Values are expressed as Median (IQR).
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This is the first study to report on the percent dose of MET

excretion in urine in patients with DM and DMTB. Though

DMTB patients receive RMP, INH, PZA and EMB as first line

anti-TB drugs for treatment of TB, several studies provided

evidence that RMP plays a key role in the interaction with

MET.19 This study has provided information on the role of

anti-TB drugs in the urinary excretion of MET in DMTB pa-

tients thereby suggesting to monitor glucose level in these

patients. Further studies are required to understand the cause

for increased MET excretion in urine during ATT.
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Background: Diagnostic modalities for diagnosing Tuberculosis caused by Mycobacterium

group of organisms include mainly AFB smear by Ziehl Neelsen carbol fuchsin smear

microscopy, GeneXpert (CB NAAT) molecular method, Line probe assay (Molecular method)

and AFB culture (Liquid automated systems and solid media) methods.

Methods: This study was initiated to understand and prioritize TB lab diagnosis, with

reference to selection of lab diagnostic tests and its order of preference for MTC and NTM/

MOTT closely associating it with the TB irradication program initiated by the Government

of India.

Result and conclusion: The results and discussion bring to light the importance of each test

and the purpose of their requisition. When diagnosis is handled half heartedly eradication

of TB becomes a challenge. All the efforts including planning, resources in the form of

manpower, infrastructure, finances, education, time etc., would be hampered. This chal-

lenge is not only for India but the globe. For countries harboring TB, Correct diagnostic

request and timely diagnosis and treatment is the key to eradication of tuberculosis.

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

1. Introduction

Tuberculosis (TB) is a transmissible bacteriological ailment

triggered byMycobacterium tuberculosis (MTB) and is still one of

the biggest challenges for developing countries.1 Main reasons

for using the Ziehl-Neelsen (ZN) smear microscopy is its low

cost, high specificity, does not require sophisticated equip-

ment or high laboratory standards. It is one of the screening

tests. AFB Culture is the gold standard for diagnosis of TB, but

is unable to provide early results and necessarily 4e6 weeks

are required for final diagnosis. CBNAAT or GeneXpert MTB

assay takes only two hours to provide the final results10 and

indirectly differentiates MTB and Mycobacteria other than

tuberculosis/Non tuberculosis mycobacteria (MOTT/NTM)

and the test, also provides rifampicin resistance status

simultaneously.1

Tuberculosis remains one of the deadliest communicable

diseases, that is caused by the Bacterium Mycobacterium

* Corresponding author. Neuberg Supratech Reference Laboratory, Paldi, Ahmedabad, 380006, India. Tel.: þ9824010830 (mobile).
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tuberculosis (MTB).2 TB spreads by inhaling minute droplets

produced by coughing or sneezing from infected patients. The

disease usually affects the lungs (pulmonary TB) and spreads

by air transmission from people with pulmonary TB.2 Further

the study was to compare and emphasis the clinical utility of

Genexpert MTB assay for direct detection of Mycobacterium

tuberculosis complex with conventional method Ziehl-Neelsen

(Zn) smear microscopy and AFB culture method.2

Mycobacterium tuberculosis (Acid Fast Bacilli: AFB) can be

stained by using a simple staining method called Ziehl Neel-

sen carbol fuchsin (ZNCF). The Acid fast bacilli in the smear

(Mycobacterium tuberculosis) stains up bright red while nonacid

fast Bacilli as blue, when methylene blue is used as counter

stain, making this a popular method of choice for prompt

diagnosis of MTB in most of the countries.1 There are leading

reasons for using the Ziehl-Neelsen (ZN) smear microscopy

having low cost, high specificity, does not require intricate

equipment or high laboratory standards. Provisional results

can be achieved usually within two hours; however test is less

sensitive7, 8 and normally requires bacilli high as 10,000 perml

of specimen for the smear to be positive in comparison to

GeneXpert which requires 133 bacilli perml to be positive (The

study has not used ULTRA cartridges). So even an AFB smear

negative can be GeneXpert positive for MTB, however this test

can't be used to distinguish betweenMTB andMOTT/NTM. AFB

Culture is the gold standard for diagnosis of TB, but is unable

to provide early results and necessarily 4e6 weeks are

required for final diagnosis. Relatively faster radiometric

(BACTEC) and non-radiometric methods like fluorescent

labeled mycobacterium growth indicator test (MGIT) methods

are being used which provides results in 7e10 days depending

on the load of Acid Fast Bacilli. Both these methods are time

consuming to some extent.1 AFB culture by automated system

grows both MTB and MOTT/NTM. AFB culture also helps to

differentiate between viable/live and dead bacilli.1

GeneXpert (Mycobacterium tuberculosis (MTB)/rifampicin

(RIF)) is a cartridge based automated and rapid molecular

diagnostic device that performs sample processing and semi-

nested real-time PCR analysis in a single, hands-free step for

identifying Mycobacterium tuberculosis and rapid detection of

rifampicin (RIF) resistance in samples.4 Utilization of poly-

merase chain reaction (PCR) test for MTB diagnosis has been

evaluated to an appreciable extent and has already initiated to

influence clinical microbiology.1e4

Aim of this study was to assess the importance, relevance

and need of TB diagnosis, with reference to selection of lab

diagnostic tests and its order of preference GeneXpert MTB Rif

Assay in diagnosis of Mycobacterium tuberculosis complex in

comparison with Ziehl Neelsen smear microscopy and AFB

culture methods.

2. Materials and methods

This retrospective data with descriptive study was carried out

at Neuberg Supratech Reference laboratories, Ahmedabad,

Gujarat, India from 01st January 2019 to 31st December 2019.

All the specimens were studied by the following tests as

requested by the physicians.

1) Smear for AFB by ZNCF (Zeil Neelson Carbol Fuchsin)

Manual Stain

2) GeneXpert (CB NAAT Testing) for MTB and Rifampicin

(Molecular method)

3) AFB culture (By Automated MGIT culture)

ZNCF (Zeil Neelson Carbol Fuchsin) Stain assay:AFB smear

microscopy is a rapid and economical method that is very

useful to identify Acid-fast bacilli. Members of the mycobac-

terium genus have a unique cell wall structure that contains a

high concentration, over 60%, of mycolic acid. The cell wall is

the major reason for the bacterium virulence; it is associated

with impermeability to stains and dyes, antibiotic resistance

and resistance to human defense mechanism.3 The bacilli are

classified as Acid Fast Bacilli (AFB) due to their resistance to

decolourization by acids during staining procedures.11

A thin smear is prepared from the specimen. The smear is

air-dried and fixed by gentle heating. For hot staining: A filter

paper is placed on top of the smear (optional), as this does not

allow the smear to dry while heating. The slide is flooded with

carbol Fuchsin and heat is applied from below till the steam

rises. This is repeated for 2 to 3 times. The stain is allowed to

remain on the smear for 4e5 minutes. For cold staining: The

slide is flooded with carbol Fuchsin and allowed to stay for

15e20minutes. Now for both hot and cold ZNCF staining, slide

is washed under running tap water. The smear is decolorized

with 4% acid alcohol (4 mL conc. HCl in 96 mL absolute

alcohol), till no more stain appears. Methylene blue is poured

over the smear and allowed it to remain for 15e20 minutes.

The slide is washed with water and allowed to air dry. Slide is

examined under oil immersion lens.

GeneXpert MTB assay: Xpert assay was performed

following the manufacture's suggested protocol. The Xpert

MTB (Cepheid, Sunnyvale, CA, USA), rapid, automated

cartridge-based nucleic acid amplification test using RT-PCR

for the TB-specific rpoB gene can detect TB and rifampin

resistance simultaneously, and the result is available in less

than 2 hours.

Each specimen is kept in container with screw cap. The

sample reagent is added to the sample at 2:1 (v/v) ratio, using

separate plastic disposable pipette. Mix the specimen cup

properly 10e20 times using back and forth movements. The

sample is incubated in the cup for 15 minutes at room tem-

perature. During the incubation period, shake the cup at least

once, as described above. The specimen sample is liquefied

with no visible clumps of specimen after incubation. The

mixture is transferred into the Xpert MTB/RIF cartridge using

the sterile pipette provided until the meniscus is above the

minimum mark. The inoculated cartridge is placed into the

GeneXpert instrument. Results are available within two hours

and interpreted by the system automatically.5,9

AFB Culture (Manual) assay: LJ medium (Lowenstein-Jen-

sen's medium) and Middlebrook solid medium are selective

medium for isolation and cultivation of Mycobacterium.

Addition of antibiotics in the medium inhibits the growth of

non acid-fast bacilli. Selective Growth factors enrich the

growth of mycobacterium.

Proceed for culture from the sediment of petroff's con-

centration method. Inoculate 3 slopes of LJ medium
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(Lowenstein-Jensen's medium) and 3 slopes of Middlebrook

solid medium with the sediment of the centrifugation

procedure.

Incubate at 35�e37 �C in the incubator. Incubation of

Mycobacterium is always done on a different shelf. Lay the

inoculated tubes horizontally for a couple of hours for the

specimen to adhere firmly to the medium. Examine daily for

oneweek for rapid growers, or for contamination, indicated by

bluing, digestion of media etc. and thereafter at weekly in-

tervals for evidence of growth. Examine all positive cultures

microscopically to be certain that acid-fast bacilli have grown

and not a non-acid-fast contaminant that may form some-

what similar colonies.6

Final report is released either on day 56, if culture is

negative or whenever culture is positive in between. These

results have not been included in the analysis.

AFB Culture (Automation) assay: A clinical sample may

or may not contain Acid-fast bacilli. Demonstration of acid-

fast bacilli (AFB) in a smear made from a clinical specimen

provides a preliminary diagnosis of mycobacterial disease,

while the isolation of mycobacteria on culture provides a

definite diagnosis of tuberculosis or disease due to myco-

bacteria other than M. tuberculosis (MOTT bacilli) or non-

mycobacteria (NTM). As much as 50e60% of AFB culture-

positive clinical specimens may fail to reveal AFB on

smear made from the specimen. As a consequence, culture

techniques play a key role in the diagnosis of mycobacterial

disease.

In this procedure, the initial concentration of NaOH is

4%. This 4% NaOH solution is mixed with an equal quantity

of sodium citrate solution (2.9%) to make a working solution

(NaOH concentration in this solution is 2%). When an equal

quantity of NaOH-NALC-citrate and specimens are mixed,

the final concentration of NaOH in the specimen is 1%. Add

NaOH-NALC-sodium citrate solution in a volume equal to

the quantity of specimen. Vortex lightly or hand mix for

about 15e30 seconds. Invert the tube so the whole tube is

exposed to the NaOH-NALC solution. Wait for 13 minutes

(up to 15 minutes maximum) after adding the NaOH-NALC

solution. Vortex lightly or hand mix/invert every

5e10 minutes or put the tubes on a shaker and shake lightly

during the whole time. Make sure the specimen is

completely liquefied. If still mucoid, add a small quantity of

NALC powder (one pinch) directly to the specimen tube. Mix

well. At the end of 13 minutes, add phosphate buffer (pH 6.8)

up to the top ring mark on the centrifuge tube. Mix well

(lightly vortex or invert several times). Addition of sterile

water is not a suitable alternative for the phosphate buffer.

The specimen is centrifuged at a speed of 3000 g for

15e20 minutes. After centrifugation, tubes are allowed to sit

for 5 minutes and aerosols are allowed to settle. Then

carefully decant the supernatant into a suitable container

containing a mycobactericidal disinfectant. Make sure the

sediment is not lost during decanting of the supernatant

fluid. Add a small quantity (1e2 ml) phosphate buffer (pH

6.8) and resuspend the sediment with the help of a pipette

or vortex mixer. Use the resuspended pellet for making

smears and for inoculation of 7 mL MGIT tubes with liquid

Middlebrook medium. The inoculated tubes are then loaded

in MGIT 960.

3. Results

3.1. Column A

Out of 5473 total samples, 513 (9.37%) specimens were gen-

expert positive with Zn negative smear. These 513 specimens

included 57 fluids (9 specimens were AFB culture positive for

MTB, 13 specimens were AFB culture negative and 35 speci-

mens were not requested for AFB culture), 144 (28.07%) res-

piratory samples (31 specimens were AFB culture positive for

MTB, 2 specimens were AFB culture positive for NTM, 38

specimens were AFB culture negative and 73 specimens were

not requested for AFB culture), 25 CSF (1 specimen was AFB

culture positive for MTB, 1 specimenwas AFB culture negative

and 23 specimens were not requested for AFB culture), 82 pus

(25 specimens were AFB culture positive for MTB, 23 speci-

mens were AFB culture negative and 34 specimens were not

requested for AFB culture), 1 swab (1 specimen was AFB cul-

ture positive for MTB), 202 tissues (98 specimens were AFB

culture positive for MTB, 67 specimens were AFB culture

negative and 37 specimens were not requested for AFB cul-

ture) and 2 urine (2 specimens were not requested for AFB

culture) (Table 1).

3.2. Column B

3306 (60.41%) specimens were genexpert negative with Zn

negative smear. These 3306 specimens included 807 fluids (20

specimens were AFB culture positive for MTB, 251 specimens

were AFB culture negative and 536 specimens were not

requested for AFB culture), 940 respiratory samples (22 spec-

imens were AFB culture positive for MTB, 5 specimens were

AFB culture positive for NTM, 332 specimens were AFB culture

negative and 581 specimens were not requested for AFB cul-

ture), 369 CSF (5 specimens were AFB culture positive for MTB,

49 specimens were AFB culture negative and 315 specimens

were not requested for AFB culture), 157 pus (1 specimen was

AFB culture positive for MTB, 1 specimen was AFB culture

positive for NTM, 83 specimenswere AFB culture negative and

72 specimens were not requested for AFB culture), 5 swab (1

specimenwas AFB culture positive for MTB, 2 specimens were

AFB culture negative and 2 specimens were not requested for

AFB culture), 895 tissues (33 specimens were AFB culture

positive for MTB, 4 specimens were AFB culture positive for

NTM 412 specimens were AFB culture negative and 446 spec-

imens were not requested for AFB culture), 126 urine (10

specimenswere AFB culture negative and 116 specimenswere

not requested for AFB culture), 5 bone marrow (2 specimens

were AFB culture negative and 3 specimens were not

requested for AFB culture), 1 stool (1 specimen was not

requested for AFB culture) and 1 semen (1 specimen was AFB

culture negative (Table 1).

3.3. Column C

751 (13.72%) specimens were genexpert positive with Zn pos-

itive smear. These 751 specimens included 20 fluids (8 speci-

mens were AFB culture positive for MTB, 3 specimens were

AFB culture negative and 9 specimens were not requested for
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AFB culture), 563 respiratory samples (207 specimens were

AFB culture positive for MTB, 19 specimens were AFB culture

negative and 337 specimens were not requested for AFB cul-

ture), 96 pus (40 specimens were AFB culture positive for MTB,

19 specimens were AFB culture negative and 37 specimens

were not requested for AFB culture), 65 tissues (33 specimens

were AFB culture positive for MTB, 26 specimens were AFB

culture negative and 6 specimens were not requested for AFB

culture) and 7 urine (2 specimens were AFB culture positive

and 5 specimens were not requested for AFB culture (Table 1).

3.4. Column D

71 (1.30%) specimens were genexpert negative with Zn posi-

tive smear. These 71 specimens included 6 fluids (1 specimen

was AFB culture positive for MTB, 2 specimens were AFB

culture negative and 3 specimens were not requested for AFB

culture), 42 respiratory samples (16 specimens were AFB cul-

ture positive for MTB, 9 specimens were AFB culture positive

for NTM, 4 specimens were AFB culture negative and 13

specimens were not requested for AFB culture), 10 pus (2

specimens were AFB culture positive for MTB, 2 specimens

were AFB culture positive for NTM, 1 specimen was culture

AFB negative and 5 specimens were not requested for AFB

culture) and 13 tissues (3 specimens were AFB culture positive

for MTB, 3 specimens were AFB culture positive for NTM, 5

specimens were AFB culture negative and 2 specimens were

not requested for AFB culture).

3.5. Column E

There were a total of 832 specimens which were processed

only for genexpert. Out of there 188 specimens were positive

for MTB and 644 specimens were negative. The total 832

specimens were consisted of 144 fluids, 285 respiratory sam-

ples, 14 CSF, 65 pus, 1 swab, 200 tissues, 16 urine, 1 bone

marrow, 2 stool, 02 semen and 2 pure culture of mycobacte-

rium (Table 1).

4. Discussion

In case of Indian scenario we need to consider 04 different

popular clinical diagnostic practices:-

1. AFB smear (ZN Stain and fluorescence stain)

2. GeneXpert (CB NAAT Testing)

3. AFB Culture (LIQUID rapid and solid culture)

4. Line probe assay (MDR and XDR)

As we have studied 03 modalities, we shall compare and

discuss the same.

With the above Technologies there are different possibil-

ities of request:

1. Only AFB smear study requested

2. Only geneXpert requested

3. Only AFB culture requested

4. AFB smear and geneXpert requested

5. AFB smear and AFB culture requested
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6. GeneXpert and AFB culture requested

7. All three modalities requested.

ColumnA: Out of 5473 total samples, 513 (9.37%) specimens

were genexpert positive with Zn negative smear. These 513

specimens included 57 fluids (9 specimens were AFB culture

positive for MTB, 13 specimens were AFB culture negative and

35 specimenswere not requested for AFB culture), 144 (28.07%)

respiratory samples (31 specimens were AFB culture positive

for MTB, 2 specimens were AFB culture positive for NTM, 38

specimens were AFB culture negative and 73 specimens were

not requested for AFB culture), 25 CSF (1 specimen was AFB

culture positive for MTB, 1 specimen was AFB culture negative

and 23 specimens were not requested for AFB culture), 82 pus

(25 specimens were AFB culture positive for MTB, 23 speci-

mens were AFB culture negative and 34 specimens were not

requested for AFB culture), 1 swab (1 specimen was AFB cul-

ture positive for MTB), 202 tissues (98 specimens were AFB

culture positive for MTB, 67 specimens were AFB culture

negative and 37 specimens were not requested for AFB cul-

ture) and 2 urine (2 specimens were not requested for AFB

culture).

The most important point of discussion here is:

1. India is working hard on the program of TB irradiation. In

March 2017, the government of India announced that the

new aim of elimination of TB by 2025.12

2. Even after marathon efforts from the government, The

reason this does not seem probable is the point of

discussion

3. Diagnosis of Tuberculosis is a challenge as it involves the

patient, the clinician and the lab. All of the three need to be

clear on the requirement for being disease free nation (TB).

4. The government of India provides free treatment in the

public sector but as per government data 50% of India's TB

patients seek treatment in the private sector. Under-

standing TB diagnostics is not very common amongst all

population of Clinicians.

5. The Focused approach: Right clinician approach, Right

Diagnostic requests, Right technology for testing and a

compliant patient is all we need to eradicate TB.

6. TheDiagnostic knowledge on priority ofwhich tests should

be ordered for best probability of diagnosis of tuberculosis.

Table 1 shows the bifurgation of total samples received and

the break up of positives and negative results with reference

to ZNCF staining, GeneXpert (CB NAAT testing), and AFB

culture.

4.1. Column A (Table 1)

In the total 5473 samples, 513 (9.37%) samples were smear

negative and GeneXpert (CBNAAT) Positive.

1. The point of discussion here is that in almost 10% (9.37%) of

the cases we could miss TB diagnosis if only AFB smear is

requested.

2. Second important point here is that CBNAAT along with

MTB also gives rifampicin status. In case rifampicin is

sensitive the patient can immediately be put on first line

and if rifampicin is resistant, a second line LPA can be

requestedwhich allows treatment to begin inmaximum 72

hours

3. Requesting only for AFB smear for primary TB diagnosis is

misleading and should never be done.

4. If only smear is requested, and its positive, the probability

of NTM/MOTT also should be ruled out.

5. Looking at the AFB cultures for the total 513 geneXpert

positive cases in this group, 167 were positive, 142 Negative

and there was no request for AFB cultures in 204 (40%).

The possibilities here that cause concern are the

a. We could be dealing with dead bacilli and if culture is

not requested specially for patients on treatment there

would be abuse of drugs.

b. If smear is Positive or geneXpert is positive then AFB

culture is not requested

c. AFB culture allows space for DST in case there is ther-

apeutic failure even after geneXpert is Positive for MTB

with rifampicin sensitive. Therapeutic drug levels may

not be reached in numerous patients.

d. LPA can also be done from Positive AFB culture in

nonresponding patients.

4.2. Column B (Table 1)

In the total 5473 samples, 3306 (60.41%) samples were smear

negative and GeneXpert (CBNAAT) negative. AFB culture was

requested in 37% of the cases where 2.78% were Positive.

These could be patients on treatment or patients with primary

diagnosis and low load of Mycobacteria.

The point of concern in this data is:

1. In 60% of the cases AFB culture was not requested. From

the existing data close to 7% of the 60% could have been

AFB culture positive.

2. AFB smear and GeneXpert negative cannot rule out infec-

tion with viable Mycobacteria.

3. The possibility of missing out MDR and XDRmycobacterial

infections also is very likely.

4. This is not going to help us eradicate TB.

4.3. Column C (Table 1)

In the total 5473 samples, 751 (13.72%) samples were smear

Positive and GeneXpert (CBNAAT) Positive. Of these 290

(38.62%) were AFB culture positive and 67 (08.92%) were AFB

culture negative. In 394 (52.46%) patients AFB culture was not

requested, which is more than half the total cases.

The point of Discussion and concern here is:

1. In more than 50% AFB cultures are not requested

2. When AFB smear and geneXpert are positive, there are two

possibilities:

a. Primary TB diagnosis.

b. Patient on treatment.

3. When its primary diagnosis, AFB culture is very much

recommended as geneXpert gives only rifampicin results.

Even if Rifampicin is sensitive, INH resistance would be
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missed out if there is no AFB culture is requested and DST

is therefore not possible.

4. When patient is on treatment, at times smear and

geneXpert both could definitely be Positive but if AFB cul-

ture is negative it would clearly indicate dead bacilli and

free from disease. Not requesting AFB culture in almost

50% of the cases is not to going to help eradicate TB

program.

5. INH monoresistance would be missed out and patients

who do not need treatment would continue having drugs.

4.4. Column D (Table 1)

In the total 5473 samples, 71 (1.30%) samples were smear

Positive and GeneXpert (CBNAAT) negative. 36 (50.70%) were

positive for AFB culture, all NTM's. 12 (16.90%) were negative

for AFB culture. These 12 cases could be:

a. Fastidious NTM/MOTT unable to grow in MGIT

b. On Treatment, Dead NTM/MOTT where smear could be

positive but geneXpert is negative

In 23 patients (32.39%) of the cases, AFB culture was not

requested.

The points of concern here:

1. When AFB culture is not requested the evidence of getting

viable/nonviable bacteria is lost

2. Drugs for NTM therapy may continue increasing irrational

use of drugs

3. The possibility of speciation in NTM/MOTT andMIC testing

is lost when cultures are not requested.

4. This has gradually increased the load and burden of NTM/

MOTT in the society

4.5. Column E (Table 1)

In the total 5473 samples, GeneXpert alone was requested in

832 (15.20%) samples. There was no request for AFB smear or

AFB culture.

The points of concern with this data reflects:

1. GeneXpert Negative does not mean no TB. A big inhibition

in the program of eradication of TB.

2. For a patient on treatment, If geneXpert is positivewith low

or trace load, the probability of dead bacilli cannot be ruled

out. The patient would be on treatment when it might not

be necessary at all. Again irrational use of drugs

3. No AFB culture means no DST. Monoresistance to INH is

missed if present.

4. Heteroresistance andmixed population is alsomissed. LPA

could be done from positive AFB culture if there is a sus-

picion of heteroresistance or mixed population.

Understanding TBDiagnostics by both the clinician and the

lab is the key to TB eradication. There are multiple reasons

why requests are inadequate.

a. Financial aspect of testing

b. Lack of clarity on priority of Tests.

c. Patient's resistance on diagnostics

d. Nonavailability of tests in some regions

The reason the title says “The Clinician, The Lab and the

patient: Understanding lab diagnostics to eradicate tubercu-

losis “It is the responsibility of all three: The Clinicians, the

labs and the patients to understand and select tests wisely if

our common goal is to eradicate tuberculosis from our Nation.

A revision in TB national guidelines also appears to be the

need of the hour.

5. Conclusions

AFB culture remains the gold standard for Diagnosing TB. The

advantages are:

a. Low load is detected

b. Viability of TB bacilli is confirmed

c. DST is possible from positive AFB culture

d. Differentiation between MTB and NTM can be done from

pure growth of AFB culture.

GeneXpert (CBNAAT testing).

a. This is the second test which can be helpful for rapid

diagnosis. The results of MTB and Rifampicin status are

ready within 02 hours. Excellent modality for a clear case.

b. Indirect evidence of NTM may be got when smear is Posi-

tive for AFB and geneXpert is Negative.

c. The disadvantage is that it does not differentiate between

dead and live TB bacilli.

d. If rifampicin is resistant, the probability of status of other

drugs is lost if AFB culture is not requested.

AFB smear by ZNCF stain:

This method is one of the oldest basic methods of TB

diagnosis.

1. Rapid and economical method to detect AFB

2. Disadvantage is of course quality of sample, operator skill

in picking up the right material, operator skill in staining

being a manual method.

3. The test is less sensitive and normally requires bacilli as

high as 10,000 per ml of specimen for the smear to be

positive in comparison to GeneXpert which requires 133

bacilli per ml to be positive. (The new cartridge Ultra re-

quires only 13 bacilli/ml)

4. Only skilled microbiologist can theoretically differentiate

between MTB and NTM/MOTT on smear when there is a

suspicion.

The one year data very clearly proves that all the above 03

tests should be requested for TB diagnosis. In case due to any

reason fewer tests have to be ordered, then the priority should

go as follows:

1. Only one test then AFB Culture (Liquid)

2. Two tests to be requested: AFB Culture and geneXpert for

MTB
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3. All three tests is ideal and can definitely help the TB irra-

dication program.

Discussing the 03 methods, it is important to touch the

fourth method which is very commonly tested in the public

sector but not very frequently requested in the private sector.

This test is the Line probe assay. The advantage of LPA is that

the results give both Rifampicin and INH status along with

MTB band, Mixed population and heteroresistance but the

disadvantage is that the Turn around time is 48e72 hours

compared to 02 hours of geneXpert so clinicians get attracted

as results can come in early in outpatient department.

The challenge of Eradication is definitely there. But if the

public and private sector come to a consensus of choosing the

right diagnostics wisely with compulsory educational pro-

grams for all the three: Labs, Clinicians and patients, irrele-

vant of public or private sector. The process will definitely

support and strengthen the optimistic program of TB Eradi-

cation by government of India. This challenge is not only for

India but the whole world where TB is prevalent. For countries

harboring TB, Correct diagnostic request and timely diagnosis

and treatment is the key to eradication of tuberculosis.
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Background: Dry powder inhaler is a popular approach to pulmonary drug delivery to treat

tuberculosis. Spray dried Nanoparticles using lactose carrier is extensively used for pul-

monary drug delivery. Though lactose nanoparticles show deep lung deposition, they fail

to uniformly disperse nanoparticles in its original form in alveoli. Rifampicin is one of the

first line drugs in tuberculosis treatment. Lung targeted drug delivery system is an

approach to reduce dose related side effects of rifampicin. Inhalable nanoparticles also

help to target alveolar macrophages, thus improving treatment efficiency.

Methodology: This study focuses on rifampicin nanosuspension formulation and optimi-

zation using nano-precipitation method followed by characterizing effervescent DPI of

rifampicin nanoparticles with effervescent pair (citric acid and sodium bicarbonate). Pre-

liminary studies showed suitability of 4:5 solvent: antisolvent ratio and lecithin (1%) as

stabilizer. The drug and stabilizer concentration in nanoparticles was successfully opti-

mized using 3 * 2 factorial design using DESIGN EXPERT software. The rifampicin nano-

particles were further converted to spray dried powder using effervescent carrier.

Result: The effervescent pair formulation was monodisperse and had a particle size of 1.5

microns (polydispersity index 0.289), thus showing better redispersibility than lactose

nanoparticles. The mass median aerodynamic diameter and fine particle diameter of both

spray dried formulations were similar and suitable for deep lung deposition.

Conclusion: These findings are suggestive that effervescent technique can be successfully

employed to improve redispersibility of rifampicin nanoparticles.
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1. Introduction

The pulmonary route of administration has been used for

many years for the local treatment of lung diseases like

asthma, tuberculosis (TB), cystic fibrosis, lung cancer etc.

There has been growing interest in exploring pulmonary route

for systemic administration of various active pharmaceutical

ingredients especially in treatment of cancer, diabetes melli-

tus and pain treatment. In recent years, the respiratory tract

has become an attractive route of administration for a large

range of molecules and drug substances. Pulmonary delivery

is becoming an important route of drug administration for the

treatment of intra and extra pulmonary diseases because of

unique characteristics of lungs such as large surface area, thin

epithelial layer, high vascularization, avoidance of first-pass

metabolism and rapid drug deposition in the target organ

using a lower dose, which results in fewer systemic side ef-

fects than other routes of administration.1 There are three

approaches to pulmonary drug delivery viz. nebulizers, pres-

surized metered-dose inhalers (pMDIs) and dry-powder in-

halers (DPIs). DPIs are becoming more popular because they

offer high formulation stability due to their dry state and can

provide deep lung deposition.1

TB is one of the leading causes of preventable deaths in the

world today. TB is treated with a multidrug regimen including

Rifampicin (RIF), Isoniazid, Ethambutol, Pyrazinamide, and is

thus exceptionally vulnerable to incidences of side effects

such as nausea, vomiting, and epigastric pain, skin reactions,

hepatotoxicity etc.2 One of the major problems is noncom-

pliance to prescribed regimens, primarily because treatment

of TB involves continuous, frequent multiple drug dosing. In

addition to that, resistance of M. tuberculosis (M.tb) to anti TB

agents is a worldwide problem in both immune-competent

and HIV infected population. To minimize toxicity and

improve patient compliance, extensive efforts have been

made to develop particulate and colloidal carrier baseddrug

delivery system to either target the site of M. tb infection or

reduce dosing frequency.3 M.tb is known to infect Alveolar

Macrophages (AM) and affect pathogenesis of TB. M.tb hidden

in AMs is the cause of secondary tuberculosis.4

Nanoparticles (NPs) are widely used for pulmonary drug

delivery. But due to their smaller size i.e. 100e1000 nm, they

are exhaled and do not give deep lung deposition. In case of

deep lung deposition of particulates their particle size plays an

important role. Larger particles do not reach deep in the lung

and smaller particles tend to be exhaled. To get desired par-

ticle size for deep lung deposition (1e5 microns), NP agglom-

erates are formed using carrier. Spray drying or spray-freeze

drying results in variable amounts of NP aggregation and thus

delay redispersibility process and causes an increase in NP

size. An approach developed by Ely et al5 depend on adding an

effervescent pair in the formulation during the spray drying

process. On spray drying, microcarrier particles that contain

NPs will acquire effervescent properties due to which they

release NPs actively once they are in contact with any source

of water or humidity, such as the physiological fluids in the

lungs.5 There are number of excipients used as carriers in

spray drying such as mannitol, sucrose, trehalose, sodium

chloride and lactose.6,7 Lactose is one of the excipients

extensively used as carrier for spray dried powders due to its

inert properties and ability to increase bulk and surface

properties of NPs.8,9 After inhalation of dry powder of lactose

NP agglomerates, lactose gets dissolved and releases NPs in

lung fluid for absorption. Though such NP agglomerates

shows deep lung deposition but fails to redisperse the NPs in

its original form. Therefore, excipients such as a fast dissolv-

ing matrix (spray-dried lactose and mannitol and cyclodex-

trins), water soluble polymers (polyvinyl alcohol and PEG 6000)

or different surfactants (pulmonary surfactant components

and polysorbate-80) were used to enhance redispersibility.

Some excipients (e.g., polysorbate-80) that demonstrated

in vitro efficacy might be associated with in vivo toxicity.7

RIF is one of the first line drug used in treatment of TB. The

dose of RIF when orally given is 10mg/kg (maximum 600mg/

day) daily. Since the minimum inhibitory concentration of RIF

is only 0.005e0.2 mg/ml after a usual 600mg dose,2 there is a

need to decrease the dose and thus decreasing the high dose

related side effects such as skin rashes, immunological re-

actions, hepatotoxicity etc. Lung targeted drug delivery sys-

tem is an approach to reduce dose related side effects of RIF. In

addition to that, inhalable NPs will help to target AM.2,4

Narumon changsan et al,10 have performed the physico-

chemical characterization and stability studies of RIF lipo-

some dry powder formulations for inhalation. Sung et al,11

have formulated and conducted studies on pharmacoki-

netics of self-Assembled RIFNPs systems for pulmonary de-

livery. Chuan et al,12 have prepared solid lipid nanoparticles of

RIF for the enhanced delivery to alveolar macrophages.

Song et al,13 have formulated RIF loaded mannosylated

cationic nanostructured lipid carriers for alveolar macrophage-

specific delivery. However no studies have been conducted so

far on effervescent NPs agglomerates targeting the alveolar

macrophages. Highlighting the above aspects, the work un-

dertaken relates to formulation of effervescent nanoaggregates

of RIF. In the present study, an attempt has been made by the

authors to formulate nanosuspension of RIF using nano-

precipitation method and its optimization followed by devel-

opment of DPI of RIF NPswith lactose and effervescent pair and

their characterization.

2. Materials and methods

2.1. Materials

Rifampicin (RIF) was kindly gifted by Lupin (Mumbai, India),

lecithin was obtained from Alfa Aesar (India), and lactose

monohydrate (Inhalac 70) was purchased from Meggle

Pharma (Mumbai, India). Citric acid and sodium bicarbonate

were purchased from SDFCL (Mumbai, India). All other sol-

vents and reagents employed in the current study were of

analytical grade and were procured locally.

2.2. Preparation of RIF nanosuspension

RIF nanosuspension was prepared by liquid antisolvent pre-

cipitation method.14 Briefly, a weighed quantity of RIF was

dissolved in methanol AR. The resultant methanolic solution

was added dropwise with flow rate of 0.5ml/min to an
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aqueous phase containing 1%w/v lecithin and the stirringwas

continued (800 rpm) for 1 h to remove excess of organic phase.

The resultant nanosuspension was then sonicated using

probe sonicator (VCX500, Sonic andmaterial, USA) for 3min at

40% amplitude and particle size and zeta potential were

measured using Zetasizer Nano ZS (Malvern, US).

2.3. Experimental design

In order to get an optimized formulation with best size,

concept of Design of experiment (DOE) was used. There were

two major factors affecting the particle size of final product

viz. drug concentration and stabilizer concentration. Thus, in

the current study, effect of these two variables on particle size

of nanosuspension was evaluated using Design Expert 7

software (statease). The best fitting model for optimization

design was ‘Response surface 2FI model’. The independent

variables selected are shown in Table 1.

The polynomial equation generated bymodel is as follows:

Y¼ b0 þ b1X1þ b2X2þ b3X1X2

in which Y is the measured response (particle size nm), b0 is

intercept, X1 and X2 are independent variables, b1to b3 are

linear coefficients and X1 X2 represent interaction between

two independent variables. Ten batches were formulated as

suggested by software shown in Table 2 and observed re-

sponses were measured.

2.4. Development of DPI of RIF nanosuspension

The optimized nanosuspension was formulated into DPI by

spray drying. Citric acid, sodium bicarbonate (effervescent

pair) and lactose (Inhalac 70) were selected as carriers for

pulmonary delivery of nanosuspension.

2.4.1. Incorporation of RIF nanosuspension into effervescent
carrier particles
Citric acid and sodium bicarbonate (1:1) was used as effer-

vescent pair. The total concentration of effervescent pair in

formulation was optimized on the basis of presence of effer-

vescence observed visually and 3.5% w/v of effervescent pair

was selected for effervescence generation (Table 3). For the

preparation of dry powder, briefly citric acid was dissolved in

the prepared nanosuspension and immediately pH of resul-

tant mixture was adjusted to 8 by addition of ammonia solu-

tion (30%). This was followed by addition of sodium

bicarbonate to the resultant mixture. The mixture was then

spray dried using Spray drier (Labultima, Mumbai, India). The

instrumental conditions were maintained as: inlet tempera-

ture 150�Ce160 �C, outlet temperature 60�Ce70 �C, atomiza-

tion pressure 1.5 bars, aspiration rate 55e65%, and vacuum

135e140mmof Hg. The dried product was then cooled to 40 �C
and stored in vials.

2.4.2. Incorporation of RIF nanosuspension into lactose
Inhalac 70 was used as carrier in the present study. Briefly

3.5%w/v of lactosewas dissolved in prepared nanosuspension

and resultant mixture was spray dried using the above

mentioned parameters. The obtained dry powder was cooled

to 40 �C and stored in glass vials.

2.5. Characterization of spray dried product

Effervescent NP agglomerates and lactose agglomerates were

compared with respect to their particle size, zeta potential,

surface characteristics, surface morphology, preliminary lung

deposition studies and in vitro drug release study.

2.5.1. Particle size, polydispersity index and zeta potential
Weighed quantity of spray dried product was redispersed in

Millipore water and particle size, polydispersity index and

zeta potential were measured using Zetasizer Nano ZS (Mal-

vern, UK).

2.5.2. Surface morphology
Surface morphology of both spray dried formulation and RIF

sample were studied and compared using scanning electron

microscope (FEI Quanta 250, USA). Samples were mounted on

aluminum stub with carbon adhesive tape and sputter coated

by means of palladium prior to assessment.

2.5.3. In vitro release study of RIF
In vitro release study of RIF from spray dried formulations

were performed by means of the dialysis tube diffusion

technique. Phosphate buffer pH 7.4 was used as medium for

current study. Dialysis tubing (cellulose membrane) with mol.

wt. of 12,000 g/mol (Himedia). was soaked overnight in

deionized water prior to the release study. RIF loaded spray

dried formulations i.e. effervescent RIF NP agglomerates and

RIF NP agglomerates with lactose, each containing 4 mg

equivalent of RIF were redispersed in 2ml of phosphate buffer

pH 7.4 and positioned in dialysis membrane separately. Both

Table 1 e Variables in design.

Factor Level (% w/v)

�1 0 þ1Independent variables

X1 ¼ Drug concentration 0.25 0.5 0.75

X2 ¼ stabilizer concentration 0.5 1 1.5

Table 2 e Observed response in design of nanosuspen-
sion.

Batch
number

Independent variables Dependent
variables

X1 X2 Y ¼ particle
size (nm)

1 0.25 0.5 693.5 ± 66.4

2 0.25 1 822.4 ± 36.6

3 0.25 1.5 715.7 ± 29.7

4 0.5 0.5 1299 ± 42.3

5 0.5 1 1198 ± 31.7

6 0.5 1 1156 ± 43.1

7 0.5 1.5 1052 ± 37.3

8 0.75 0.5 1783 ± 29.5

9 0.75 1 1609 ± 23.6

10 0.75 1.5 1310 ± 46.2

(n ¼ 3).
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ends of the tube were secured through nylon thread and

placed in glass beaker containing 100 ml phosphate buffer pH

7.4 maintained at 37 �C ± 0.5 �C with continuous agitation at

100 rpmusingmagnetic stirrer (Remi1MLH,Mumbai, India). At

predetermined time intervals, 5 ml of aliquots were with-

drawn and equal volumes were replaced with RIF free phos-

phate buffer pH 7.4 tomaintained sink condition. The samples

were analyzed for RIF content by UV spectrometry (V-530,

jasco, Japan) at 234 nm after suitable dilution and % cumula-

tive release of RIF was calculated.

2.5.4. Preliminary in-vitro lung deposition studies
Lung deposition of spray dried nanosuspension was prelimi-

narily determined using twin stage impactor (Coopley scien-

tific, UK) by the following procedure. Both the spray dried

formulations were weighed and filled in HPMC capsules (size

3). Liquid impinger was charged with methanol AR, 7 ml for

stage 1, and 30 ml for stage 2. The air flow was adjusted to

60 ± 5 L/min. Rotahaler was used to puncture the capsules and

content aerosolized for 4 seconds was determined. Methanol

ARwas used to rinse particles deposited in each stage; and RIF

content in each stage was determined using UV spectrometry

at 234 nm. Based on drug deposited in each stage, recovered

dose, emitted dose, fine particle dose, % fine particle fraction

and dispersibility were calculated.

Mass median aerodynamic diameter of spray dried formu-

lationswas determined using Anderson cascade impactor (ACI)

(Cooply scientific, UK). Each stage of ACI has multi-oriface that

displays progressively smaller values from top to bottom. For

the present study ACI was applied with a vacuum pump under

flow rate of 60± 5 L/min. HPMC capsules containing spray dried

NP was punctured and aerosolized for 4 seconds using

Rotahaler. Methanol AR was use to rinse particles deposited on

each stage and RIF content in each stage was determined using

UV spectrometry at 234 nm. Amount of RIF deposited in

capsule, device, pre-separator, stage 0e7 was calculated. The

data was evaluated for calculating MMAD, GSD, FPD using

MMAD calculator. The particles deposited on stage 6 and 7

correspond to those present in the alveoli in vivo.

2.5.5. Confocal microscopy
The geometric diameter of the spray dried effervescent NP

agglomerates and effervescent effect of carrier particles were

investigated using confocal laser scanning microscope (Leica

Map DCM 3D). The samples were observed before and after

being exposed to humidity. The imaging prior to contact with

humidity was performed by taking spray dried formulation on

glass slide and was observed under the microscope with 20�
magnification. The effervescent imaging was obtained by

adding 3 drops of water on the same sample slide and

observing under microscope with 5� magnification.

3. Result and discussion

3.1. Preparation and characterization of RIF nano
suspension

RIF nanosuspension was successfully prepared by liquid

antisolvent precipitation method. Effect of liquid: antisolvent

ratio on particle size of nanosuspension was analyzed and

results are shown in Table 4. The particle size of RIF nano-

suspension with 4:5 ratio of solvent: antisolvent was found to

be below 8 microns with PDI 0.66 ± 0.26 whereas solvent:

antisolvent ratio 2:5 resulted in large particles with a particle

size range of 8e15 microns with increased PDI 0.81 ± 0.11. It

was observed that as solvent: antisolvent ratio was decreased

from 4:5 to 2:5; particle size of RIF nanosuspension was

increased. This increase in particle size could be due to high

supersaturation of drug in 2:5 solvent: antisolvent ratio, which

increases the mass transfer gradient of drug from solvent to

nuclei and can enhance the particle growth. Thus NPs pre-

pared with 4:5 ratio of solvent: antisolvent ratio showing

smaller particle size was chosen for preparation of RIF nano-

suspension for further studies.

3.2. Experimental design

Ten batches of nanosuspension formulations as suggested by

software were prepared by solvent precipitation method. The

observed values of response i.e. particle size for all batches are

shown in Table 2.

The selected independent variables were found to influ-

ence the response measured. All batches show size range

between 600 and 1300 nm. Using the ANOVA provision avail-

able in the software, the polynomial equations involving the

main effects and interaction factors were determined based

on estimation of various statistical parameters. The results of

ANOVA study are shown Table 5. Accordingly, model F value

for response was found to be 166.63 which indicate that the

model selected was significant. Moreover, value of

“probability > F” <0.05 indicates that the model terms are

significant. Hence for response Y, X1, X2 and X1X2 were found

to be significant model terms.

Table 3 e Concentration of citric acid monohydrate and sodium bicarbonate as carrier for effervescence generation.

Batch number Citric acid
Monohydrate (%)

Sodium bicarbonate (%) Effervescence generation

1 1.25 1.25 Not seen

2 1.5 1.5 Slightly seen

3 1.75 1.75 Good amt. of effervescence

Table 4 e Effect of solvent: antisolvent ratio on particle
size of nanosuspension.

Solvent:antisolvent Particle size
(micron)

Polydispersity
Index (PDI)

2:5 9.20 ± 5.17 0.66 ± 0.26

4:5 4.37 ± 2.68 0.81 ± 0.11

(n ¼ 3).
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The “Lack of Fit F- Value” of 2.96 indicates the Lack of Fit is

not significant relative to the pure error. There is a 41.39%

chance that a “Lack of Fit F-Value” this large could occur due to

noise. Non-significant lack of fit is good. The “Predicted R-

Squared” of 0.9353 is in reasonable agreement with the

“Adjusted R-Squared” of 0.9822which indicates significance of

model. “Adequate Precision” measures the signal to noise

ratio. A ratio greater than 4 is desired. Adequate precision was

35.161 indicates an adequate signal. This model can therefore

be used to navigate the design space. The effect of indepen-

dent variables on particle size could be quantified by the

following equation.

Particle size ¼ þ 77:79333þ 2637:33333 � X1þ 262:6 � X2
� 990:4 � X1 � X2

The positive values before a factor in the above regression

equation indicate that the response increases with the factor

and vice versa.15 Three-dimensional response surface plots

and two-dimensional contour plots were obtained from the

data by using DESIGN EXPERT 7 (statease) to ascertain effects

of independent variables on response and represented in Figs.

1 and 2 respectively. On the basis of Figs. 1 and 2 and Table 2 it

was found that variables selected for formulation optimiza-

tion had marked influence on particle size.

In Table 2, batch 3 showed smallest particle size when

minimum drug concentration i.e. 0.25% was used and batch 10

showed largest particle size when maximum drug concentra-

tion i.e. 0.75% was used and the stabilizer concentration was

kept same i.e. 0.5%. The resultant particle size was directly

proportional to the drug concentration used. In Table 2 batch 3,

5 and 1 when drug concentrationwas keptminimum i.e. 0.25%

and the stabilizer concentration was varied as 0.5%, 1% and

1.5%, results revealed that the particle size was not signifi-

cantly dependent on stabilizer concentration used. In batch 9,

4, 8 when the drug concentration was kept intermediate i.e.

0.5% and the stabilizer concentration was increased from

minimum to maximum. It was observed that as stabilizer

concentration increased particle size was decreased. In batch

10, 7 and 2 the drug concentration was kept maximum i.e.

0.75% and the stabilizer concentration was increased from

minimum to maximum. Similar effect was seen that as sta-

bilizer concentration was increased the particle size was

decreased. However, the effect on particle size was more pro-

nounced in batches with higher drug concentration i.e. 0.75%.

Thus based on above results it was observed that when drug

concentration was minimum, stabilizer concentration doesn't
have significant effect on particle size. However, at interme-

diate and maximum levels of drug, particle size was inversely

proportional to stabilizer concentration.

3.3. Interaction between drug and stabilizer
concentration

Interaction between the two factors X1 and X2 i.e. drug con-

centration and stabilizer concentration is shown in Fig. 3.

Graphically, the interactions are visualized by lack of paral-

lelism in the lines. The interaction between two variables

suggests that the effect of one variable has beenmoderated or

modified by the other variable. It was clear that when the drug

concentration was minimum there was no correlation be-

tween the stabilizer concentration and the particle size

whereas when the drug concentration was intermediate and

Table 5 e Analysis of variance (ANOVA) of optimization design.

Parameter Model
F- value

P > F for
model

P > F for X1 P > F for X2 P > F for X1 X2 Lack of fit
F value

Pred. R2 Adjusted
R2

Adequate
precision

Experimental

value

166.63 0.0001 0.0001 0.001 0.0021 2.96 0.9353 0.9822 35.161

Fig. 1 e Response surface three dimension showing effect of drug concentration on particle size of NPs.
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maximum, as stabilizer concentration was increased the

particle size was decreased. It showed that the effect of sta-

bilizer concentration on particle size has beenmodified by the

drug concentration which is interaction.

Validation of design was done by plotting three different

actual (726.93nm, 1012.46nm, 1238nm) vs. predicted (750nm,

1000nm, 1250nm) particle sizes. Results are shown in Table 6

and graphically represented in Fig. 4. Predicted particle size

Fig. 3 e Interaction between the two factors X1 and X2.

Fig. 2 e Two dimensional contour plot showing effect of variables on particle size.

Table 6 e Validation batches for optimization.

Drug concentration (%) Stabilizer concentration (%) Particle size predicted (nm) Particle size obtained (nm) % Error

0.25 0.79 750 726.93 ± 17.87 3.076

0.39 0.68 1000 1012.46 ± 20.86 �0.012

0.52 0.81 1250 1238 ± 29.51 0.96

(n ¼ 3).
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of 750nm, 1000nm and 1250nm vs. experimentally obtained

particle size of 726.93nm, 1012.46nm and 1238nm shows

3.076%, �0.012% and 0.96% error respectively and the regres-

sion coefficient was 0.9954. Percent error less than 5%

demonstrated that that the experimental particle size was

close to predicted particle size, which fits its acceptance

criteria. Since drug delivery to alveolar macrophages (AMs)

increases as particle size increases from 100 to 1000nm, the

nanosuspension prepared with 0.39% drug concentration and

0.68% stabilizer concentration giving 1000nmparticle sizewas

chosen for further studies to target AMswhich are the cause of

secondary tuberculosis. After pulmonary administration,

nanoparticles are exhaled due to their small size. Thus it is

necessary to convert it into desired particle size (1e5 microns)

using carrier. Thus optimized Nanosuspension was formu-

lated into DPI by Spray drying.

3.4. Characterization of spray dried product

3.4.1. Particle size, index and zeta potential determination
The particle size of RIF NP agglomerates with lactose and

effervescent RIF NP agglomerates after redispersion are

shown Fig. 5 (a) and (b) respectively. Average particle size of

RIF NPs agglomerates after redispersion was found to be

increased irrespective of type of carrier used. The potential

explanation for this is that carbohydrates can form a thick

protective layer around the nanoparticles which protects

them against the mechanical stress and heat stress during

spray drying, when amount of carbohydrate decreases and is

insufficient to protect the nanoparticles against the stress

during spray drying, which could increase the tendency of

particle aggregation, thus causing an increase in particle

size.16 In Fig. 5 (b) average particle size of agglomerates was

found to be 1272 nm with PDL 0.284 indicating good redis-

persibility of effervescent NP agglomerates. Zeta potential of

both formulations was �47 ± 2mV. Such high negative value

of zeta potential indicates physical stability of formulation.

3.4.2. Surface morphology assessment
Surface morphology of RIF and both spray dried formulations

were captured by SEMand shown in Fig. 6. The image obtained

reveals that RIF NP agglomerates with effervescent pair

Fig. 6(c) were highly porous and NP agglomerates with lactose

Fig. 6(b) had smooth surface, with size range of 1e10 mm,

which is suitable for deep lung deposition.5 Porous particles

with size 1e10 mm and density less than one show less

cohesiveness, better flowability, deposit deeply in lung and

redispersed properly in lung. SEM image of RIF drug show

clear elongated crystals of approximate size range 10e20 mm,

Fig. 6(a) which is not suitable for deep lung deposition.

Fig. 4 e Graph of particle size predicted and particle size obtained experimentally.

Fig. 5 e (a) Particle size of NP agglomerates with lactose. (b) Particle size of effervescent RIF NP agglomerates.
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3.4.3. In vitro release study of RIF
The results of in vitro release studies are illustrated in Fig. 7.

Percent cumulative release (%CR) of RIF from effervescent NP

agglomerates was found to be 47.42 ± 0.91 at the end of 10 hrs.

which was lower compared to % CR of RIF solution (meth-

anolic solution of RIF) i.e. 63.45 ± 2.04. This shows delayed

release of RIF from effervescent NP agglomerates compared to

that of solution. Percent cumulative release of RIF from NP

lactose agglomerates was found to be 18.71 ± 0.47, which was

very low compared to that of release of RIF from effervescent

NP agglomerates. The result reveals that effervescent particles

were able to increase the drug release by providing good

redispersibility of the NPs.5

3.4.4. In vitro lung deposition studies
Lung deposition of Rifampicin and both spray dried formula-

tions was preliminarily determined using Twin stage

impactor. RD, ED, % FPF, FPD, dispersibility data are shown in

Fig. 6 e (a) SEM image of RIF pure drug. (b) SEM image of RIF NPs agglomerates with lactose. (c) SEM image of effervescent RIF

NPs agglomerates.

Fig. 7 e Drug release from dialysis bag containing RIF, effervescent RIF NP agglomerates and RIF NP agglomerates with

lactose.

Table 7 e Parameters of RIF, effervescent RIF NPs agglomerates and RIF NPs agglomerates with lactose related to lung
deposition.

RIF (API) Effervescent RIF NP agglomerates RIF NP agglomerates with lactose

Total drug impinged (mg) 16 16 16

Recovered dose (mg) 15.94 ± 1.4 11.29 ± 2.1 11.05 ± 3.01

Emitted dose (mg) 14.20 ± 2.1 5.9 ± 0.98 4.81 ± 1.2

Fine particle fraction (mg) 0.08 ± 0.01 1.79 ± 0.63 0.58 ± 0.13

Fine particle fraction (%) 0.48 ± 0.02 15.86 ± 3.79 5.20 ± 2.13

Dispersibility (%) 0.54 ± 0.02 30.34 ± 4.18 11.94 ± 3.78

(n ¼ 3).
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Table 7. RD and ED of both spray dried formulations were less

compared to that of RIF (API). This was due to environmental

humidity which may have caused particle agglomeration and

thus inability to emit both formulations from capsule. The FPD

of both spray dried formulations was found to be more as

compared to RIF (API); which implies deep lung deposition. RIF

crystals were longer in size compared to spray dried formu-

lation thus deposited majorly in stage 1, thus showed lesser

FPF, FPF, and dispersibility. Preliminary study using TSI

showed that FPF, FPD and dispersibility of RIF (API) can be

improved by formulating spray dried NP agglomerates.

MMAD was calculated by using Anderson cascade

impactor; MMAD, % FPF, emitted dose and recovered dose,

data of both spray dried formulation are shown in Table 8.

MMAD and GSD of both spray dried formulations i.e. effer-

vescent RIF NPs agglomerates and RIF NPs agglomerates with

lactose was found to be 4.23mm, 5.29mm and 1.41, 2.03

respectively, which is suitable for deep lung deposition.

MMAD of effervescent RIF NP agglomerates was low as

Table 8 e Parameters of effervescent RIF NPs agglomerates and RIF NPs agglomerates with lactose related to lung
deposition.

Formulation Total RIF impinge (mg) RD (mg) ED (mg) % FPF MMAD (mm) GSD

Effervescent RIF NP agglomerates 40 27.47 ± 0.59 16.46 ± 9.3 15.51 ± 8.01 4.23 1.41

RIF NP agglomerates with lactose 40 27.94 ± 0.42 11.59 ± 0.98 10.59 ± 1.39 5.29 2.03

(n ¼ 3).

Fig. 8 e Confocal microscopy of effervescent RIF NP

agglomerates before exposure to humidity.
Fig. 9 e Confocal microscopy of effervescent RIF NP

agglomerates after exposure to humidity.

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 7 0 ( 2 0 2 3 ) 4 9e5 8 57



compare to that of agglomerates with lactose. This indicate

effervescent NP agglomerates deposit deep lung better than

agglomerates with lactose.

3.4.5. Confocal microscopy
Images of effervescent RIF NP agglomerates before and after

coming in contact with water were taken using confocal mi-

croscope and are shown in Figs. 8 and 9 respectively. In Fig. 8

the average geometric size of effervescent RIF NPs agglomer-

ates was found to be 9 mmwhereas after exposure to humidity

small bubbles were seen visually on the slide and in Fig. 9, the

nanoparticles were found to be uniformly distributed

throughout the gas bubbles of different sizes under the mi-

croscopes. The size of largest bubble was found to be 76 mm.

This shows that due to active mechanism the effervescence

carrier particles were able to release nanoparticles with less

particle agglomeration.5

4. Conclusion

There is need to develop easily redispersible NPs agglomerates

for the effective treatment of TB. RIF NPs were prepared by

nanoprecipitation method and formulation variables were

studied by 32 factorial design by applying DESIGN EXPERT 7.

Optimized formulation converted into DPI using citric acid

and sodium bicarbonate (3.5%) showing good FPD, MMAD and

redispersibility. SEM imaging show RIF NPs agglomerates are

suitable for deep lung deposition. However, in vivo pharma-

cokinetic as well as pharmacodynamic studies are required

for confirmation of improvement in bioavailability.
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a b s t r a c t

Background: Toll-like receptor (TLR) are ligand homologous protein in the APC cell mem-

brane that has functions as a receptor to triger leukocytes and innate immune responses.

When there is a Microbacterium tuberculosis (MTB) infection enters from droplets to the

lungs, the alveolar macrophages perform a phagocytic function. The interaction between

M. tuberculosis and the TLR macrophage receptors produces chemokines which induce

migration of monocytes and dendrite cells for destruction. Diabetes militus (DM) has

become risk factor for developing tuberculosis. DM condition will reduce immunity and the

ability of immune cell phagocytes bactery and triger severe infections. The consequences

of more severe infection and metabolic disorders that occur make a person more likely to

experience Multidrugs resistant MTB. Not much data that reports on the expression of

TLR4 as a ligand that triggers an immune response in conditions of MDR and DM. We try to

find out correlation between TLR-4 in MDR MTB, diabetes and level of MTB bacteria in

experimental animals.

Methods: We conducted an experimental study on 30 experimental mice weighing 25 grams

consisting of negative control grub, infected with MTB, infected with MDR MTB, negative

control diabetes, MTB DM, MDR MTB DM. DM animals were induced by streptozosin to

experience DM, then in the treatment of infection, intraperitoneal MTB and MDR MTB

bacterial injections were given. Termination was carried out on day 14. We count number

of bacteria level in the lungs and perform evaluation TLR4 from blood sampel.

Results: The negative control group hadmean TLR value of 1.47 (± 0.46) while the MTB group

showed an increase in TLR 9.22 (± 0.39) followed by MDR MTB 9.50 (± 0.29), DM negative
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control 9, 21 (± 0.24) and more increasing in conditions of DM MTB 13.36 (± 0.32) and DM

MDRMTB 13.35 (± 0.34). ANOVA analysis showed a significant difference (P ¼ 0.00). pearson

correlation analysis find strong correlation TLR4 in MTB and MDR MTB with diabetes.

Conclusion: there were a significant difference level TLR4 between MTB and MDR TB

infection with diabetes. higher TLR4 level higher in DM MTB, DM MDR MTB. TLR 4 strong

correlates with an increase in the number of MTB bacteria.

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

1. Background

Toll-like receptor (TLR) is a homologous protein in the APC cell

membrane that has functions as a ligand receptor to activates

leukocytes and trigger innate immune responses against

pathogens. This proteinwas first discovered in Drosophila as a

Toll protein. These receptors consist of leucine-rich areas in

the extracellum and in the cytoplasmic tail region which are

receptors for IL-1 and IL-8 and are called Toll/IL-1 receptors

(TIR).1

Activation of the TLR ligand will trigger pathogenic

phagocytosis and inflammatory responses that release phag-

osome content. Several TLRs, namely TLR2 and TLR4, are

capable of assisting the placement of phagosomes, then

become as immune system's that earliest contact with

potentially damaging microbial antigens. The most important

characteristic of TLR activation is the formation of proin-

flammatory conditions represented by certain cytokines and

chemokines, dominated by TNF-a and IL-12 on (NF) -kB and a/

b IFN on the IRF-3 TLR ligand marker.1,2

When there is an MTB infection that enters from droplets

in the lungs, the alveolar macrophages perform a phagocytic

function. The interaction between Mycobacterium tuberculosis

and receptors for macrophages (Toll-like receptors/TLRs)

produces chemokines that induce themigration ofmonocytes

and dendrite cells from the bloodstream to the infected lung.

The dendritic cells will then include bacteria, thenmature and

are destroyed by CD4 and CD8 T cells. There were a phe-

nomenon of granuloma formation due to the accumulation of

macrophages, T cells, B cells, endothelial cells, dendritic cells,

and epithelium, as well as other cells that are useful for

limiting infection, but can become a residence for M. tubercu-

losis in a relatively long period of time latent bacteria and

reactivated when there is a cytokine imbalance.3e5

Diabetes mellitus (DM) is a major risk factor for devel-

oping active pulmonary TB. Hyperglycemia in diabetic pa-

tients will lead decrease ability of cell phagocytes that has

correlation with wider spread of infection, granuloma for-

mation and p reactivation caused by the lagging and missing

granulocytic phase of inflammation. In addition, individuals

with diabetes has low elastic recoil reserves in the airways

accompanied by thinning of the alveolar epithelium and

capillary basement membrane, centrilobar emphysema and

microangiopathy. These changes will affect low lung defense

mechanism.6,7

The condition of decreased immune response, delay in

diagnosis and reactivation of TB in individuals with diabetes

will increase the risk of developing MDR which affects patient

outcomes. In this study, we wanted to determine the rela-

tionship between TLR-4 in MDR TB and diabetes mellitus and

its correlation to the level of MTB bacteria in experimental

animals.

2. Methods and materials

The research was carried out at the molecular biology and

immunology laboratory Faculty of Medicine Hasanuddin

University. This experimental research was carried out on 30

experimental mice weighing 25 grams that divided into 6

groups. Group 1 was a negative control animal, group 2 ani-

mals with MTB bacterial infection, group 3 animals with MDR

MTB bacterial infection, group 4 animals with negative control

animals with diabetes condition, group 5 animals with MTB

diabetes conditions and group 6 MDR MTB with diabetes. To

trigger diabetes, an intraperitoneal injection of Streptozosin

40mg/kgbw was carried out to damage pancreas then trigger

hyperglycemia. 3 days after blood glucose sticks were exam-

ined that taken from the tails of the mice. An increase in

fasting blood glucose above 126mg/dl was an indicator of

diabetes. 3 days after the adaptation of diabetes treatment

and negative control, animals treated with MTB infection and

MDR MTB were given an injection intraperitoneal of 0.2 ml of

normal saline mixture with culture of bacterial MTB and MDR

MTB bacterial colonies after 14 days, animal get termination,

venous blood samplingwas carried out tomeasure TLR-4 level

and examination of MTB bacterial levels from lung tissue. The

TLR-4 examination was carried out by isolation of Peripheral

Blood Mononuclear Cells (PBMC) from blood and flow cytom-

etry staining buffer. Examination of the number of bacteria is

done by counting the number of levels of bacteria per 100

microscope fields of view.

3. TLR expression

Peripheral Blood Mononuclear Cells (PBMC) was isolated from

the blood. Then the blood sample was dissolved 1: 1 with PBS

in a conical tube. Support the dissolved sample with an

amount of Ficoll volume equal to the volume of the original

sample. Centrifuge was performed for 20 minutes (1000�g)

with the brake OFF position. The PBMC is located at the

junction between the PBS and Ficoll layers into the newly

extracted tube. Fill the tube with PBS to wash the cells. Again

centrifugation of the cell suspension 4e5 minutes (300-400�g)

at 4 0C, discard the supernatant. Next, re-suspend the cell

pellets in the flow cytometry staining buffer and perform cell
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counts and viability analysis. Centrifuge the cells as in the

previous step, then re-suspend them with an appropriate

volume of flow cytometry staining buffer so that the concen-

tration is as needed.

4. Subject characteristics

Table 1 shows the current blood sugar profile and bacterial

level per field of view in all groups. The blood glucose

value shows that the mean blood sugar levels are

increased in the streptozosin induced group as diabetes

group. The highest blood glucose level value was obtained

in the DM MDR TB group with level 408 (±20.59) followed

by the DM MTB group 394.40 (±24.95) and diabetes nega-

tive control without MTB bacteria 394.20 (±13.19). Diabetes

conditions in experimental animals with MDR TB have a

higher blood sugar value than other groups. There was a

significant difference in blood glucose level in all treat-

ment groups (P ¼ 0.00).

5. The correlation between TLR-4 and MTB
conditions, MDR MTB with diabetes mellitus

Correlation analysis was carried out to assess the direction of

the relationship between the TLR-4 level and the increase in

the number of MTB bacteria in all treatment groups. In Fig. 1,

we can see there is a direct relationship with the increase in

TLR4 within each group and bacterial level. The increase in

TLRwill increasemore number of bacterial level. Mostly found

in the conditions of DM MTB and DM MDR TB. Table 2 shows

the correlation between TLR in MTB conditions, MDRMTB and

diabetes mellitus. The analysis showed a significant correla-

tion between TLR and the amount of AFB with a strong cor-

relation coefficient of R ¼ 0.744 and P ¼ 0.000.

6. Comparison TLR 4 gene expression on
MDR MTB with diabetes militus

In this study, an analysis of TLR 4 gene expression was carried

out in the treatment group of diabetic rats and then infected

with MTB and MDR MTB bacteria. Evaluation was carried out

for each experimental animal group, the TLR4 value can be

seen in Fig. 2 and Table 3.

Table 1 e Characteristic blood glucose in experimental
animals.

Animal profile Mean SD ± MineMax Median P

Blood glucose

level g/dl

Control negative 102.40 7.86 95e115 101 0.00

MTB 100.80 10.66 90e116 98

MDR TB 104.00 10.22 89e114 106

Control negative

DM

394.20 13.19 380e414 390

DM MTB 394.40 24.95 370e423 403

DM MDR MTD 408 20.59 379e437 409

Fig. 1 e Bacterial level and expression of TLR-4 in each treatment group, there is a linear increase in the number of bacterial

in MTB, MDR MTB and higher in diabetic condition.

Table 2 e Correlation of TLR to the number of bacteria
MTB and MDR MTB with diabetes.

Variable R Pa

TLR4- groups 0.878 0.000

TLR4-bacterial level 0.744 0.000

a Pearson Correlation analysis.
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TLR expression level in negative control group was 1.47

(±0.46) while the MTB group had higher level TLR 9.22 (±0.39)
followed by MDR MTB 9.50 (±0.29), DM negative control 9, 21

(±0.24) and increasing in conditions of DM MTB 13.36 (±0.32)
and DM MDR MTB 13.35 (±0.34). Diabetes conditions are able

to give the effect of increasing TLR4. In the analysis of variance

(ANOVA) there was a significant difference in themean of TLR

expression in the treatment group (P ¼ 0.00) (see Table 4).

Based on the post hoc LSD analysis, there are significant

differences in all groups except the MTB vs MDR MTB group,

MDR vs negative control and DM MTB vs DM MDR MTB group

which did not have a significant difference (P > 0.05). DMMDR

MTB and DM MTB were the highest difference value on the

expression value of TLR-4 compared to negative control.

7. Discussion

In this study, bacterial level in animals with diabetes has a

higher number per field of view. The highest mean bacterial

level was in the DM MDR MTB 201 group (±23.52), followed by

the DMMTB group 197.60 (±14.31), the MDR MTB group 181.60

(±13.93) and MTB 174 (±15.95). There were significant differ-

ences in the number of bacterial level in the DM MTB MDR

group compared to other groups. This suggests that diabetes

triggers a higher number of bacterial level of MTB. The bac-

terial level in diabetic patients will also increase due to

metabolic and the absorption problems of TB drugs, so patient

cannot reach the therapeutic targets to eliminate bacteria.

This will lead to an increase in the number of bacteria and the

risk of drug resistance. Nijland et al. Reported that TB patients

with diabetes had low level serum of rifampin 53% than non-

diabetic TB patients. Failure to reach the correct dose will

inhibit bacterial elimination and allow the risk of MDR.

Antonia et al. Reported a significant relationship between

diabetes mellitus and the development of MDR MTB.

Fig. 2 e Expression of TLR 4 gene in diabetic MTB, MDRMTB and control groups. The highest expression value was obtained

in the DM MTB and MDR MTB treatment groups.

Table 3 e TLR 4 expression level.

Treatment groups Mean SD ± Minemax Pb

Control negative 1.47 0.46 0.881e2.15 0.00

MTB 9.22 0.39 8.17e8.66

MDR MTB 9.50 0.29 9.16e9.92

Control negative DM 9.21 0.24 8.84e9.41

DM MTB 13.36 0.32 12.99e13.76

DM MDR MTB 13.35 0.34 12.90e13.84

b ANOVA test.

Table 4 e Comparison between treatment groups. By
carrying out a Post-hoc LSD analysis, the differences
between experimental animal treatments can be
assessed.

Treatment groups Mean
differences

Pc

Control negative vs MTB �7.75 0.00

Control negative vs MDR TB �8.03 0.00

Control negative vs control negative DM �7.73 0.00

Control negative vs DM MTB �11.89 0.00

Control negative vs DM MDR TB �11.88 0.00

Control negative DM vs DM MTB �4.15 0.00

Control negative DM vs DM MDR MTB �4.14 0.00

MTB vs MDR MTB �0.28 0.220

MTB vs control negative DM �0.012 0.956

MTB vs DM MTB �4.14 0.00

MTB vs DM MDR TB �4.13 0.00

MDR TB vs control negative DM �0.29 0.201

MDR MTB vs DM MTB �3.86 0.00

MDR MTB vs DM MDR MTB �3.85 0.00

DM MTB vs DM MDR MTB 0.0084 0.970

c Post Hoc LSD test.
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Individuals with tuberculosis and diabetes mellitus have a 6.8

greater risk of developing MDR MTB.8,9

TB DM patients were also described as having more severe

TB infection, requiring longer treatment and possibly devel-

oping MDR-TB than patients with TB alone. Jenn et al reported

that TB patients with DM who were compared without DM,

also experienced more severe infections, higher levels of

mycobacterial load, 17% higher treatment failure rate and

longer mycobacterial elimination than TB patients alone.10

Increased bacteria and a higher risk of MDR in patients

with comorbid TB-DM. It has been reported that poor glucose

control is often associated with phagocytic dysfunction, pro-

duction of reactive oxygen species (ROS), chemotaxis and T-

cell reactions in DM patients, thus triggering a stronger rate of

bacterial development. On the other hand, a higher myco-

bacterial burden, changes in the pharmacokinetics of anti-TB

drugs and lower adherence to treatment also encourage MDR

TB to occur in diabetic patients.11

8. The correlation between TLR on MTB
bacteria and MDR MTB diabetes conditions

TLRs are known to be homologous proteins on the APC cell

membrane that function as functional receptors that activate

leukocytes to trigger innate immune responses and responses

against pathogens. This protein was first discovered in

Drosophila as a Toll protein. These receptors consist of

leucine-rich areas in the extracellum and in the cytoplasmic

tail region which are receptors for IL-1 and IL-8 and are called

Toll/IL-1 receptors (TIR). TLR activation will trigger immunity

coding genes that cause changes in the immune response and

influence the development of TB disease.1

Once activated the TLR ligand will trigger pathogenic

phagocytosis and an inflammatory response to the phag-

osome content. Some of the most dominant TLRs in TB are

TLR2 and TLR4 which are capable of assisting phagosome

placement, as the immune system's earliest contact with

potentially damaging microbial antigens. The most important

characteristic of TLR activation is the formation of proin-

flammatory conditions represented by certain cytokines and

chemokines, dominated by TNFa and IL-12 on (NF) -kB and a/b

IFN on the IRF-3 TLR ligand marker. TLR4 recognizes myco-

bacterial lipopolysaccharides (LPS) and can trigger one of two

innate immune response pathways, the dependent or inde-

pendent MyD88 pathway. When there were an MTB infection

that enters from droplets in the lungs, alveolar macrophages

perform the function of phagocytosis. The interaction be-

tween M. tuberculosis and the TLR macrophage receptors pro-

duces chemokines which induce the migration of monocytes

and dendritic cells from the bloodstream to the infected part

of the lung. The dendrite cells will include bacteria, mature

cell then destroyed by CD4 and CD8 T.12e14

In this study, wa can see the value of TLR4 expression in

conditions of bacterial infection of MTB, MDR MTB, DM MTB,

DM MDR MTB and negative control. When there is infection,

the TLR4 value increases following MDRMTB. In conditions of

heavier infection accompanied by diabetes status, the TLR4

value is also higher in both DM MTB and DM MDR MTB. then

also there was a significant difference in TLR4 values in each

group with significant strong correlation. The existence of a

continuous increase from this is an indicator that TRL 4 can be

a biomarker for TB infection conditions including during MDR

MTB and diabetes. Previously has been known that patients

with MDR TB will usually have worse clinical pathology than

TB infection alone. Soedarsono et al. Reported that TLR was

significantly associated with more severe clinical conditions

of TB infection and MDR TB. This decrease in signaling ability

against TLR4 can greatly affect the susceptibility of TB disease.

TLR4 are of the most studied and shown to be associated with

TB susceptibility and more severe disease conditions.13,15

The results of this study also explain that the conditions of

TB andMDR TB infection accompanied by diabetes will have a

higher TLR4 value. Previously, TLR4 was also reported to have

correlation with diabetes condition and proinflammatory

stage. Mohammad et al. Reported an increased expression of

TLR2 and TLR4 in nonobese type 1 diabetic rats, then has

correlation with increased activation of nuclear factor kB

(NFKb) in response to LPS TLR4 ligands resulting in increased

proinflammatory cytokines. Sridevi et al. Also demonstrated

the increased expression and activity of TLR2 and TLR4 in

monocytes diabetic animals, also explaining that increased

TLR4 expression contributes to the pro-inflammatory state of

diabetes.16,17

9. Conclusion

There is a significant difference between TB and MDR TB

infection with diabetes will have a higher TLR4 value. TLR 4

correlates with an increase in the number of MTB bacteria.
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A study was conducted to find the applicability of vaginal tampons as an alternative to

regular cotton swabs as a nasal secretion collection tool for the higher recovery of DNA.

Nasal secretions were collected from sheep and goats using regular cotton swab and

tampon swab. The mean yield and purity of the DNA extracted from tampon were

significantly higher than that of the DNA extracted from cotton swab. The tampon swabs

resulted higher DNA recovery than the cotton swabs after they were allowed to absorb M.

bovis culture. The tampon swab was also found to be more sensitive in detectingM. bovis by

PCR. This study concluded that vaginal tampons are having a higher absorption capacity

with more DNA yield and can be used as a nasal swab in the diagnosis of bovine

tuberculosis.

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

1. Introduction

The use of swabs for the collection of samples from the nasal

or oral regions is a routine samplingmethod for use in nucleic

acid based detection tests such as polymerase chain reaction

(PCR). Improper sampling or poor absorption capacity of the

swabs used could lead to erroneous results and compromise

disease diagnosis. For isolation of respiratory pathogens,

especially Mycobacteria, it is important to use the best
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collection tool that would provide a higher yield of bacteria in

nasal secretions. Traditionally cotton swabs are used for the

collection of nasal exudates. The study aimed to determine

the suitability of the tampon swabs for the collection of nasal

secretion and isolation of DNA. Cotton and tampon swabs

were used in sheep and goats for the collection of nasal

secretion and the DNA recovery rates were compared. Myco-

bacterial culture fluid was allowed to absorb by cotton or

tampon swabs and the DNA recovery rates were compared.

PCR was done with the DNA recovered from both types of

swabs and its sensitivity (detection limit) was estimated. In

this study, tampon swabs have demonstrated better perfor-

mance in the recovery of Mycobacteria from both nasal secre-

tions and culture fluids.

2. Materials and methods

Tampons were used as a nasal secretion collection tool to

assess their absorbing efficiency over the cotton swab. Regular

cotton swab (HIMEDIA®) and O.B.®PRO COMFORT®(Johnson

& Johnson) tampon were used in this study.

2.1. Experiment 1eAbsorption of nasal secretions onto
swabs/tampons

This study was conducted in a group of small ruminants

comprising 14 sheep and 20 goats. Nasal secretions were

collected from the nostrils ofthe animal using either a cotton

swab or tampon swab from each nostril separately. The

same weight of tampon as the weight of cotton fibers pre-

sent in the cotton swab was taken for the study. Then each

swab was kept in 15ml centrifuge tubes containing 5ml

phosphate buffered saline (PBS) and stored at �20 �C till DNA

extraction.

2.2. Experiment 2eAbsorption of M. bovis culture fluids
onto swabs/tampons

This study was conducted using a positive M. bovis culture

available in our laboratory. This isolate was obtained from

post mortem sample collected from skin test positive cattle

that had died in a private farm. A total of 24 No’s of cotton

swab and tampon swab were allowed to absorb M. bovis cul-

ture available in the MGIT tubes after 42 days of growth, for 30

Fig. 1 e The yield (ng/mL) (A) and purity (A260/A280 ratio) (B) of the DNA extracted from tampon swab were significantly higher

(p < 0.05) than that extracted from cotton swab (Student's t-test) after collection of nasal secretion from sheep and goats.
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seconds. Then each swab was kept in 15 ml centrifuge tubes

and stored at �20 �C till DNA extraction.

2.3. Experiment 3eestimation of limit of detection of
M.bovis DNA in PCR (sensitivity test)

4 sets of each type of swabs were soaked in 6 serially diluted

M. bovis samples (Neat culture, 10�1, 10�2, 10�3, 10�4 and 10�5

dilutions) of decreasing bacterial concentrations. After 30

seconds of soaking, the swabs were kept in 15ml centrifuge

tubes and stored at �20 �C for sensitivity test by PCR.

2.4. DNA quantification and analysis

DNA was extracted from both kinds of nasal swabs using

XpressDNA™ Bacteria DNA Extraction Kit (MagGenome Tech-

nologies). The yield andpurity of DNAextractedweremeasured

using TECAN NanoQuant Plate™ Spectrophotometer. Differ-

ences between the two types of swabs for DNA yield and purity

were determined using the Student's t-test. Statistical signifi-

cance was set at p < 0.05.

2.5. PCR for IS6110

PCR assay was performed for the amplification of the 445bp

fragment of IS6110 to identify the presence of Mycobacterium

tuberculosis complex (MTBC). The reaction was subjected to

initial denaturation 95 �C for 10 minutes followed by 30 cy-

cles of denaturation at 95 �C for 1 minute, annealing at

58.9 �C for 1 minute and extension at 72 �C for 1 minute with

a final extension at 72 �C for 5 minutes. PCR amplification

was carried out in 15 ml reaction mixtures containing 1 ml of

DNA template, 20pM of 2ml each of forward and reverse

primers, 7.5 ml of GoTaq® Green Master Mix (Promega) and

2.5 ml of nuclease free water. The amplicons were analyzed

by gel electrophoresis in a 1.7% agarose gel. The gels were

visualized and documented using an automatic documen-

tation system.1

Fig. 2 e The yield (ng/mL) (A) and purity (A260/A280 ratio) (B) of the DNA extracted from tampon swab were significantly higher

(p < 0.05) than that extracted from cotton swab (Student's t-test) after soaking both the swabs in M. bovis culture.
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The primers used were:

IS6110 F - 5’-GACCACGACCGAAGAATCCGCTG

IS6110 R - 5’- CGGACAGGCCGAGTTTGGTCATC

3. Results

3.1. DNA yield and purity from swab and tampon used
in animals

In experiment 1, 34 No’s of sheep and goats were used. When

cotton swab and tampon swab were used as nasal swabs, the

meanyield±SDofDNArecoveredfromcottonswabandtampon

swab was 50.57 ± 3.77 ng/mL and 64.77 ± 5.65 ng/mLrespectively

(Fig. 1A). The purity A260/A280 ratio of DNA recovered was

1.72 ± 0.02 and 1.77 ± 0.01 respectively (Fig. 1B). The yield and

purity of the DNA extracted from tampon swab were signifi-

cantly higher (p < 0.05) than that extracted from cotton swab

(Student's t-test).

3.2. DNA yield and purity from swab and tampon used
in M. bovis culture

In experiment 2, 24 No’s of each cotton swab and tampon swab

were soaked in Mycobacterium bovis culture and DNA was

recovered from the swabs. The mean yield ± SD of DNA recov-

ered from cotton swab and tampon swab was 59.7 ± 7.36ng/mL

and 100.26 ± 13.34ng/mLrespectively (Fig. 2A). The purity A260/

A280 ratio ofDNA recovered fromcotton swaband tampon swab

was1.62±0.02and1.72±0.03 respectively (Fig. 2B).Theyieldand

purity of the DNA extracted from tampon swab were signifi-

cantly higher (p < 0.05) than that extracted from cotton swab

(Student's t-test).

3.3. Sensitivity of PCR in serially diluted M.bovis culture

In PCR, the lowest M. bovis concentration detectable was 1 in

10 dilutions when tampon swab used as collecting material.

But when cotton swab used, PCR detected M. bovis concen-

tration in neat culture only (Fig. 3).

4. Discussion

Nasal swabs are used to collect microbial agents from the res-

piratory tract. Vitale et al,2 reported MTBC are often detected in

nasal swabs by PCR with high specificity and Romero et al,3

demonstrated that nasal-mucus samples give better results

for the detection of the microorganism than other body fluids

like blood or milk. Woolums4 suggested that the nasal swabs

might be capable to identify bacteria associated with bovine

respiratory disease in clinically affected animals.

Reports have shown that rayon swabs yields higher DNA

and RNA concentrations5 with higher extraction efficiency6 in

swabs made of rayon. Since the tampons are made of com-

pressed layers of highly absorbent rayon or cotton or a

mixture of both, we compared the absorbing capacity of the

tamopons and cotton swabs.

Our studies clearly demonstrated that a significantly higher

DNA absorption occurred in tampons as compared to the

traditional cotton swabs and found the quality of DNAwas also

significantly higher. However, since the animals from which

swabs were taken, were all negative for MTBC PCR the effect of

higherDNAyields indiseasedetectioncouldnot beassessed.To

assess the contribution of increased DNA yields and quality on

PCR for pathogen genome detection, similar comparisons were

doneonM.bovispositiveculturefluids.TheDNAyieldandpurity

was high in tampon swab than cotton swab. In the sensitivity

Fig. 3 e Detection of MTBC by PCR for IS6110 in serially diluted M. bovis culture using cotton swab and tampon swab: Lane

1e100 bp DNA ladder, Lane 2 - M. bovis Positive Control, Lane 3 - (Tampon swab) Neat culture, Lane 4 - (Tampon swab) 10¡1

dilution, Lane 5 - (Tampon swab) 10¡2 dilution, Lane 6 - (Tampon swab) 10¡3 dilution, Lane 7 - (Tampon swab) 10¡4 dilution,

Lane 8 - (Tampon swab) 10¡5 dilution, Lane 9 - (Cotton swab) Neat culture, Lane 10 - (Cotton swab) 10¡1 dilution, Lane 11 -

(Cotton swab) 10¡2 dilution, Lane 12 - (Cotton swab) 10¡3 dilution, Lane 13 - (Cotton swab) 10¡4 dilution, Lane 14 - (Cotton

swab) 10¡5 dilution. In PCR, the lowest MTBC concentration detectable was 1 in 10 dilutions (Lane 4) when tampon swab

used. But PCR detected MTBC in neat culture (Lane 9) only when cotton swab used.

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 7 0 ( 2 0 2 3 ) 6 5e6 968



test also, tampon swab showed at least 10 times increased

sensitivity in detection ofM. bovis DNA in PCR. Similar findings

of higher sample release andmore DNA recoverywere reported

by Benschop7 and Brownlow8 in nylon flocked swabs than

conventional cotton swabs.

5. Conclusion

Our studies concluded that the vaginal tampons are more

efficient absorbing material than regular cotton swabs to

collect nasal secretions for use in nucleic acid based assays

such as polymerase chain reaction. Hence it is recommended

to use tampons for collection of nasal swabs for detection of

mycobacterial DNA, which would result in increased sensi-

tivity of pathogen genome detection. This may also be

extrapolated to other respiratory pathogen genome detection.
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Background: Female genital tuberculosis (FGTB) is a common cause of infertility in devel-

oping countries. Its diagnosis is difficult due to its paucibacillary nature, with no single test

having high sensitivity and specificity. This study is to share the experience of using

Composite Reference Standard (CRS) for the diagnosis of FGTB.

Methods: This is a prospective study conducted between September 2017 to June 2019, over

100 infertile females found to have FGTB on composite reference standard which consisted

of acid-fast bacilli on microscopy or culture, histopathological evidence of epithelioid

granuloma, positive gene Xpert on endometrial sample or definite or probable finding of

FGTB on laparoscopy.

Results: A total of 100 infertile women (78% primary, 22% secondary) found to have FGTB on

CRS were enrolled in this study. Mean age, body mass index, parity and duration of

infertility were 28.2 years, 23.17 kg/m2, 0.24 ± 0.12 and 2.41 years respectively. Various

symptoms were scanty menses (16%), irregular cycle (7%), dysmenorrhea (11%), pelvic pain

(11%). Various signs were vaginal discharge (65%), adnexal mass (6%), tubo-ovarian mass

on ultrasound (15%), abnormal hysterosalpingography findings (57.14%), positive poly-

merase chain reaction test (65%) and abnormal hysteroscopy (82.2%). The positive findings

on CRS were positive AFB on microscopy or culture (3%), positive gene Xpert (28%) (done in

some cases), epithelioid granuloma on histopathology (13%), definite findings on laparos-

copy like tubercles, caseous nodules and beaded tubes in (57.19%) patients while probable

findings of FGTB like straw colored fluid in POD, extensive dense pelvic, peri-tubal, peri-

ovarian adhesions; hydrosalpinx; tubo-ovarian mass; thick fibrosed tubes; mid tubal block;

peri hepatic adhesions (Fitz Hugh Curtis Syndrome); hyperemia of tubes/blue uterus on
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chromotubation were seen in (48.8%) patients. All patients found to be positive on CRS

were given 6 months of anti-tubercular therapy.

Conclusion: This study demonstrates the high reliability of use of composite reference

standard for diagnosis of FGTB.

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

1. Introduction

Tuberculosis continues to be a major public health problem

globally with 10 million new cases annually in the world and

2.7 million new cases in India.1,2 Liberal immigration,

concomitant HIV infection and emergence of drug resistant

TB has further fueled the epidemic of TB in the world.1,2

Female genital tuberculosis (FGTB) is a type of extrap-

ulmonary TB which causes morbidity like infertility account-

ing for about 10% cases in India.3,4 The prevalence of FGTB in

infertile women is higher in referral hospitals and in women

attending the assisted reproductive services clinics.3 In a

meta-analysis, Chaman-Ara et al observed the prevalence of

FGTB in infertile women to be 24.2%.5 Presentation of FGTB is

vague with most patients presenting with menstrual prob-

lems especially oligomenorrhea and hypomenorrhea; others

being poor general health, vaginal discharge, abdominal pain

and most importantly infertility.3,4,6

Being pauci-bacillary in nature, the diagnosis of FGTB is

difficult. Although gold standard is detection of acid-fast

bacilli (AFB) on microscopy or culture of endometrial aspi-

rate or biopsy or peritoneal biopsy, they are positive in small

percentage of cases with risk of missing the diagnosis. Poly-

merase chain reaction, though a sensitive test has high false

positivity and hence is not used for the diagnosis.3,4 Radio-

logical imaging (ultrasound, CT scan, MRI and PET-CT scan)

are useful in only tubo-ovarianmasses and are non-specific in

diagnosis of FGTB.3,4 Cartridge based nucleic acid amplifica-

tion (CB-NAAT) also called gene Xpert on endometrial aspirate

or biopsy has high specificity but low sensitivity in detecting

FGTB.7 Recently Sethi et al observed promising results with

loop mediated isothermal amplification (LAMP) assay on

endometrial biopsy but it is still not validated and is not easily

available at most centers.8 Endoscopy like laparoscopy and

hysteroscopy have been useful in diagnosing FGTB.9 In fact,

laparoscopy can detect FGTB in early stages by finding definite

findings of FGTB like tubercles, caseous nodules and beaded

tubes and by probable findings of FGTB like straw colored fluid

in POD; extensive dense pelvic, peri-tubal, peri-ovarian ad-

hesions; hydrosalpinx; tubo-ovarian mass; thick fibrosed

tubes; mid tubal block; peri hepatic adhesions (Fitz Hugh

Curtis Syndrome); hyperemia of tubes and blue uterus on

chromotubation.3,4,9,10

In conditions like extra-pulmonary TB, especially FGTB

where gold standard diagnostic tests like demonstration of

acid-fast bacilli on microscopy or culture or epithelioid gran-

uloma on histopathology is obtained infrequently with the

risk of missing the diagnosis and risk of over diagnosing and

over-treatment with tests like PCR with high false positivity,

composite reference standard (CRS) has been used for better

picking up of cases. CRS combinesmany tests which are in use

for diagnosis of that conditionwith chance of higher diagnosis

of cases. However, we should not use tests like PCR, ultra-

sound, hysterosalpingography etc. in CRS as they have poor

specificity. Tyagi et al have recommended use of CRS for

diagnosis of pleural TB, another type of EPTB.11 Sharma et al

developed Index TB Guidelines for various EPTB cases

including FGTB by using CRS.12 We performed this study to

evaluate the usefulness of using CRS in diagnosis of FGTB by

combining AFB on microscopy or culture, epithelioid granu-

loma on histopathology, gene Xpert and definite and probable

findings of FGTB on laparoscopy.

2. Materials and methods

It was a prospective study conducted between September 2017

to June 2019 in a tertiary care center. All infertile patients

attending the gynecological outpatient department were

screened after taking consent for female genital TB on the

basis of detailed history taking, general physical and gyneco-

logical examination, baseline investigations, ultrasound,

hysterosalpingography (wherever possible), endometrial bi-

opsy or aspirate for AFB microscopy or culture, gene Xpert (in

some cases), histopathology, polymerase chain reaction, Gene

pert could be done on only 50 cases as it was not available in

first half of study. Diagnostic laparoscopy and hysteroscopy

were done in selected cases with high probability of FGTB on

the basis of family history of TB or positive findings of TB with

tests like PCR and definite and probable findings of FGTB were

noted. The inclusion criteria were all patients of infertility

willing to participate in the study and found to have FGTB on

CRSwhich included five parameters; acid-fast bacilli positivity

on microscopy or culture, positive gene Xpert, positive

epithelioid granuloma on histopathology on endometrial bi-

opsy or aspirate and definite findings of FGTB on laparoscopy

like tubercles, caseous nodules and beaded tubes or probable

findings of FGTB like straw colored fluid in POD; extensive

dense pelvic, peri-tubal, peri-ovarian adhesions; hydro-

salpinx; tubo-ovarian mass; thick fibrosed tissue; mid tubal

block; peri hepatic adhesions (Fitz Hugh Curtis Syndrome);

hyperemia of tubes/blue uterus on chromotubation. The

sensitivity and specificity of various tests were calculated.

Patients not willing to participate in study, with concomitant

HIV infection, with malignancies and past history of any TB

were excluded from the study.

PCR, ultrasound, hysterosalpingography (HSG) and hys-

teroscopy were done wherever possible but were not used in

CRS. These tests along with contact history of TB or other
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symptoms suggestive of FGTB were only used to screen pa-

tients for laparoscopy and not for diagnosis. The findings of

ultrasound like adnexal mass, findings of HSG like beaded

tubes, unilateral or bilateral blockage, hydrosalpinx, intra-

vasation or extravasation of dye were observed but not

included in CRS. Hysteroscopy was performed to look for any

abnormal findings like thin endometrium (pale cavity), any

tubercles and any intra-uterine adhesions.

All patients found to have FGTB on CRS were started on

anti-tubercular therapy using directly observed treatment

short course (DOTS) under National Tuberculosis Elimination

Program of India (NTEP) for 6 months using 4 drugs (Rifam-

picin, Isoniazid, Pyrazinamide and Ethambutol (HRZE) daily in

the intensive phase for 2 months followed by using 3 drugs

(Rifampicin, Isoniazid and Ethambutol (HRE) continuation

phase for 4months daily. All patientswere followed up for any

adverse effects of drugs and liver function tests were done in

selected cases.

2.1. Statistical analysis

Data Analysis was carried out using STATA software v 12.0.

Continuous variables were tested for normality assumption

using Kolmogorov-Smirnov test. Descriptive statistics such

as mean, standard deviation, range values were carried for

normally distributed dates. Comparison of two groups

means were tested using Student's ‘t’ independent test.

Categorical data were presented as frequency and percent-

age values. Comparison of categorical values were tested

using Chi- Square/Fischer's exact test. Sensitivity and

specificity of various tests were calculated using 95% Con-

fidence Intervals.

3. Results

Out of 569 infertile women attending gynecological outpatient

department of a tertiary care center screened for female

genital tuberculosis, a total of 100 women were found to have

FGTB on composite reference standard (acid-fast bacilli on

microscopy or culture, evidence of epithelioid granuloma on

histopathology, positive gene Xpert on endometrial biopsy,

definite or probable findings of FGTB on laparoscopy). The

characteristics of the women are shown in Table 1.

The mean age, body mass index, parity and duration of

infertility was 28.2 years, 23.17 kg/m2,0.24 ± 0.12 and 2.41

years respectively. History of TB contact, BCG vaccination and

use of unpasteurizedmilk were seen in 39%, 77% and 5% cases

respectively. Primary infertility was seen in 78% and second-

ary infertility in 22% cases. Various menstrual disorders and

symptoms are also shown in Table 1. Normalmenstrual cycles

were seen in 64% women, while menstrual disorders seen

were heavy flow (2%), scanty menses (16%), irregular cycles

(7%) and dysmenorrhea (11%). Weight loss was seen in 4%,

dyspareunia in 7%, vaginal discharge in 4% and lower

abdominal pain in 11% patients.

Clinical signs and baseline investigations not included in

composite reference standard are shown in Table 2. Various

signs were pallor (10%), lymphadenopathy (4%), chest crepi-

tations (6%), abdominal tenderness or fullness (6%). On spec-

ulum examination, vaginal discharge was seen in 65%women

and on bimanual examination, normal findings were seen in

93%womenwhile adnexal tenderness and adnexalmasswere

seen in 6% and 1% women respectively. The investigations

shown in Table 2 were hemoglobin (12.2 ± 0.99 g/dL), mean

Table 1 e Characteristics of patients with FGTB (n ¼ 100). Total women screened ¼ 569. FGTB on composite reference
standard ¼ 100. Incidence of FGTB in infertile women ¼ 17.57%.

S.No. Characteristic Mean Range

1. Age (years) 28.27 ± 3.67 22e40

2. Body mass index (kg/m2) 23.17 18.33e31.93

3. Parity 0.24 ± 0.12 0e3

4. Duration of infertility (years) 2.41 ± 1.44 1e7

No. (n ¼ 100) Percentage (%)

5. History of TB contact 39 39

6. History of BCG vaccination 77 77

7. History of consumption of unpasteurized milk 4 4

8. Type of Infertility

a) Primary 78 78

b) Secondary 22 22

9. Menstrual pattern

a) Normal menses 64 64

b) Heavy flow 2 2

c) Scanty menses 16 16

d) Irregular cycles 7 7

e) Dysmenorrhea 11 11

10. Weight loss 4 4

11. Dyspareunia 7 7

12. Vaginal discharge 4 4

13. Chronic pelvic pain 11 11
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ESR (32.10 ± 12.28), mean random blood sugar (114.77 ± 15.0

mg/dL), abnormal Chest X ray showing mediastinal lymph-

adenopathy (6%). Ultrasound was normal in 82% patients and

showed adnexal masses in 15% women and thin endome-

trium in 3% women. Hysterosalpingography was not taken in

CRS but was done in 84 women. It was normal in 36 (42.8%)

women, while others had either unilateral free spill (17.8%),

bilateral no spill (28.5%), beaded tubes (9.5%), extravasation of

dye (5.9%), intravasation of dye (1.1%) and hydro-

salpinx(13.0%). Polymerase chain reaction on endometrial bi-

opsy was done in all the screened women and was positive in

376 (66.4%) women and negative in 191 (33.8%). It was not

included in CRS. In the 100 women found positive for FGTB on

CRS, PCR was positive in 65% women and had a sensitivity of

69.15% to detect FGTB but a specificity of only 34.18%. Hys-

teroscopy was done in 84 patients (who were negative for AFB

or epithelioid granuloma). It was not included in CRS. Normal

findings were seen in 15 (17.8%) women, pale endometrium

was seen in 54 (64.2%) cases, grade I or grade II adhesions in 14

(16.6%) cases and grade III adhesions were seen in 1 (1.1%)

case.

Table 3 shows the results of components of composite

reference standard (CRS) used by us in the study. Acid-fast

bacilli on microscopy or culture on endometrial aspirate or

Table 2 e Clinical signs and investigations in FGTB patients.

S.No. Characteristic Mean Range

1. Hemoglobin (g/dL) 12.21 ± 0.99 8.7e14.0

2. ESR 32.10 ± 12.78 13e67

3. Random blood sugar 114.77 ± 15.0 78e204

No. Percentage (%)

4. Pallor 10 10

5. Lymphadenopathy 4 4

6. Chest crepitations 6 6

7. Speculum examination

Normal findings 35 35

Vaginal discharge 65 65

8. Vaginal examination

Normal findings 93 93

Adnexal tenderness 6 6

Adnexal mass 1 1

9. Chest Xray

Normal 94 94

Mediastinal lymphadenopathy 6 6

10. Ultrasound Pelvis

Normal 82 82

Tubo-ovarian mass 15 15

Thin endometrium 3 3

11. Hysterosalpingography (n ¼ 84)

Normal 36 42.8

Unilateral block 15 17.8

Bilateral block 24 28.5

Beaded tubes 8 9.5

Extravasation of dye 5 5.9

Intravasation of dye 1 1.1

Hydrosalpinx 11 13.0

12. Polymerase chain reaction (n ¼ 100)

Positive 65 65

Negative 35 35

13. Hysteroscopy findings (n ¼ 84)

Normal 15 17.8

Pale endometrium 54 64.2

Grade I-II adhesions 14 16.6

Grade III adhesions 1 1.1

Table 3 e Composite reference standard (CRS) parameters in the study (n ¼ 100).

S.No. Component of CRS No. Percentage (%) Sensitivity (%) Specificity (%)

1. AFB microscopy or culture 3 3 3 100 (CI 21e38.5)

2. Gene Xpert (done in only last 50 cases) 14 14 28 100 (CI- 99.1e100)

3. Histopathological evidence of epithelioid granuloma 13 13 13 100

4. Definite findings of FGTB on laparoscopy 43 51.19 e e

5. Probable findings of FGTB on laparoscopy 41 48.8 e e
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biopsy was seen in only 3 (3%) cases. Gene Xpert was positive

in 14 out of 50 (28%) cases with a sensitivity of 28% and

specificity of 100%. Histopathological evidence of epithelioid

granuloma on endometrial aspirate or biopsy was positive in

13% cases (Sensitivity 13%, specificity 100%).

Out of 84 cases where laparoscopy was done, definite

findings of FGTB were seen in 43 (51.19%) cases with sensi-

tivity of 51.19% while probable findings of FGTB were seen in

41 (48.8%) cases with sensitivity of 48.8%. On combination of

definite and probable findings of FGTB on laparoscopy, the

sensitivity of laparoscopy was almost 100% in detecting FGTB.

Table 4 shows various laparoscopic findings in the study

patients. The definite findings seenwere tubercles (Fig. 1) in 22

(26.1%) cases, beaded tubes in 11 (13%) cases, caseous nodules

in 10 (11.9%) cases. Probable findings of FGTB were pelvic ad-

hesions in 65 (77.3%) cases, perihepatic adhesions (Fitz Hugh

Curtis Syndrome) in 31 (36.9%) cases (Fig. 2), hydrosalpinx in

12 (14.2%) cases, unilateral tubal block in 15 (17.8%) cases and

bilateral tubal block in 24 (28.5%) cases. All patients found to

have FGTB on CRS were started anti-tubercular therapy using

Directly Observed Treatment Short Course (DOTS) under Na-

tional Tuberculosis Elimination Program of India (NTEP) for 6

months.

Hence, composite reference standard (CRS) is a reliable

method of diagnosis of FGTB.

4. Discussion

Female genital tuberculosis is an important type of EPTB

causing significant morbidity especially infertility especially

in developing countries like India.3,4,6,10,13e16 It causes infer-

tility through effect on fallopian tubes (tuberculous exo-

salpingitis, TB endo-salpingitis, interstitial TB salpingitis and

salpingitis isthmica nodosa), endometrium (causing thin

endometrium, adhesions and Asherman's syndrome) and

ovaries (decreased ovarian reserve and poor quality of

ovum).17e19 The damage of genital organs ismore in advanced

cases.3,4 If diagnosis and treatment are done in early stage

before permanent damage to tubes, endometrium and

ovaries, prognosis for fertility can be improved.3,4 Hence

timely detection and early treatment with antitubercular

treatment can improve pregnancy outcome in these cases.

Though, the gold standard in diagnosis of FGTB remains

microbiological evidence of Mycobacterium tuberculosis on mi-

croscopy or culture of endometrial biopsy or aspirate or peri-

toneal biopsy, they are positive in few cases only and thus

missing the diagnosis in many women.3,4,20,21 Agrawal et al

Table 4 e Laparoscopic findings in FGTB patients.

Laparoscopy Findings No. of Subjects Percentage (%)

Definite findings

Tubercles 22 26.1

Beaded Tubes 11 13.0

Caseous Nodules 10 11.9

Probable findings

Pelvic Adhesions 65 77.3

Fitz Hugh Curtis Syndrome 31 36.9

Bilateral tubal block 24 28.5

Unilateral tubal block 15 17.8

Hydrosalpinx 12 14.2

Tubo-ovarian Mass 19 22.6

Fig. 1 e Laparoscopy showing definite findings of FGTB in the form of caseous nodules (arrow).

Fig. 2 e Laparoscopic pictures showing definite and

probable findings (pelvic adhesions, lead pipe appearance

with terminal hydrosalpinx) in FGTB.
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observed 18 positive samples out of 438 samples of endome-

trial aspirate in infertile patients with TB-PCR positivity of

3.6% as compared to 1.59% of culture.21 Histopathological ev-

idence of epithelioid granuloma on endometrial biopsy can

also be used as gold standard in diagnosis of FGTB but is again

positive in very few cases.3,4,22,23 Cartridge based nucleic acid

amplification tests (CB-NAAT) also called as gene Xpert has

been used successfully for diagnosis of both pulmonary and

extra pulmonary TB including FGTB and has been endorsed by

World Health Organization for use.1,3,4,6,7,24e26 However,

although specificity of gene Xpert is very high, its sensitivity is

low (about 30e35% in FGTB) and hence it may also miss cases

of FGTB.7

Radiological imaging technologies like ultrasound,

computed tomography (CT Scan), magnetic resonance imag-

ing (MRI) and positron emission tomography (PET-CT) are of

use mainly in tubo-ovarian masses but may not be able to

differentiate between tuberculosis and malignancy.27e29 Ul-

trasound, CT and MRI can also be used to diagnose concomi-

tant FGTB in pulmonary TB or EPTB patients presenting with

infertility to see infection of genital organs.29 However, diag-

nosis of FGTB cannot be definitely made by radiological

methods, they can mostly guide us to do microbiological

testing or to perform laparoscopy to confirm the diagnosis of

FGTB. Endoscopy (laparoscopy and hysteroscopy) have been

used in diagnosis of FGTB.9,17,30e32 Hysteroscopy can show

pale endometrium, tubercles, caseous nodules and varying

grades of adhesions in FGTB.3,4,17 Diagnostic laparoscopy is

more reliable in diagnosing FGTB as we can directly visualize

whole of pelvic and abdominal cavity and its organs, it can be

used in infertility, chronic pelvic pain, tubo-ovarian masses

(on clinical or radiological examination) and on clinical sus-

picion of FGTB in patients with positive contact history or past

history of pulmonary or EPTB with positive PCR or to differ-

entiate between tuberculosis and ovarian malig-

nancy.3,4,9,30e32 On laparoscopy, there can be definite findings

of FGTB on laparoscopy like tubercles, caseous nodules and

beaded tubes or probable findings of FGTB like straw colored

fluid in POD; extensive dense pelvic, peri-tubal, peri-ovarian

adhesions; hydrosalpinx; tubo-ovarian mass; thick fibrosed

tubes; mid tubal block; peri hepatic adhesions (Fitz Hugh

Curtis Syndrome); hyperemia of tubes or blue uterus on

chromotubation.3,4,9 Other findings in FGTB include Sharma's
hanging gall bladder sign, Sharma's blue python sign, Shar-

ma's parachute sign, Sharma's ascending colonic adhesion

sign, Sharma's kissing fallopian tubes sign.33e37

As, no single test is diagnostic of FGTB due to its pauciba-

cillary nature, a combination of various reliable tests can be

done to make a composite reference standard for higher pick

up of TB in its early stages for timely detection and treatment.

It has been used in pleural TB and other EPTB including

FGTB.11,12

In the present study, CRS was used and out of 569 screened

patients of infertility, FGTB could be diagnosed on CRS in 100

cases while individually AFB on microscopy or culture was

positive in only 3% cases, epithelioid granulomas in 13% cases,

gene Xpert in 28% cases (done in only last 50 cases), but

addition of definite findings of FGTB on laparoscopy could

detect 57.19% more cases and addition of probable findings of

FGTB on laparoscopy could detect another 48.8% cases. Hence,

out of all components of CRS, laparoscopy picked up highest

number of cases in comparison to AFB, histopathology and

gene Xpert. PCR was positive in 65% cases but was not

included in CRS due to its high false positivity, but was used to

select patients for laparoscopy. Diagnostic laparoscopy and

hysteroscopy were not done in culture or histopathology

positive cases to avoid flare up of disease and also because

they themselves are gold standard for diagnosis of FGTB. Gene

Xpert can even detect rifampicin resistance also, asMDR FGTB

can occur.38 All patients of FGTB were treated with 6 months

of anti-tubercular therapy.

5. Conclusion

To conclude composite reference standard by combining AFB

microscopy, histopathology, gene Xpert and definite and

probable findings of FGTB, can diagnosemaximum number of

FGTB cases. However, large multi-centric studies are recom-

mended before its routine use in clinical practice.
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a b s t r a c t

Introduction: Kerala is one among the States in India with least prevalence of tuberculosis

and is reportedly aiming to be the first State to reach the target of ‘Zero TB’ by 2025. But

knowledge about TB among the vulnerable groups plays a critical role in controlling the

spread and achieving the target of eliminating TB.

Materials and methods: Drawing on a collaborative research program in India to estimate the

burden of TB among tribal population, the level of knowledge and its possible links be-

tween life style of tribals, their customs and practices is examined Multi stage cluster

sampling technique was adopted and 3 wards were selected in three districts in Kerala:

Wayanad, Idukki and Palakkad which encompasses major share of the tribal population by

probability proportional to size sampling method to draw a sample of 2600 individuals.

Results: Awareness about TB among Tribal population in Kerala is impressive. However, in-

depth knowledge on how TB is caused and spread, the symptoms, place of treatment and

the cost are not so appreciable. Misconceptions and also lack of knowledge still prevail on

who is prone to TB, how TB is spread and the causative agent. The IEC activities have had

its effect in sensitizing the tribal population on how to identify the symptoms of TB. The

average knowledge score was 5.06 points (72.2 percent, SD: 1.81) out of a total possible score

of 7 points. The individual mean knowledge score is 0.65 overall considering all the

knowledge domains where the maximum value is 1 and minimum is 0. The mean

knowledge score among the Malayarayan Christians and Hindus is relatively higher but

poor among Kattunayaka and Irular tribes. Mean knowledge score decreases significantly

with increasing age. Gender differential in mean knowledge score is absent but greater

educational attainment is associated with higher knowledge scores. However knowledge is

not translated to practice of all preventive aspects of TB.

Conclusion: Knowledge deficit poses challenges in the efforts to eliminate TB in Kerala

because the State is progressing towards zero TB target. Hence spreading awareness on

these vital aspects need better focus among the tribal population.
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1. Introduction

Tuberculosis has long been considered as a public health

problem in India due to higher incidence of TB at 177 per

100,000 (notification rate). Inter state variation is evident with

half of the TB cases being reported from 5 States of Uttar

Pradesh (20 percent), Maharashtra (9 percent), Madhya Pra-

desh (8 percent), Rajasthan (7 percent) and Bihar (7 percent)

whereas in Kerala, TB incidence notified is estimated to be 1.1

percent which is 75 cases per 100,000 population.1 In India,

there has been a step by step progress in implementation of

programmes to eliminate TB ever since the National TB pro-

grammewas launched by Government of India in 1962. Recent

initiative of implementing the web enabled patient manage-

ment system for TB control NI-KSHAY-(Ni¼ End, Kshay¼ TB),

under the RNTCP had been a major step which applied to the

private sector as well as the public sector. Of late the RNTCP

has been renamed as National Tuberculosis Elimination Pro-

gram (NTEP) in 2020 aiming at elimination TB by 2025.

Kerala has been successful among the other States in

reducing TB incidence. The number of notified TB cases in

Kerala is 2.56 lakh with cases being double among men than

women as per the India TB Report 2020. About 64 percent of

the notified cases are Pulmonary TB. District wise variations

are evident from the India TB Report 2019 wherein Thrissur,

Thiruvananthapuram, Kozhikode, Ernakulam and Malap-

puram districts shows have higher burden while Idukki,

Wayanad andKasaragod have lesser burden. Kerala employed

a humanistic approach in controlling the diseases integrating

the RNTCP programme with the State's health system. Using

conventional techniques, the vulnerability mapping and sur-

veillance has been completed and the treatment of latent TB

cases is in progress following the revised RNTCP guidelines.

Moving a step forward quite early, in 2019, the Government

joined handswith private hospitals to treat andmanage latent

TB. This comes as an aftermath of annual 4 percent decline in

TB incidence in the State following the joint initiative of

Government and Public sector in controlling TB.2 Apart from

implementing the national level programmes as per guide-

lines the State has laid specific focus on diabetes-TB co-

morbidity due to the higher prevalence of diabetes.

TB among tribal population is high owing to their social

and geographic vulnerability and it has been a challenging

task ensuring adherence to TB treatment owing to the socio-

cultural and environmental factors.3 Since the life of tribals

are closely linked to their environment, habitat and socio-

cultural and religious beliefs and customs, implementation

of prevention and control activities in this regard was also

specific in Kerala. Tribal population is concentrated in three

districts Idukki, Wayanad and Palakkad. The close proximity

of the tribal population groups in these districts have brought

about tremendous changes in lifestyle. New schemes and

programmes have tended to change their life style. A shift

from agriculture and involvement of tribes in work provided

under the Mahatma Gandhi National Rural Employment

Guarantee Scheme (MGNREGS) is a noted feature. The literacy

levels have also laid its mark in the tribal population with a

substantial proportion literate. Educated unemployment is

now a noted feature among tribal population which is usually

a phenomenon noted among the general population. These

developments have also influenced the acceptance of the TB

elimination programmes. Little is known about these various

aspects among the tribals. Here we focus on the knowledge of

TB among tribal population in the three tribal dominated

districts of Kerala, their life style and practices that influence

the their knowledge of the disease.

1.1. Objectives

The primary objective of the study is to understanding the

knowledge about TB among the tribal population in Kerala.

The secondary objective is to understand the determinants

of levels of knowledge and possibly explain how the living

conditions of the tribes, their customs and practices are likely

to influence knowledge of TB among the tribes.

2. Materials and methods

2.1. Data

Data pertain to the collaborative research project “Estimate

the Burden of TB Among the Tribal Population and Develop an

Innovative Health System Model to Strengthen TB Control”

conducted by Indian Council of Medical Research (ICMR) New

Delhi with the technical support from National Institute for

Research in Tuberculosis (NIRT) Chennai. The project was

implemented in Kerala by the School of Public Health, SRM

University, Kancheepuram and carried out by the Population

Research Centre, Kerala in 2018. The study involved qualita-

tive assessment of the tribes, quantitative data collection and

also intervention activities that were made in spreading

knowledge on prevention and control of TB. The present study

uses he data so collected in Kerala.

2.2. Sampling technique

The study population was drawn using multi stage cluster

sampling technique. The three tribal dominated districts in

Kerala: Wayanad, Palakkad and Idukki were included in the

ICMRsupported study.Villageswithmore than 50percent tribal

population were selected at the second stage which lead to the

selection of Noolpuzha in Wayanad, Sholayur in Palakkad and

Arakkulamin Idukki respectively. Since thebasicunit is a ‘ward’

in Kerala one ward each from the three areas with greater rep-

resentation of tribal population selected were: Muthanga in

Noolpuzha, Chundakulam in Sholayur and Pathipally in Ara-

kkulam. All the households in the study areas were first listed

andmapped and the basic household profile were recorded.

2.3. Sample size

The study considered only usual residents and hence included

2609 tribal respondents aged 15 years and above from 952

households from three study areas: 373 households from

Noolpuzha (Wayanad), 326 households from Arakkulam

(Idukki) and 389 households from Sholayur (Palakkad). Nool-

puzha, a large village located in Sulthan Bathery Taluk of

Wayanad district, is a tribal dominated one with Schedule
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Tribe (ST) constituting 51.6 percent of the population.

Muthanga ward (the study area), with 89.6 percent of its

population as Tribes is dominated by Kurumas, Urali, Kattu-

nayakka and Paniya tribes. Arakkulam, a village located in

Thodupuzha Taluk of Idukki district, has a substantial repre-

sentation of Malayarayan Hindu, Malayaraya Christian and

Urali community. Pathipally ward (the study area) has 86.6

percent of its population as Scheduled Tribes. Malayarayans

out class all the other factions in socio-economic and educa-

tional aspects. Sholayur (the study area), village located in

Mannarkad Taluk of Palakkad district, is a tribal dominated

district with Schedule Tribes (ST) constituting 52.17 percent of

the population. Irular community dominates the area

selected.

2.4. Methods

Univariate, bivariate and multivariate analysis derives the

details of the study population, their demographic, socio-

economic characteristics, the knowledge about tuberculosis

and the association with habits and negative health behav-

iours. Descriptive statistics was performed to summarize the

data. Thereafter ‘Mean knowledge score’ is estimated by

considering 7 domains of knowledge which were knowledge

on cure, transmission, cause, symptoms, place of diagnosis,

group at risk and cost of treatment. So the total unweighted

score varies between 0 and 7 when the respondent's correct

answer to questions on knowledge is assigned a value of 1 and

wrong answer or ‘don't know’ response is assigned a value of

‘0’. A single summary score for each topic was estimated and

averaged by the number of variables. Mean score for each

individual was correlated to the factors that influence the

knowledge of respondent. Respondents were asked about the

prevention strategies they usually adopted in getting TB

infection. Their response to this practice of preventing TB is

linked with knowledge about TB to understand the impor-

tance of having good knowledge about the various aspects of

TB. Univariate and multivariate regression analysis is

employed to derive the association between knowledge about

TB and the socio-demographic variables. The dependent var-

iable id ‘knowledge about TB’ classified as ‘poor’ and ‘good’

knowledge. Age converted to a dichotomous variable based on

mean age of the population, sex, education (in years of

schooling) and occupation (, no job, skilled and unskilled job),

district of origin, prevalence of symptoms of TB and substance

use ware introduced in the model as independent variables.

The findings fromqualitative assessment through focus group

discussions are used to substantiate the quantitative assess-

ment findings.

2.5. Ethical approval

Ethical approval for carrying out the Project “Estimate the

Burden of TB among the Tribal Population and Develop an

Innovative Health System Model to Strengthen TB Control”

was obtained from the Ethics Committee, SRMMCH& RC, SRM

Institute of Science and Technology, Kattankulathur. All the

subjects included in the research study had given informed

consent in writing before participation.

3. Results

The district wise distribution of tribal population out of the

total sample was 31.1 percent from Palakkad, 38.3 percent

from Wayanad and 30.7 percent from Idukki district. The

distribution of Tribes in the sample population as depicted in

Fig. 1 shows one in three tribes under study to be Irular.

Malayarayan (Hindu and Christrian) and the Kuruma tribes

have almost equal representation in the study population. The

Fig. 1 e Percentage distribution of tribes in the sample population.

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 7 0 ( 2 0 2 3 ) 7 7e8 6 79



Urali tribes constitute about 12 percent and Paniya and Kat-

tunayaka represent less than ten percent of the sample

population.

A breakup of age of tribal population under study reveal

12.7 percent to be the elderly and those in the younger cohort

of 15e30 years is almost thrice this proportion (35 percent)

(Table 1). Almost one in three respondents are 31e45 years

and one in five are aged 46e60 years.

The slightly higher representation of elderly when

compared to the total elderly population of Kerala (12.6

percent) is partially due to the longer periods of absence of the

adult population among the tribal groups who often go for

work like collection of forest produce, while the elderly pop-

ulation remain at home.

Females slightly outnumber males in the sample popula-

tion as we observe in the general Kerala population. The dis-

tribution of population by marital status shows nearly 65

percent of the tribal population to be currently married, 23.6

percent unmarried and one in ten to be widowed.

Revamping the educational sector has been the top priority

in Kerala and tribal population too receive due focus. There

have been remarkable changes in the educational status of the

tribal population in Kerala which is the resultant of conscious

Governmental efforts for the upliftment of the tribal com-

munity and those living in remote areas. Compulsory

schooling, special concessions, tribal hostels, reservations

granting more intake of students in schools/colleges etc for

tribals has had its effect as we find three in five tribals

completing 10 years of schooling and one in ten going for

higher educational levels. .

One in three tribals are reported to be currently working

although engaged in small income generating activities. The

non working group includes house wives and students. Again

the impact of the various programmes in the state and also

the special reservations in occupation extended to the ST

population in an attempt to bring them to the main stream is

visible in the proportion of the study population holding

Government or Private jobs (10.1 percent). Over one in four

earn their livelihood by own cultivation and just about 20

percent are engaged in agricultural/Live stock. MGNREA has

absorbed 8.8 percent of the population living in the tribal areas

and 7.4 percent earn from Construction work. These obser-

vations highlight how the life of tribal population shifted

drastically.

3.1. Awareness about TB

The journey towards Zero TB by 2025 is the country's goal and

Kerala is reported to be in the forefront. Tribal population

have good awareness about TB. About 92 percent of the pop-

ulation had heard about TB. The source of information is from

multiple sources. Friends/neighbours/peers have been the

most important source (77.9 percent). The efforts of the State

in sensitizing the tribal population are evident as over one in

three respondents report the source of information to be

Posters/pamphlets/Propaganda. One in four received aware-

ness about TB from Television. Doctors/Health Staff and

Village Health Nurse provided information to 21.4 percent of

the respondents. Students report hearing about TB from

School/College (see Table 2).

Although the basic awareness of tribal population on TB is

impressive, in-depth knowledge on how TB is caused and

spread, the symptoms, place of treatment and the cost are not

so appreciable.

The fact that TB is curable is known to 84 percent of the

respondents (Table 3). But 22 percent of the respondents are

totally ignorant onwho is prone to TB and also half of them do

not know how TB is spread. What is more striking is the

ignorance on how TB is caused. Knowledge that the causative

agent is a microorganism is known to just 29 percent of the

respondents. Misconceptions that TB is an inherited disease

still prevail. Others feelmalnutrition, smoking and alcoholism

causes TB although they are risk factors (see Fig. 2).

One in three tribals interviewed do not know how TB is

spread. Only 64.6 percent are aware that it is an airborne

disease. So spreading awareness on these vital aspects need

better focus among the tribals (see Table 3).

Table 1 e Percentage distribution of study population by
background characteristics.

Percentage Percentage

Age Marital Status

15e30 35.0 (905) Currently married 64.9 (1681)

31e45 32.1 (832) Never Married 23.6 (610)

46e60 20.2 (523) Divorced/Separated 1.5 (39)

60þ 12.7 (329) Widowed/Widower 10.0 (259)

Gender Current Work Status

Male 47.9 (1240) Working 69.3 (1794)

Female 52.1 (1349) Non Working

(includes Housewife,

Students)

30.7 (795)

Education a Occupation

Illiterate 19.9 (515) Govt/Pvt 9.1 (64)

1e9 years 40.9 (1059) Own cultivation 26.6 (478)

10 years 19.5 (505) Agriculture/Livestock 19.7 (353)

>10 years 19.7 (510) Construction work 7.4 (133)

2589 MGNREA 8.8 (157)

Forest labour

and product

5.2 (93)

Other 23.2 (416)

1794

a Expressed as no. of years of schooling.

Table 2 e Percentage distribution of tribal population by
source of awareness about TB.

Source of Knowledgea Percentage

Doctor/Health Staff 13.2

Village Health Nurse 8.2

Television 26.1

Radio 2.1

Newspaper 14.6

Posters/Pamphlets/Propaganda 36.4

Health Program at Work Place 7.8

Self Help Group Meetings 6.6

Friends/neighbours/peers 77.9

Self/TB History 9.0

School/College 17

Others 3.7

a Multiple response.
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Around 83 percent of the respondents are aware about the

free treatment for TB. The tribal population are always in close

contact with the primary health care institutions and their

health issues are strictly followed up by the grassroot level

workers. Somajority of the respondents are aware of the place

of treatment for TB. However the IEC activities seem to have

had it effect in sensitizing the tribal population on how to

identify the symptoms of TB. Themost common and foremost

symptom of TB, ‘Cough that lasts more than 2 weeks’, is

known to about 88 percent of the respondents. One in three

tribals associates ‘weight loss’ alongwith cough as a symptom

of TB. More than a quarter of them are aware that ‘tiredness’,

‘expectoration’ and ‘chest pain’ are symptoms of TB. Symp-

toms like ‘blood in sputum’, ‘fever’ etc are known to less than

20 percent of the tribal population.

Table 4 presents the results of Univariate and multivariate

analyses that was employed to understand the level of sig-

nificance and association of socio-demographic variables on

the respondents knowledge about TB.

Age and sex of respondent fails to significantly explain the

respondent's knowledge in the multivariate model although

both variables showed association in the Univariate analysis.

Respondents who have attained formal schooling are signifi-

cantly at greater odds of having good knowledge about TB

(AOR ¼ 4.83 (CI: 2.07e11.26) for <10 years and (CI: 23.31

9.95e54.62) for �10 years of schooling)). Respondents who are

doing unskilled jobs have better odds of having good knowl-

edge than those without jobs (AOR ¼ 1.68 (CI: 1.27e2.21).

Prevalence of symptoms of TB, interpreted here as chest

symptomatic respondents, do not show significant association

with knowledge. However those who had reported substance

use in the form of use of alcohol/drugs/tobacco are at signifi-

cantly lesser odds of having good knowledge that those who do

not report substance use.

The average knowledge score was 5.06 points (72.2 percent,

SD: 1.81) out of a total possible score of 7 points. The individual

mean knowledge score is 0.65 overall considering all the

knowledge domains where the maximum value is 1 and

minimum is 0. We find that themean score varies by districts,

type of tribes, age, gender and education.

The study population includes 7 major tribes in the State.

The mean knowledge score among the Malayarayan Chris-

tians and Hindus is relatively higher (around 0.90). Ethno-

graphic descriptions and anthropological observations speak

of the Malayarayan tribes to be more civilized,4 occupied

better positions in social hierarchy among tribes5 all of which

contributes to better understanding of programmes imple-

mented on TB. The Kuruma and the Urali tribes too fare

better with mean knowledge scores around 0.70 and 0.80.

Paniya tribe of Wayanad district depicts mean knowledge

score of around 0.60. Knowledge about TB is poor among

Kattunayaka tribes especially with regard to the mode of

transmission, cure, cause etc although most of them have

heard about TB.

The mean knowledge score is highest among tribals in

Idukki district as this district has greater representation of

Urali and Malayarayan tribes who are better informed about

TB. Wayanad district is dominated by Kurumas, Kattunaya-

kas, Paniya and also Urali and hence the knowledge level is

only average as we found Kattunayakas to be having lesser in-

depth knowledge about TB. Since Palakkad district is domi-

nated by Irular community and the study sample too repre-

sent the same, this district has the least mean knowledge

score.

The higher knowledge levels in Idukki is not surprising

given the specific focus on TB diagnosis and treatment in

Idukki which is all set to being declared as a TB free district.

Spreading awareness, vulnerability mapping, active case

Table 3 e Percentage distribution of tribal population by knowledge about tuberculosis.

Know that TB is Curable Percentage Know the symptoms of TB Percentage

Yes 83.6 Cough that lasts>2 weeks 87.7

No 1.3 Expectoration 26.6

Don't know 15.1 Chest pain 29.1

Know who is prone to TBa Blood in sputum 17.8

Anybody 65.7 Shortness of breath 10.6

Women/Men/Children 3.8 Loss of appetite 7.5

Smokers 11.2 Fever 15.5

Alcoholics 5.9 Weight loss 36.2

Other 4.4 Night sweats 3.9

Don't Know 22.3 Tiredness 26.6

Know how TB is caused Others 2.4

Microorganisms 28.8 Don't know 7.7

Hereditary 1.8 Know where TB is diagnosed

Malnutrition 2.1 Govt. health facility 90.3

Smoking/Alcoholism 18.9 Private health facility 14.7

Other 3.7 Other 0.8

Don't Know 50.5 Don't Know 9.1

Know how TB is spread Know TB treatment is free

Air 64.6 Yes 83.4

Food 7.4 No/Don't Know 16.6

Other 4.9

Don't Know 33.5

a Multiple responses.
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finding to regularly monitor, test and treat, financial support

to patients to access treatment, door-to door screening by

health staff and better diagnostic tools to speed up treatment

paved the way to this achievement in Idukki and the other

districts are not far behind in the goal.

Mean knowledge score (Fig. 3) differs significantly by age as

theyounger cohorts arewell informedabout thevariousaspects

of TB and mean score decreases clearly with increasing age of

the population. Gender differential inmean knowledge score is

absent. Greater educational attainment levels are associated

with higher knowledge scores. In-depth knowledge about TB is

poor among illiterates. Respondents who had attended

secondary school and above are well informed of the mode of

transmission, causes, symptoms and cost of treatment of TB.

Kerala is aiming at achieving the goal of ‘zero TB’ well

ahead of the target year 2025. Through the Nikshay portal of

Government of Kerala, every notified TB patient is tracked in

real time for adherence to treatment protocol.

3.2. Ignorance about TB in the context of TB elimination

Tribal population forms a vulnerable group and knowledge

deficit poses challenges in the efforts to eliminate TB and the

finding that around 9 percent of the sample population have

Fig. 2 e Knowledge among tribal population about various aspects of tuberculosis.
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not evenheardofTB isamatterof concern in theStatesprogress

towardszeroTBdrive.The lackof in-depth completeknowledge

on causes of TB, spread and mode of transmission is also

observed even among those who have heard of the disease. So

we focus on the group of respondents who have not even heard

of TB due to the importance accorded to ‘zero TB drive’.

Ignorance about TB is prevalent among all age groups

among those who are unaware of the disease. Gender differ-

entials are evident but not substantial. Two in three re-

spondents are illiterate. Among the tribal groups who have

not heard of TB, Irular tribes form the major share (71.5

percent) which necessitates specific focus especially in Pal-

akkad district where Irular tribes are concentrated. Substan-

tial share of the Kattunayaka tribes either have very lowmean

knowledge scores among those who have heard of TB or have

not at all heard about the disease.

Smoking, alcoholism, use of drugs have been shown to be

significantly associated with tuberculosis in studies done

across the country.6e9 Without proper knowledge about TB

the tribals continue to be the victims of such negative be-

haviours increasing their risk of TB.

Ever use of smokeless tobacco has been found among 83

percent of the tribal group who are ignorant about TB, history

of smoking is found among 22 percent and alcohol use was

reported by 31 percent (see Table 5). One in five have ever

smoked and ever use of alcohol is reported by nearly one-third

of the respondents. Overall 88 percent of this ignorant group

have atleast one negative behaviour exposing them to the risk

of TB. Malnutrition is also found among this tribal group as

evident from lower BMI values. One in 10 respondents are

under-nourished.

When respondents were asked what they do to prevent

themselves from being infected with TB, the positive re-

sponses were ‘cover the mouth while coughing’, ‘not spit-

ting in open’, ‘maintaining personal hygiene’, ‘keeping

surrounding clean’ and ‘good nutrition’. Those who knew

about it practised the preventive aspects. Very few re-

spondents knew that BCG vaccination was to prevent TB.

Mean practice score developed varied between 0 and 1. Only

few people practised all the prevention aspects. Maximum

response was only for ‘cover the mouth while coughing’. So

the mean practise score was only 0.22 with very few re-

spondents with mean score above 0.50. However knowledge

is found to be linked to practices followed in preventing the

disease (see Fig. 4).

Though highmean practice scores are associatedwith high

knowledge scores, the mean practice score hovers between

values 0.15 and 0.20 among majority which indicates knowl-

edge is not translated to practice of all preventive aspects of

TB. Most of them prevent infection by just covering mouth

while coughing which places the mean score below 0.2.

Table 4 e Association between socio-demographic variables and knowledge about TB in Univariate and multivariate
analysis.

Variable Univariate Multivariate

OR 95% CI P value AOR 95% CI P value

Age (<40 years)a

�40 years 0.54 0.44e0.65 <0.000 0.85 0.65e1.10 0.216

Sex (Male)

Female 1.28 1.06e1.55 0.010 1.26 0.97e1.63 0.08

Educationb (Illiterate)

<10 years 0.02 0.01e0.05 <0.001 4.83 2.07e11.26 <0.001
�10 years 0.17 0.13e0.21 <0.001 23.31 9.95e54.62 <0.001
Occupation (No job)

Unskilled Job 1.39 1.11e1.75 0.004 1.68 1.27e2.21 <0.001
Skilled Job 0.70 0.49e1.00 0.052 1.33 0.87e2.04 0.193

Chest Symptomatic (No)

Yes 3.01 1.28e7.03 0.011 1.53 0.59e3.99 0.384

Substance Use (No)

Yes 0.21 0.16e0.25 <0.001 0.52 0.39e0.68 <0.001
District (Wayanad)

Idukki 2.64 2.14e3.26 <0.001 2.59 2.01e3.33 <0.001
Palakkad 0.42 0.31e0.56 <0.001 0.52 0.37e0.73 <0.001

N 2354 2354

-2Log likelihood 2002.66

Reference categories given in parentheses against each variable.

AOR e Adjusted Odds Ratio.
a Mean age of the population is 39.8 years.
b Education expressed in years of schooling.

Table 5 e Percentage distribution of study population
who do not have knowledge about TB by behaviour
aspects.

Behavioural Aspects Percentage

Ever use of Smokeless Tobacco 83.4 (196)

Ever Smoked (cigarette, beedi etc) 21.7 (51)

Ever used Alcohol 31.1 (73)

Total 235
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4. Discussion

An important aspect of inquiry is the question of whether

knowledge is linked to the lifestyle of the tribal population.

Qualitative assessment through focus group discussions and

key informant interviews in the study portrayed the life and

traditions of the tribes in the three districts under study which

substantiates thefindingsonlevelofknowledgeaboutTB.Social

exclusion due to rigid customs, isolated settlements in hilly

interior parts of the districts continue to hinder programmes

aiming at development of tribes.10 Among the tribals under

Fig. 3 e Mean knowledge Score against 1. Tribes, 2. Districts, 3.Age, 4. Gender and 5. Education of respondent. Error bars:

95% Confidence Interval.
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study, traditionally Kurumaswere engaged in hunting. But now

they are engaged inanimal husbandry, agriculture etc. and they

move out of their place and take up MGNREGA jobs. Many of

them pursue Government jobs. Urali tribes, concentrated in

Idukki district reside in the woods, showed little interest in

hunting, engages in cultivation of different crops and are not

strangers to thetownsanditsdevelopments. Paniyacommunity

is engaged as coolies or manual workers. Majority of them are

servants in well to do families and staying with those families.

Malayarayan tribes are hill tribes who are more civilized, supe-

rior in appearance and self sufficient. Unlike these tribes, Kat-

tunayakas and Irular tribes continue to have rigid customs and

practices. Irular tries, concentrated in Palakkad district and one

of the larger tribal groups aremarginalized tribes, Kattunayakas

are primitive tribes and like Irulars, marriages outside the

community are not allowed.Most of themarehoneydwellers in

deep forest and also collect forest products. Usually females do

not do any job. So the Kattunayakas and to some extent the

Irular tribes exhibit a more or less closed community without

much exposure to the outsideworld which limits opportunities

to create awareness. True to these variations in exposure to the

outsideworld, the levelofknowledgeaboutTBarehigheramong

Malayarayans, Urali, Kurumas and to a substantial extent the

Paniyas but rather poor among Irular and Kattunayakas.

Among thosewho have not heard about TB the Irular tribes

form the largest share, seclusion and rigid customs posing to

be the barriers in educating them although the State has no

dearth of awareness programmes. The words of a village or

hamlet ‘head’ or ‘Moopan’ as they are called substantiate their

beliefs: “I believe that TB (better known as ‘Ellurukki Novu’

among tribals) patients do not live longer and can be cured only if

our ‘God’ cures them”. Such beliefs deter them from ideal

practices to prevent TB as is evident in the low mean practice

scores. Traditional practices like keeping a dead body in a

separate place in the hamlet, singing and dancing around it,

practice of a young girl spending one month following

menarche in a separate hut outside the house, offerings made

during burial whatever the person liked the most including

even alcohol, fruits and food etc. speak of their customs

practised even now. A tribal woman remarked in one of the

FGDs: “We prefer natural herbs and medicines for treatment of any

illness and only when it is not gone, we seek care at the hospital”. A

young man expressed his wish of going back to old practice of

cultivating crops of their choice in their house premises rather

than being victims of life style diseases like diabetes and hy-

pertension due to dependence on food supplied through the

Pubic Delivery System (PDS) and Community Kitchens (a

programme for providing meals within the locality to manage

malnourishment). Breaking through such rigid customs and

spreading knowledge about TB and transcribing into good

practices, treatment of TB and its follow up etc are major

challenges atleast among certain tribal communities.

Findings of multivariate analysis show the significant as-

sociation of education on knowledge levels and hence better

focus could be laid on improving detailed awareness on mode

of spreading, free treatment and practising methods to avoid

spread. So the observed variability in knowledge among

different tribal groups is partially due to the geographic loca-

tion which isolates certain groups and varying customs and

traditional beliefs of the different tribal groups. Implementa-

tion of TB prevention and control activities would be more

effective if the tribal promoters, hamlet ASHAs and educated

youth within the tribal community are used for intervention

activities to increase awareness on TB. Inspite of these efforts

there is lot to be done in creating better knowledge about the

various aspects related to TB among certain tribal commu-

nities inorder to achieve the goal of zero TB by 2025.
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Background: Tuberculosis is still a major public health problem in India. This study aims to

assess trends in the burden of tuberculosis from 1990 to 2019 for tracking success of

tuberculosis control programme in India.

Methods: In this study, the 2019 global burden of disease study data were used to measure

the incidence, prevalence, mortality, and disability-adjusted life years lost (DALY)rates of

Tuberculosis during 1990e2019 for India and its states. Age and gender-specific rates were

also analyzed for India. All rates were age-standardized and 95% uncertainty intervals (UIs)

were computed.

Result: Overall incidence, prevalence, death and DALY of TB decreased in India from 1990 to

2019. Tuberculosis morbidity and mortality was higher in males as compared to females.

Incidence of TB was low in children up to 14 years of age. Prevalence of TB was higher in

females as compared to males till 29 years of age, whereas higher prevalence was reported

in males as compared to females in adults aged 30 years and more. Death rate of TB was

low in children and young adults up to 29 years of age.

Conclusion: This study shows that overall incidence, prevalence, death and DALY of

tuberculosis decreased from 1990 to 2019 in India. The burden of TB was higher among

males as compared to females during study period. TB affects all the age groups but deaths

were higher in older age groups.

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

1. Introduction

Tuberculosis (TB) is a chronic infectious disease and one of the

leading public health problems in India.1 A total of 1.4 million

people died and 10 million people fell ill from TB in 2019

around the globe.2Worldwide, TB is one of the top 10 causes of

death.3 Eight countries account for two thirds of the total TB

burden, with India leading the count. India hasmore than 27%
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of the world’s burden of both TB and drug resistant TB.2 In the

year 2019, TB incidence in India was 2.6 million cases, of

which 59% were in men, 34% in women and rest in children

0e14 years.4 Risk of TB is attributable to HIV, diabetes, un-

dernutrition, smoking, harmful use of alcohol, poverty and

indoor air pollution.2 As per a review 7e32% of drug sensitive

TB and 68% of drug resistant TB patients in India experience

catastrophic costs during the diagnosis and treatment of

TB.5A loss of nearly $300 million due to lost wages and a $3

billion indirect cost per year to the Indian economy is attrib-

utable to TB due to staff absenteeism and lost productivity.6

Global public health and TB community is shifting its focus

from control of the TB epidemic towards elimination. WHO

has set an ambitious goal of ending global TB epidemic by 2030

under the End TB Strategy, which targets to reduce TB deaths

by 95% and new cases by 80%, and to ensure that no family is

burdened with catastrophic expenses due to TB. As per the

strategy, 20% reduction in the global TB Incidence was ex-

pected between 2015 and 2020, but only 9% cumulative

reduction in TB incidence was seen between 2015 and 2019at

the rate of 2% fall per year.2 India has set an even more

ambitious target of ending TB by 2025.7 TB Incidence in the

country has declined nearly 11% from year 2015 (217per

100,000population) to 2019 (193 per 100,000 population).4

NationwideTBprevalencesurveywasdonein1955e58,8after

that Government of India launched National TB Control Pro-

gramin1962.Tilldatenoothernationwidestudywasconducted;

TB continued to have high burden and wide variation in the

prevalence acrossdifferent parts of the country asper anumber

of district/sub-district level surveys conducted by various

investigators.9,10Prevalence of bacteriologically positive pul-

monaryTB inadultswas found tovary from170.8 (123.5218.2) to

528.4 (433.5, 623.3) per 100,000 populations in a pooled estimate

of eight different sites of India during the year 2005e2011.

Prevalence was found to be higher in rural areas, among males

and increasedwith age.11 TB counts aremainly obtained as part

of the routine surveillanceunder the Program, but real picture is

not visible as the largenumbers ofpatients seek treatment from

the private providers. To tackle this problem notification of all

TB cases was made mandatory through Nikshay (National Dig-

ital InformationSystem) in theyear 2017 despite that 540,000TB

affected persons remain uncaptured by TB surveillance/notifi-

cation and services.7 Paucity of nationwide prevalence, inci-

dence studies was a rationale to conduct an analysis for

understanding the real scenario.

Though incidence, prevalence, mortality and DALY of

tuberculosis decreased over past few decades but it is still a

major public health problem in India. This study aims to

assess trends in the burden of tuberculosis from 1990 to 2019

for tracking success of tuberculosis control programme in

India.

2. Material and methods

The Global Burden of Disease study provides valuable re-

sources for understanding the evolving health problems that

people around the world face in the twenty-first century. The

Global burden of disease study is one of the most systematic

global observational epidemiological studies to date, led by

the Institute for Health Metrics and Evaluation (IHME).GBD

provides comparable estimates of incidence, prevalence,

mortality and DALYs rate for various diseases including TB.

2.1. Data sources

GBD 2019 estimated various epidemiological measures such as

prevalence, incidence, mortality, disability-adjusted life-years

(DALYs), years lived with disability (YLDs) and years of life lost

(YLLs)for23agegroups;bothsexescombinedaswellasseparately

for males and females. GBD provides these estimates for 21 re-

gions and seven super-regions and also separately for 204 coun-

tries.12Datasourcesusedtomodelnon-fatalhealthoutcomesfor

tuberculosis in India includes annual case notifications, preva-

lence surveys conducted by Government of India under revised

national tuberculosis control programme and published scien-

tificarticles.Themainsourcesofdataused tomodel thecauseof

death for Tuberculosis in India was vital statistics, medical cer-

tification of cause of death for the country and various states,

cause of death studies by verbal autopsy (VA), other surveys on

causeofdeathandpublished scientificarticles.12

Cause of Death Ensemble model (CODEm) and spatiotem-

poral Gaussian process regression were used to calculate

Cause-specific death rates and cause fractions. CODEm has

been defined in detail elsewhere.13e16 Tomeasure YLLs, deaths

were multiplied by standard life expectancy at each age. To

ensure consistency between prevalence, incidence, remission,

excess mortality, and cause-specific mortality for several cau-

ses a Bayesianmeta-regressionmodelling tool, DisMod-MR 2.1,

was used. To measure YLDs, prevalence estimates were

multiplied by disabilityweights formutually exclusive sequelae

of diseases and injuries. The 25th and 975th ordered 1000 draw

values of the posterior distribution were used to measure un-

certainty intervals (UIs) for each metric.12

The case definition includes all forms of TB, including

pulmonary TB and extrapulmonary TB, which are bacterio-

logically confirmed or clinically diagnosed. In this study we

considered TB with corresponding ICD 10 codes: A10-A19.9,

B90eB90.9, K67.3, K93.0, M49.0 and P37.0.

We have extracted the incidence, prevalence, Death and

DALYs rate of TB for 1990 to 2019 from a publicly available

online tool provided by the IHME which is called the GHDx

(Global Health Data Exchange) query tool (http://ghdx.

healthdata.org/gbd-results-tool).17We have calculated the

percentage change and annualized rate of change in the es-

timates of tuberculosis for the aforesaid period.

3. Results

There is decrease in the incidence of TB in all the age groups in

both the sexes. Over all the incidence of TB changed from

320.13 (95% UI, 262.21e387.69) in 1990 to 218.83 (95%

UI,186.24e256.62) in 2019 per 100,000 persons i.e. TB incidence

fell by �31.64% from 1990 to 2019. The incidence of TB in fe-

males (�40.02%) fell more vis-a-vis males (�23.15%). Overall,

the age-standardized incidence fell by �42.85% from 1990 to

2019, it fell more in females (�47.74%) as compared to male

(�37.81%). In both the sexes the maximum decrease in the

incidence of TBwere reported in Under 5 years followed by age
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group of 5e14 Years i.e. �66.89% and �66.2% respectively, In

males �65.17% and �60.46% respectively, whereas In females

maximum decrease in the incidence of TB were reported in

the age group of 5e14 Years followed by Under 5 years i.e.

�68.92% and �67.96% respectively from 1990 to 2019. The

minimum decrease in the incidence of TB was reported in the

age group of 15e49 Years in both sexes and in males i.e.

�37.67% and �28.01% respectively from 1990 to 2019 whereas

in female’s the minimum decrease in the incidence of TB was

reported in the age group of 50e69 Years i.e. �40.63%. There is

increase in the incidence of TB in the age group of 5e14 Years

in both the sexes as well as in females, whereas in males

increased incidence is reported in the age group of all ages

from 2015 to 2019. In males increased incidence of TB is re-

ported in the age group of 15e49 Years and all ages from 1995

to 2000, age standardized incidence also increased during

same period in males. In females increased incidence of TB is

reported in the age group of 15e49 Years and all ages from

1995 to 2000 & in the age group of 50e69 Years from 2010 to

2015 [Table 1].

There is decrease in the prevalence of TB in all the age

groups in both the sexes from 1990 to 2019. Overall, the

prevalence of TB changed from 564.24 in 1990 to 374.22 in 2019

per 100,000 persons i.e., TB prevalence fell by �33.68% from

1990 to 2019, whereas the age-standardized prevalence fell by

�44.91% during same period. The age-standardized preva-

lence fell more in females (�51.15%) vis-�a-vismales (�38.17%).

In both the sexes the maximum decrease in the prevalence of

TB were reported in the age group of 5e14 Years followed by

Under 5 years i.e. �66.07% and 64.29% respectively, In males

�63.43% and �62.63% respectively, whereas in females

�67.04% and �65.18% respectively from 1990 to 2019. The

minimum decrease in the prevalence of TB was reported in

the age group of 15e49 Years in both sexes and males i.e.,

�39.07% and �27.39% respectively from 1990 to 2019, howev-

er, in females the minimum decrease in the prevalence of TB

was reported in the age group of 50e69 Years i.e., �44.74%.

There is increase in the prevalence of TB in the age group of

5e14 Years from 2015 to 2019 in both sexes, inmales aswell as

in females [Table 2].

There is decrease in the mortality due to TB in all the age

groups in both the sexes. Over all the mortality of TB changed

from 71.76 (63.53e79.70) in 1990 to 30.39 (25.77e35.86) in 2019

per 100,000 persons i.e., TBmortality fell by�57.65% from 1990

to 2019. The maximum decrease in the mortality of TB was

reported in the age group of Under 5 years in both the sexes,

males and females i.e., �88.27%, �88.13% and �89.47%

respectively from 1990 to 2019. The minimum decrease in the

mortality of TB was reported in the age group of 15e49 Years

in both sexes and in males i.e., �65.64% and �61.09% respec-

tively, whereas in females the minimum decrease in the

mortality of TB was reported in the age group of 50e69 Years

i.e. �69.28% from 1990 to 2019. In males increase in the mor-

tality due to TB is reported in the age group of 5e14 Years from

1995 to 2000 [Table 3].

There is decrease in the DALY of TB in all the age groups in

both the sexes. Over all the DALY of TB changed from 3105.43

(2780.10e3440.63) in 1990 to 1125.42 (971.85e1307.52) in 2019

per 100,000 persons i.e., TB DALY fell by�63.76% from 1990 to

2019. The maximum decrease in the DALY of TB were

reported in the age group of Under 5 years in both the sexes,

males and females i.e., �88.43%, �87.72% and �88.96%

respectively from 1990 to 2019. Theminimumdecrease in the

DALY of TB was reported in the age group of 15e49 Years in

both sexes andmales i.e., �64.65% and �59.66% respectively,

from 1990 to 2019. In females slight increase in the DALY of

TB is reported in the age group of 50e69 Years from 2010 to

2015 (Table 4).

Incidence rate of TB was higher in males as compared to

females from 1990 to 2019; However, prevalence was higher in

females from 1990 to 1995, after that prevalence was reported

higher inmales as compared to females. There is a decrease in

the trend of age-standardized death and DALY rates of TB in

males as well as in females from 1992 to 2019; however, age-

standardized death and DALY rates of TB were always

higher in males as compared to females (Fig. 1).

Incidence of TB was low in children up to 14 years of age

andmore in 15 years and above age group. Incidence of TBwas

higher in females as compared to males up to 24 years of age,

whereas 25 & above years population incidence of TB was

higher in males as compared to females. Prevalence of TB was

higher in females as compared to males till 29 years of age,

whereas higher prevalence was reported in males as

compared to females in adults aged 30 years and more. Death

rate of TB was low in children and young adults up to 29 years

of age & higher in adults aged 30 years and more. Death rate

was higher in males as compared to females in all the age

groups except in infants (Fig. 2).

Highest incidence of TB was reported in Northern States of

India i.e., Rajasthan, Gujarat and Uttar Pradesh & lowest

incidence was reported from Kerala; Highest Prevalence was

reported from Rajasthan, Uttar Pradesh, Madhya Pradesh

Assam and Gujrat & lowest were reported from Goa, Kerala

and Tripura. Highest death rate was reported in Rajasthan,

Gujarat, Uttar Pradesh, Chhattisgarh, Assam andMeghalaya&

lowest in Kerala. DALYswas highest in Uttar Pradesh and high

in Rajasthan, Gujarat, Chhattisgarh, Assam and Uttarakhand

and lowest in Kerala (Fig. 3).

4. Discussion

India has made a remarkable progress to reach Millennium

Development Goals (MDGs) and started its journey towards

Sustainable Development Goals (SGDs) in relation to TB as per

our study and same has been confirmed by few other different

studies.18 Our study showed that incidence, prevalence,

mortality and DALY of TB all decreased from 1990 to 2019 in all

the age groups and among both sexes in India. Overall

decrease in incidence, prevalence, mortality and DALY was

found to be 31.64%, 33.68%, 57.65% and 63.76% respectively.

Although, the reduction in TB deaths in India during

2015e2019 has been very less (4%) as compared to other SEAR

countries.19 Annual surveys conducted by Tuberculosis

Research Centre, Chennai in Thiruvellur district of Tamil

Nadu between 1999 and 2005 showed a decline in prevalence

of TB at the rate of about 12% per year,20 However, our study

showed 7.3% decline in prevalence during the same period.

Decline in the TB incidence, prevalence, and mortality among

under five and 5e15yearswas noticeable in our findingswhich
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could be due to the expansion of BCG vaccination under uni-

versal immunization program. While looking at State wide

distribution (Fig. 3) Northern States like Rajasthan, Uttar Pra-

desh and Gujarat, and North eastern statesmainly, Arunachal

Pradesh, Assam have high TB morbidity and mortality while

northern states have larger population and north eastern

states lack behind in providing good health care services.

Southern States like Karnataka, Kerala have higher preva-

lence of TB but lower mortality and DALYs which may be due

to better health care services in these states. With the

mandate of notification by the Private Providers through

Nikshay.

India’s fight for TB started with the launch of National TB

Control Program (NTCP) (1962e1992), which relied mainly on

chemoprophylaxis and BCG vaccination. By 1993, it was real-

ized that NTCP failed in reducing TB burden, BCG was used

without clear role in TB control and there was no other

alternate for primary prevention, prevalence of drug resis-

tancewas increasing andHIV pandemic had set in21. This was

the time when WHO declared TB as the Global emergency,

DOTS was launched and NTCP was redesigned during the

same year as Revised National TB Control Program (RNTCP)

whichwas rolled all over India by 2005. Prior to its launch case

fatality rate of TB was 25% which declined to 5% in the post

RNTCP era as reported under the Program, though WHO es-

timates of 2019 still reports it to be 17% as Program mentions

only the registered cases barring themissing cases.4,22 In 2007,

Programmatic Management of Drug Resistant TB (PMDT) was

initiated under RNTCP and made it pan-national in 2013, as

the studies reportedMDR prevalence to be 0.5e3% among new

cases and 12% among retreatment cases.23Over the years an

increase in the prevalence of drug resistance among new TB

patients while decrease among previously treated TB patients

has been noted by a recentmeta-analysis. A number of factors

have been shown to be associated with DR-TB in this analysis

like male sex, younger age, history of previous treatment,

delay in initiating treatment, one or more treatment regimens

being advised, treatment side effects, irrational prescriptions,

poorly formulated medications and insufficient dosage and

length of treatment, poor knowledge and financial burden are

some of them. Lack of affordable access to the reliable testing

solutions has remained as the biggest challenge in the control

of DR-TB.24 Also, past few years treatment success rates of

MDR TB under our national programme has been found to be

low (46%).25 In the year 2012, Indiamandated notification of TB

cases through Nikshay portal and newer initiatives like Pa-

tient Provider Support Agency channelled by a third party

agency usually an NGO to rope in the missing TB cases within

the Program.26 As a result of which increase in the incidence

and prevalence during the year 2015e2019 was noticed in our

study. Also, by adoption of “End TB Strategy” WHO has set an

ambitious goal of ending the global TB epidemic by 2030, with

targets to reduce TB deaths by 95% and new cases by 80%, and

to ensure that no family is burdened with catastrophic ex-

penses due to TB. The global discourse has brought impetus to

the program with more resource allocation and increased

political commitment, universal drug sensitivity testing by

GeneXpert, fixed dose combination therapy for drug sensitive

cases and use of newer drugs for drug resistant cases like

Bedaquiline and Delamanid, ICT-based adherence support,

enhanced monitoring and pharmacovigilance, enhanced

surveillance through an updated Nikshay platform it seems

country has geared up to detect the missing one, treat the

diagnosed.

Table 2 e Prevalence of TB by age-sex from 1990 to 2019 in India (per 100,000 persons).

Age Sex 1990 1995 2000 2005 2010 2015 2019 % D (1990e2019)

Both Sexes

Under 5 167.37 154.36 128.94 111.64 90.24 69.45 59.77 �64.29

5e14 Years 270.53 246.21 221.94 188.81 141.26 88.69 91.78 �66.07

15e49 Years 642.58 597.95 596.76 472.57 434.86 395.93 391.52 �39.07

50e69 Years 1125.44 1041.84 965.75 808.24 743.12 716.56 652.46 �42.03

70þ Years 2231.70 2061.89 1936.39 1568.50 1303.91 1207.57 1110.69 �50.23

All ages 564.24 531.28 523.00 436.61 401.85 376.60 374.22 �33.68

Age Standardized 707.94 655.19 628.78 512.03 453.70 410.62 390.03 �44.91

Male

Under 5 122.09 113.05 91.20 78.55 63.42 51.82 45.62 �62.63

5e14 Years 146.14 128.82 118.21 106.12 83.52 50.55 53.44 �63.43

15e49 Years 572.73 549.60 558.05 470.97 446.26 426.64 415.86 �27.39

50e69 Years 1305.52 1227.48 1169.05 1008.75 943.95 878.42 795.91 �39.04

70þ Years 2432.79 2284.10 2199.48 1789.76 1513.68 1386.88 1272.24 �47.7

All ages 514.64 494.41 496.89 436.47 417.50 404.98 399.57 �22.36

Age Standardized 693.67 654.66 641.05 543.40 495.01 457.50 428.92 �38.17

Female

Under 5 216.27 199.34 170.18 147.91 119.65 88.81 75.31 �65.18

5e14 Years 406.06 377.11 338.56 280.70 204.77 130.49 133.82 �67.04

15e49 Years 718.17 649.96 638.17 474.28 422.73 363.35 365.67 �49.08

50e69 Years 923.62 840.35 755.10 603.24 538.20 554.48 510.42 �44.74

70þ Years 2034.95 1840.96 1675.37 1362.52 1121.11 1052.43 968.48 �52.41

All ages 618.08 571.32 551.19 436.77 385.23 346.65 347.53 �43.77

Age Standardized 722.74 656.53 618.37 482.69 414.61 365.61 353.03 �51.15

TB: Tuberculosis; % D: the percent changes of Prevalence rate from 1990 to 2019.
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Policy makers realized that TB can’t be controlled unless

the attributable risk factors like HIV, malnutrition, smoking,

diabetes are managed well. The population attributable frac-

tion for various risk factors in relation to TB in India has been

estimated to be 31.6% due to undernutrition, 11.3% to smok-

ing, 9.1%, diabetes, 5.0% to HIV27 But amongst all highest

relative risk of having TB is associated with HIV.19 During the

year 1992 first HIV-TB co-infection was reported.21 Since, the

year 2001 TB-HIV coordination activities have been imple-

mented in the country and they were intensified to cover the

entire country by 2012. That included offering HIV testing to

TB patients, intensified TB case finding at Integrated

Fig. 1 e Gender wise trends of incidence, prevalence, death and DALY rates of Tuberculosis for India; 1990 to 2019. (a)

Incidence, (b) Prevalence, (c) Death, (d) DALYs.

Fig. 2 e Age and Gender wise distribution of Incidence, Prevalence, Death and DALY rates of Tuberculosis for India in 2019.

(a) Incidence, (b) Prevalence, (c) Death, (d) DALY.
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Counselling and Testing Centers (ICTC), Antiretroviral Ther-

apy (ART), and community care centers and linking of HIV

positive TB patients to National AIDS Control Programme and

RNTCP for care and support.28 All this resulted in increased

HIV testing overtime from around 11% in 2008 to more than

81% tested in 2019. And proportion of TB Patients who are HIV

positive has decreased from 18% to 2% due to rigorous efforts

in controlling the disease.7

Risk of TB has found to be 3fold higher among tobacco

smokers than non-smokers29 and 2e7fold higher odds of

treatment failure among smokers has been seen in two cohort

studies conducted in Malaysia and Morocco.30 Risk of Second

Fig. 3 e State wide distribution of age standardized rates of TB in India for 2019. (a) Incidence, (b) Prevalence, (c) Death,

(d) DALY.
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Hand Smoke (SHS) associated active TB (pooled RR 3.41, 95%CI

1.81e6.45) among children is 3 fold higher than, the risk in

adults exposed to SHS (summary RR 1.32, 95%CI 1.04e1.68).31

An example of strong political advocacy was seen with

enactment of Cigarette and other tobacco products act

(COTPA) during 2003 which exercised ban on all kind of to-

bacco products to the minors (<18years), and ban on smoking

in the public places. From 2009 to 2016 overall smokers in

India reduced from 14% to 10.7%. Prevalence of smoking was

higher among men as compared to women during all these

years.32

Diabetes Mellitus is associated with higher the risk of TB

infection, TB disease, adverse impacts on TB treatment out-

comes like mortality during TB treatment, TB relapse, and

possibly multi-drug resistant TB. In 1990, 11.4%of new TB

incident cases and 14.5% of TB-related deaths were attributed

to DM. While in 2017, this proportion increased to 21.9% cases

and 28.9% deaths respectively. Higher proportion may be

attributed to the better reporting following inclusion of the

mandatory screening for DM in the program during 2017.33

Undernutrition and TB share a chick and egg kind of rela-

tionship. An increased risk of TB is associated with under-

nutrition, TB itself can lead to malnutrition. Risk of

progression from latent TB infection to active disease, drug

toxicity, relapse and death are increased due to undernutri-

tion. Nearly 20e22% of adults and 35% of children are under-

nourished in India as per NFHS-4.34 One of the secondary data

analysis mentioned that half of all TB cases among adoles-

cents and adults in India could be attributable to undernutri-

tion. The analysis highlighted the need to address

undernutrition among adolescents and adult men in India,

given the marginal difference in their prevalence of under-

nutrition among women and children who always have been

the focus of attention in studies on undernutrition.27 Poverty

and undernutrition and are interlinked, more than half of the

yearly income in LowMiddle Income Countries is spend on TB

care by the patients and their affected families. Large pro-

portion of this economic burden is contributed by wage loss

(60%) and non-medical expenses (20%), therefore even when

free treatment is availed in majority of these countries it

doesn't guarantee the financial protection. 'Social protection'
schemes' can cover such indirect costs and out of pocket

expenditure and will also improve access to the quality TB

services as recommended by the End TB strategy. In 2018
0Nikshay Poshan Yojana' (NPY) was launched by Government

of India to fulfil this aim. It is a cash assistance scheme to

support TB patients during treatment. Overall main focus of

the NPY is to help the TB patients to complete their treatment

by giving social protection and nutritional support.35

India accounts for 27% of the global childhood tubercu-

losis (TB) burden and 6% of all notified cases in India are

paediatric cases. Our study found incidence (�31.64%),

prevalence (�33.68%) and mortality (�57.65%) have

decreased in India from 1990 to 2019. But still there are lot of

challenges in diagnosing paediatric TB as symptoms in

children are non-specific and symptoms may even resemble

to other diseases commonly found in such settings like ma-

laria, asthma and pneumonia, paucibacillary disease and

dearth of sensitive diagnostic tests. Often poor outcomes in

children are seen due to such delays in TB diagnosis and

treatment initiation.36

We can thus conclude that India has made significant

progress towards reduction in TBmorbidity and mortality. But,

the present rate of ~3% annual decline in TB incidence would

need to be accelerated to ~11% to achieve the 2030 Sustainable

development goal targets by 2025. The major challenges that

hinder the progress to reach the goal are -missing TB Cases due

to lack of Notification, large number of unregulated informal

providers in the Private health system, poor access to quality

services in public health system, social stigma leading to the

lack of seeking treatment, insufficient supplies of drugs and

diagnostics tomeet demands, deficient human resources at the

required positions within programme, incomplete utilization

and implementation of newer diagnostics and advanced sys-

tems, large paediatric case load.7 This study has some limita-

tions. Global Burden of Disease study has developed methods

for improving the quality of data by adjusting for incomplete or

missing data, but theremight be possibility of some inaccuracy

in the estimates. Also, results obtained from this study are true

at population levels butmight not hold for individuals as this is

an ecological study.

This study shows that overall incidence, prevalence, death

and DALY of tuberculosis decreased from 1990 to 2019 in

India. The burden of TBwas higher amongmales as compared

to females during the study period. TB affects all the age

groups but deathswere higher in older age groups. Though the

prevalence of TB was high in Kerala and Karnataka but they

have reported lowest deaths and DALY. Government needs to

strengthen existing infrastructure for TB control and improve

case notification and surveillance under national tuberculosis

elimination programme. Experiences of states like Kerala and

Karnataka can be utilized at the national level to reduce

deaths and DALY of TB. Intensify information, education and

communication activities regarding TB control at peripheral

level for further reduction in TB morbidity and mortality.
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Background: Tuberculosis case management has undergone various changes in recent

years. Most of the decisions have been taken based on provider intelligence or perspective.

It is essential to know the beneficiary perspective about the changes in RNTCP. DOTS

providers are active witnesses for the series of changes and they have first hand experience

of effect of these changes on TB patients. Thus it is ideal to learn from DOTS providers,

about comparative strengths and limitations of the new strategy and effects of the

changes.

Methods: Study design Mixed method using survey and matrix ranking method.

Study population: DOTS providers who have supervised at least one patient before the daily

regimen and completed at-least intensive phase of one patient in daily regimen.

Study was conducted in Mandya district between MayeJune 2019 involving 25 DOTS

providers selected through snowball sampling technique. Data collection was done using

proforma and Matrix ranking technique using 10 stones. Thematic analysis, wilcoxon sign

rank test were used for analysis.

Results: Significant improvement was reported by DOTS providers in new regimen with

respect to compliance, treatment response, ease of supervision and patient attitude to-

wards outcome. Related to drug supply system, there was no significant difference.

Conclusions: There was significant improvement in compliance, response, ease of supervi-

sion and patient attitude. Significant reduction in side effects in daily regimen compared to

alternate day regimen. NPY is helping poor and elderly patients but irregular payment is an

issue. Remuneration of DOTS providers was not consistent.

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

India has been fighting tuberculosis from decades and from

time to time it ismaking changes to strengthen its fight against

the diseasewhich has killedmillions fromcenturies.Moving on

from sanatorium approach, India started its first National

Tuberculosis program in 1962, to diagnose as many cases as

possible and cure most of them through domiciliary approach.

Based on the operational research findings, it was revised and

strengthened program with DOTS as its main weapon was

launched in 1995. The patient categorization was changes into

only two categories in 2013 to reduce the risk of resistance due

to under-treatment. Despite wide publicity and multipronged

efforts, resistance went on increasing and alternate day

regimenwas criticized, as it was not the best regimen available.

As a result of private health sector’s criticism for DOTS, public

forum discussions about effectiveness of daily regimen

compared to alternate day regimen, lack of drug sensitivity

testing for every patient, persuasion from operational research

findings which suggested better patient outcome in daily

regimen and increasing problem of drug resistance in inter-

mittent regimen, daily regimen was launched under RNTCP

from November 2017. Government brought out new standards

for TB care in India with vision of providing highest standard of

TB care to TB patients and an option to receive care from

healthcare providers of their choice.1e4

Alternate day regimen had reduction of stigma associated

with tuberculosis treatment and giving a breather of one day

to the patient, which was helping in reducing adverse effects

of antitubercular drugs, in its strategy.1,3 This is no more as

daily regimen has been adopted. The decision has been taken

largely from provider perspective and very limited published

literature is available regarding perspective of patients.

Tuberculosis case management has undergone numerous

changes in recent years. Alternate day regimen has been

changed to daily regimen; multi drug blister packs being

replaced by fixed dose combinations (FDCs) are few among

those. These decisions have been taken largely from ‘Provider

(policymaker)’ intelligence or perspective. What are the ef-

fects of these changes on the treatment compliance, drug

toxicity in patients, national program functioning, drug sup-

ply, DOTS provider workload are yet to be found out.

It is desirable to know the effects of new regimen and

strategies from patient’s perspective. As the patients will not

be able to provide comparative experience of both the regi-

mens, DOTS providers are ideal as theywould have seen these

patients from close association. Thus this study was planned

with following objectives.

1. To compare daily and alternate day regimens from DOTS

providers perspective.

2. To explore strengths and lacunae of new case treatment

guidelines as perceived by DOTS providers

2. Methods

Study design: Community based cross sectional mixed

method design was adopted using a quantitative survey and

Qualitative technique using matrix ranking method.

Study population: DOTS providers who have supervised at

least one patient before the daily regimen and completed

atleast intensive phase of one patient in daily regimen.

Study area and period: present study was conducted in

Mandya district between MayeJune 2019.

Sample size: 25 DOTS providers were included in the study

who satisfied the eligibility criteria. Number was restricted

once the data saturation was obtained.

Sampling technique: snowball sampling technique was

used to identify the eligible participants till data saturation

was obtained.

2.1. Data collection

Statutory permissions were taken from District tuberculosis

office and Nodal officer for Tuberculosis before starting the

study. After explaining the study objectives and methodology,

consent was taken from selected DOTS provider and details

related to her education, work experience, number of patients

supervised, remuneration received, outcome of patient super-

vised, were collected using a structured pretested proforma.

Perception of DOTS providers related to compliance side

effects, ease of supervision, drug supply from DTC, change in

patient attitude towards treatment was assessed usingmatrix

ranking method. For comparative ranking, 10 stones were

given for each component to DOTS providers and were asked

to share between old and new regimens according to merit of

the two regimens as per their experience or perception based

on patient response. At the end of matrix ranking exercise,

participants were briefed about interpretation of their scoring

and were asked to make changes if they wished to. Photo-

graph of the scoring system was captured for future analysis.

Suggestions were also taken from participants for effective

program implementation.

2.2. Statistical analysis

Impressions and suggestions provided by participants were

clubbed with their interpretations to draw conclusions. Thus

grounded theory was used and Thematic analysis was done to

draw final conclusions. Scores provided for each component

were analyzed using Wilcoxon sign rank test. Other variables

were described using frequency, percentage, mean and stan-

dard deviation.

3. Results

Out of 25 study participants, 15 were ASHAs and 10 were

Anganwadi workers. Mean age of participants was 41.04 ± 8.20

mean years of schooling was 10.12 ± 1.56.

Experience of participants regarding old regimen was as

mentioned below. 16 (56%) DOTS providers had supervised less

than 5 TB cases.19 (76%)DOTS providers had 100% treatment

completionrate.Amongtheremaining,5caseshaddefaultedand

2were lost to followup. Participants hadnot got their due remu-

neration in6 cases(24%). 11 (44%)hadgot Partial remuneration.

New regimen experience was limited as study was carried

out in less than a year of launching the daily regimen. Out of 25

participants, 80%had supervised two or less tuberculosis cases.
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10 (40%) had successfully completed course supervision. Two

had seen their patients default and one case was lost to follow

up. 80% participants had not received DOTS provider desig-

nated remuneration yet(June 2019). Two providers had experi-

ence of supervising TB-HiV co-infection cases(one each).

As seen in Table 1, score awarded by the DOTS providers for

determinants of treatment outcome observed better perfor-

mance by daily regimen. Statistically significant difference in

scores were observed in favour of daily regimen with regard to

compliance of patient to treatment, symptomatic evidence of

treatment response, ease of treatment supervision by providers

andchangeinpatientattitude(positivechange)towardsoutcome.

As seen in Table 2, significant improvement was reported

by DOTS providers in new regimen with respect to compli-

ance, treatment response, ease of supervision and patient

attitude towards outcome. Related to drug supply system,

there was no significant difference.

17(68%) were aware of Nikshay Poshan Yojana but the

payment was not regular. 14(56%) DOTS providers were un-

dergone formal training for new DOTS regimen, remaining

were informally briefed about daily regimen by Medical offi-

cer, before starting the treatment.

Suggestions given by participants were:

� Responsible family member as DOTS provider as it is

difficult to visit the patients every day. If not visited, same

level of motivation is difficult to sustain among patients.

� Instead of monetary incentive, food products like protein

powder should be given to patients under national pro-

gram.Many timesmoneywill not be used for valid reasons.

� NPY amount should be increased as cost of materials is

increasing and should be disbursed regularly.

� Timely incentive for DOTS providers to keep them inter-

ested in the program.

4. Discussion

Present study mixed method study tried to ascertain benefi-

ciary perspectives regarding the determinants of treatment

outcome, through 25 DOTS providers. There were no published

literature which focussed on beneficiary perspective, especially

after change of regimen. It was observed that patient compli-

ance, treatment outcome were significantly better in daily

regimen. An RCT by Gopalan had noted that among HiV-TB

coinfection cases of South India, negative cultures reached

98% or betterwithin 2months of daily regimen treatmentwhile

at 2 months only 87% of the patients treated with the inter-

mittent schedule had achieved negative cultures. Overall

favourable outcome was 91% for daily regimen compared to

77% in intermittent regimen.3 Another Meta-analysis which

reviewed more than 27 articles from across the world also re-

affirmed this finding with higher success rate with daily

regimen.2 Better compliance is explained further by the study

participants; ‘in old regimen, it was difficult to consume 7 different

tablets on one day. Now they feel it is single drug but number of

tablets vary. So they don’t give reasons and adhere to treatment,

which is improving compliance and outcome’. Participants opined

this has an effect on reduced adverse effects also.

There were no studies which had studied ease of supervi-

sion and other qualitative perspectives like patient attitude

towards disease outcome. But it is clearly observed with sig-

nificant difference in the ranking given by participants that

daily regimen is better in this aspect. One of the participants

quoted ‘earlier patients used to forget to take the tablets on exact

alternate days. To compensate they used to take it continuously,

which meant there was a gap of 2 to 3 days and suddenly it was

taken on consecutive days. This was more in continuation phase”.

But they also expressed the difficulty faced by the DOTS pro-

viders saying, ‘Earlier we used to visit them on alternate days and

supervise tablet consumption. Now we have to visit everyday and

our other works get hampered. Especially when the houses are far’.

They also suggested ‘as the tablets have been simplified (FDC),

now family members can be given the responsibility as it hardly

requires any expertise. This avoids stigma of we daily visiting their

houses’. They also opined, patients feel better early with daily

regimen and apatite improves early in daily regimen. This is

also supported by quantitative study findings which suggest

early culture negative results with daily regimen.

Table 1 e Comparison of Perception of DOTS providers
about two regimens.

Variable Perception of DOTS
providers (n ¼ 25)

Wilcoxon sign
rank test
‘P’ valueAlternate day

Regimen
Daily

regimen

Mean
score

SD Mean
score

SD

Compliance 4.16 1.74 5.84 1.74 0.036

Side effects 6.20 1.41 3.80 1.41 0.001

Treatment

response

3.20 1.15 6.80 1.15 <0.001

Ease of

supervision

3.92 2.25 6.08 2.25 0.032

Drug supply 5.08 0.27 4.92 0.27 0.157

Change in

patient

attitude

3.92 1.91 6.08 1.91 0.014

Table 2 e Perception of DOTS providers about treatment
outcome determinants (Grounded theory).

Sl no Theme Subthemes

1 Compliance � Difficult to take 7 tablets at once as in

case of alternate day regimen

� Chances of forgetting tablet consump-

tion are low in daily regimen.

� Patients of daily regimen expressed

more fear of side effects.

2 Adverse

effects

� Taste alteration, gastritis, vomiting,

weakness are routine side effects

� Side effects are less in daily regimen.

3 Patient

response

� Time to increase apatite and weight

gain was 5e7 days in old regimen

� Same is achieved in 2e3 days in daily

regimen

4 Ease of

supervision

� Chances of forgetting, confusion and

missing dose was more in old regimen.

� In daily regimen visiting patient for su-

pervising daily is a problem.

5 Drug supply Equally good in both regimen

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 7 0 ( 2 0 2 3 ) 9 9e1 0 2 101



Present study observed that adverse events were signifi-

cantly less with daily regimen. This is contrary to other studies

which reported higher incidence. RCT in South India observed

incidence of adverse effects among daily, partially daily and

intermittent treatment groups to be 27%, 21% and 17%

respectively.3 Another prospective study from Pune and meta-

analysis study also reported higher chances of defaults in daily

regimen.2,4 Explanation of study participants for this contrary

observation was, “As the patients' apatite improves fast with new

regimen, they feel better and start eating well early. Single type of pills

(FDC) also has psychological effect in reduction of side effects.” Par-

ticipants also observed that Nikshay Poshan Yojana(NPY) has

helped the patients especially in below poverty line families

and where earning adults are suffering. They observed, “when

earning member of the family is bed ridden, it proves handy for whole

family. But the amount ofmoney is not sufficient to feed the dependant

members and definitely parents spare food for their children and eat

less. So it will be helpful if the amount is increased or if nutritional

supplements are given instead of money; as drawing money and

purchasing ration though look simple work to us, it is difficult to the

patient and their family in the initial days of treatment”. They also

mentioned that NPY amount is not disbursed regularly and

thus it does not serve it’s purpose.

Many providers also complained about the delay in release

of DOTS provider remuneration. Many had not received their

due amount even after 6 months of treatment completion. A

report on Joint TB Monitoring Mission in India also observed

delayed payment and old rate payment in some districts in its

report submitted to Govt in 2015. It also made a recommen-

dation that ‘All community DOT providers to be paid hono-

rarium regularly and use e-transfer mechanism linking to

NIKSHAY’.5

Thus our study observed that patients are being benefitted

with daily regimen and DOTS providers are finding it easy for

the patients to comply with.

5. Conclusion

� There was significant improvement in compliance,

response, ease of supervision and patient attitude.

� Significant reduction in side effects in daily regimen

compared to alternate day regimen.

� NPY is helping poor and old patients but irregular payment

is an issue.

� Remuneration of DOTS providers was irregular.
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Background: In 2016 WHO guidelines conditionally recommended standardized shorter 9

e12 months regimen for MDR-TB treatment. The objective is to study outcome analysis of

cured, lost to follow-up, treatment completed, treatment failure and mortality of MDR

Patients on shorter standardized MDR TB regimen.

Methods: In this prospective study, 360 adults with confirmed Rifampicin Resistant

pulmonary TB were studied between March 2018 to February 2020 at Department of

Pulmonary Medicine, Guntur Medical College, Govt. Fever Hospital, Guntur.

Results: Among 360 confirmed MDR Patients, 42.50% patients were cured, 41.60% completed

treatment, 6.11% of them were lost to follow-up, 0.50% were considered as treatment

failure and 9.10% of them were died.

Conclusion: Overall success with a standardized shorter MDR regimen was high with low

treatment failure. When introducing shorter regimens base line drug susceptibility testing

and minimizing missed doses are critical.

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

1. Introduction

Rifampicin-resistant (RR) and multidrug-resistant (MDR)

tuberculosis (TB) remain a public health emergency, with an

estimated 4 84 000 cases occurring worldwide in 2018.1 Diag-

nosis andmanagement are expensive and resource-intensive,

with only 32% of the estimated globally incident MDR-TB

cases able to access treatment to international standards.1

By definition, MDR TB is a TB patient whose biological

specimen is resistant to both Rifampicin and isoniazid with or

without resistance to other anti-TB drugs.2

Rifampicin Resistant TB(RR-TB) is defined as is a TB patient

whose biological specimen is Rifampicin resistant detected

genotypically or phenotypically with or without resistance to

other anti tuberculosis drugs.2

Due to poor management, drug resistant TB (MDR TB/RR

TB) has been emerging as amajor problem. Global TB report of
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2019 estimated that 2.84% newly diagnosed and 11.62% of

previously treated TB cases had MDR-TB.2

Worldwide report on poor treatment outcomes was re-

ported inmost of the 2 year long conventional MDR treatment.

The probable reasons include, poor treatment adherence due

to lengthy, expensive and toxic regimens leading to poor

compliance. This prompted a shorter regimen of MDR-TB

regimen of 9e12months instead of conventional 2 years

duration.4

In 2016, WHO guidelines conditionally recommended a

shorter 9e12-month MDR-TB regimen for patients meeting

specific criteria, based on results of a systematic review and

individual patient data meta-analysis.3,4 However, uncertainty

remains about the regimen's effectiveness in the presence of

resistance to constituent drugs, including fluoroquinolones,

ethambutol, pyrazinamide and prothionamide.5e9

2. Aims and objectives

To study adherence and treatment outcome of shorter MDR

TB regimen in patients with MDR-TB.

3. Materials and methods

A 2 years (March 2018 to February 2020) prospective study of

MDR-TB conducted among 360 patients, whose sputum sam-

ples are positive for AFB and RR detected in CBNAAT are

included in the study and subjected to shorter MDR-TB

regimen as per diagnostic algorithm of Programmatic Man-

agement of Drug Resistant TB under National Tuberculosis

Elimination Programme in Department of Pulmonary Medi-

cine, Guntur Medical College, Govt. fever hospital, Guntur. All

these 360 RR resistance samples sent to LPA to confirm the

resistance of the other first line and second line TB drugs and

excluded if other drug resistance present.

4. Inclusion criteria

All patientswith pulmonaryTBandnewly identifiedRifampicin

Resistant/MDR-TB [Rifampicinþ Isoniazid (katGmutation)] and

who did not have a history of prior treatment with second-line

anti-TB drugs for more than 1 month, and for whom informed

consent could be obtained, were eligible for inclusion.

5. Exclusion criteria

DST based criteria:

� If DST result for FQ or SLI is resistant or

� Presence of InhA mutation (for Eto) or

� Resistence to pyrazinamide.

Non DST based criteria:

� Pregnancy

� Any extrapulmonary disease in PLHIV.

� Disseminated meningeal or CNS TB.

� Intolerance and risk of toxicity to any drug in shorter MDR

regimen.

Shorter MDR TB Regimen under PMDT 2019 Guidelines2 IP

Phase (4e6 months) Mfxh, Km/Am, Eto, Cfs, Z, Hh, E and CP

Phase is (5 months) Mfxh,Cfs, Z, E. Culture conversion done in

4th month.

6. Results

This is a prospective study involving 360 MDR-TB patients

which were subjected to shorter MDR regimen. Among these

268 are males and 92 are females, Median age was 41yrs, 2.8%

(10/360) of Patients having BMI<18, 10.28% (37/360) are di-

abetics, 13.5% (47/360) cases were HIV reactive.

Baseline characteristics and outcomes for standardized
shorter MDR-TB regimen

Characteristic Total Cured Treatment
completed

Total 360 153 (42.50%) 150 (41.60%)

AGE

15e44 yrs 214 90 (42.05%) 88 (41.50%)

45e64 yrs 109 47 (43.11%) 47 (43.11%)

�65yrs 37 16 (43.24%) 15 (40.54%)

GENDER

Male 268 109 (40.67%) 112 (41.79%)

Female 92 44 (47.82%) 38 (41.30%)

HIV STATUS

Non reactive 313 135 (43.13%) 135 (43.13%)

Reactive 47 18 (38.29%) 15 (31.91%)

DIABETES

NO 323 136 (42.10%) 134 (41.48%)

YES 37 17 (45.94%) 16 (43.24%)

BMI

<18 10 8 (80%) 0

�18 350 145 (41.42%) 150 (42.85%)

FIRST LINE DST

ISONIAZIDE (KAT G)

Resistance 8 3 (37.50%) 2 (25%)

Susceptible 348 150 (42.97%) 146 (41.83%)

Unknown 4 0 4 (100%)

ISONIAZIDE (Inh A)

Resistance 7 3 (42.85%) 2 (28.57%)

Susceptible 349 150 (42.97%) 146 (41.95%)

Unknown 4 0 4 (100%)

WEIGHT CHANGE (Intensive phase)

No change 10 8 (80%) 0

Any loss 0 0 0

Any gain 350 145 (41.42%) 150 (42.85%)

WEIGHT CHANGE (CP)

No change 0 0 0

Any loss 0 0 0

Any gain 360 153 (42.50%) 150 (41.66%)

TREATMENT ADHERENCE (IP) 38 12 (31.57%) 20 (52.63%)

<7 missed doses 26 10 (38.46%) 14 (53.84%)

�7 missed doses 12 2 (16.66%) 6 (50%)

TREATMENT ADHERENCE (CP) 72 23 (31.94%) 36 (50%)

<7 missed doses 43 16 (37.20%) 20 (46.51%)

�7 missed doses 29 7 (24.13%) 16 (55.17%)
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6.1. Adverse events

Adverse events were common with 78% patients reporting

atleast one adverse event. 30% of the patients have 5 or more

adverse events. The majority of the adverse events were

nausea and vomiting (23.6%), weakness (10.5%), abdominal

pain (10.5%), headache (8.1%), arthralgia (7.3%), Renal failure

(6.8%), ototoxcity (4.8%), anorexia (6.4%), diarrhea (3.4%),

itching (2.9%), hepatitis (2.5%), anemia (1.5%).

7. Discussion

India constitutes a considerable burden of MDR TB patients.

However, in a resource poor country like India, performing

frequent cultures, arranging daily treatment for 2 years,

particularly adherence and managing adverse events for

prolonged period is very difficult, so study on shorter MDR TB

treatment regimen and evaluating adherence and outcome is

very essential.

In this study we found that a Shorter MDR TB treatment

regimen achieved good success with a low failure rate. Pre-

viously published studies of similar Shorter MDR treatment

regimens have reported end-of-treatment success between

81.6 and 89.2% which is similar to our outcome (84.1%).10e13

Most of the radiological lesions are infiltrative and bilateral,

right upper lobe is more common than left.

In 2010, VanDeun et al reported an observational study

undertaken in Bangladesh in which sequential cohorts of

MDR-TB patients were treated with standardised regimens.

The most effective regimen (known as Bangladesh regimen)

was 9e11 months in duration used Kanamycin, high dose

Gatifloxacin, prothionamide, high dose isoniazid, clofazimine,

pyrazinamide and ethambutol and achieved recurrence free

cure in 88% of Patients which is nearly similar to our outcome

(84.1%).14

Unsuccessful outcomes was 15.7%, which is slightly higher

than internationally reported pooled rates of 11% (10e12%),

this may be due to severity of the by the time of diagnosis and

missed pills. Culture conversions seen in 78% at the end of 3rd

month, 72% at the end of 6th month and 62% at the end of 9th

month. At the end of 9th month 2 patients were culture pos-

itive with LPA showing Fluroquinolone resistance and they

were converted to All oral longer regimen.Initial successful

short course observation studies from Bangladesh has led to

proposal of 9e12 months.14

The present study has reported successful outcome in

84.1%, which is higher than the successful treatment outcome

in 72.5% of patients treated with modified DOTS plus strategy

(duration of 24e27 months) in a study conducted by Abhijeet

et al.15 Unsuccessful treatment were seen in 15.71%, which is

lower when compared to that of modified DOTs plus strategy

which has 27.5%15 and Raghu et al study16 on conventional

2 years TB regimen successful outcome was 53.7% and high

defaulters.

Lost to follow up in 6.11% of the cases which is lower

than the Prasanta kumar Das et al study,17 which is 13.7%

during the study period due to migration and symptomatic

relief and adverse reactions even though patients suffered

with minor side effects like nausea and vomiting (23.6%),

followed by weakness and abdominal pain (10.5%), head-

ache (8.1%), arthralgia (7.3%), Renal failure (6.8%), ototoxcity

(4.8%), anorexia (6.4%). Mortality was seen in 33 patients

(9.10%), during the study, on which 17 are died in intensive

phase and remaining 16 patients died during continuation

phase. Among these 17 patients 8 patients died within 14

days of initiation of treatment, 7 patients less than 1 month,

2 patients less than 2 months), due to extensive lesions in

chest X ray and less BMI. Another 16 died in continuation

phase, in that most of the patients missed pills and exten-

sive disease.

Further meta-analysis have shown that key determinants

of success of these regimens include resistance to fluo-

roquinolones, pyrazinamide and injectable.11 Initial concerns

of FQ and Kanamycin resistance were shown to be important

only in high FQ resistance patients as shown in follow up

studies, anyhow this was overcome by prolonging the treat-

ment duration after monitoring cultures.18

These findings suggest/propose for scaling up for DST.11

The drawback of observation study has been nullified by the

non inferiority of this regimen as shown in recent STREAM

trial.19

The main disadvantages of short course regimen include

usage of injectables, drug toxicity and availability ofmolecular

methods. It will be exciting to see whether inclusion of newer

drugs like Bedaquiline and Delaminid can shorten the dura-

tion even further limiting to 6 months as it is equal to drug

sensitive tuberculosis regimen.

8. Conclusion

Overall success with a standardized shorter MDR-TB regimen

was high with low treatment failure with less adverse events.

Further improvements in this regimenmay include avoidance

of injectables making complete oral regimens. Hopefully one

day we may have tailored regimens with minimum toxicities

and short duration for all drug resistant cases as drug sensi-

tive regimen.
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Background/Objectives: In the Philippines, treatment success rates for drug-resistant tuber-

culosis (DR-TB) remains low and little is known about the quality of DR-TB services. This

study aimed to explore clinician's perspectives of DR-TB care services.

Methods: We conducted semi-structured in-depth interviews from JanuaryeMarch 2018

with 11 providers selected purposively to explore the barriers associated with DR-TB care

service delivery, best practices, and recommendations for enhancing patient care.

Emerging themes were organized according to the socio-ecological framework.

Results: Five major themes were identified: (1) nurses do not feel empowered; (2) particular

patients are left behind and more vulnerable than others; (3) infection control practices,

fear, and limited capacity in rural health centers; (4) financial insecurity due to program

reimbursement mechanisms; and (5) local government support is limited and requires

more involvement in support of DR-TB elimination activities. Best practices focused on

tailored approaches that eliminated structural, economic, and motivational barriers for

patients. Participants recommended financial support from local government units,

nutritional assistance for patients, and refresher training for healthcare workers.

Conclusion: The findings provide additional understanding regarding the barriers that limit

successful DR-TB care delivery and provide critical information to improve clinical practice

and develop public health interventions for frontline staff including nurses in the

Philippines. These strategies could ultimately reduce disparities associated with access to

care and treatment adherence, if implemented.

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

1. Introduction

Disparities in tuberculosis (TB) treatment outcomes for pa-

tients with drug-resistant TB (DR-TB) remains a significant

roadblock to TB eradication worldwide.1 The Philippines

continues to rank among countries with the highest burden of

multidrug-resistant TB (MDR-TB).2 Although deaths attributed

to TB infection are preventable, factors driving low treatment

outcomes for patients with DR-TB include social, economic,

health system, and programmatic barriers that generate pa-

tient vulnerability, especially in patients who are financially
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insecure, and those with limited psychosocial support.3 These

include limited access to healthcare and support services,

weak health insurance schemes and financial protection

policies, and structural barriers including TB stigma, poverty,

discrimination, unemployment, and geographical barriers.4,5

A core pillar of the End TB Strategy developed by theWorld

Health Organization (WHO) explicitly advocates for a person-

centered approach that eliminates the risk of patients having

to incur catastrophic costs for the care delivered.6 At the pri-

mary care level, the implementation and organization of the

National Tuberculosis Program is largely dependent on nurses

whoare responsible fordiagnosis, treatmentandmanagement

ofMDR-TB.7,8However, humanresource capacity at the facility

and community levels is limited (e.g., funding restraints, dif-

ficulties retaining staff), despite the increasing numbers of

patients affected by DR-TB.7 Recent efforts to introduce new

anti-TB drugs and novel regimens in the Philippines to address

low treatment outcomes in patients with DR-TB have shown

promise.9 However, substantial efforts to address the unmet

need for coordination of DR-TB and other priority services to

reach those most impacted are still needed to ensure a truly

person-centered model that reduces unnecessary burdens for

individuals and the health system.10,11

Information about the factors associated with the quality of

care delivered to patients with DR-TB and its impact on poor

treatment outcomes is limited in the Philippines. By describing

how frontline workers themselves experience barriers to

providing care, we seek to fill knowledge gaps around the indi-

vidual, interpersonal, community, health-system, and policy

contexts impacting their ability to deliver care, and the addi-

tional supports they may need to promote medication adher-

ence among their patients. These insights could help guide the

successful implementation of Programmatic Management of

Drug-resistant Tuberculosis (PMDT).

2. Methods

2.1. Purpose

This study sought to explore the perspectives of frontline staff

dedicated to providing care to patients with DR-TB, under-

stand the perceptions about facility strengths that enabled

effective service delivery to patients, and obtain suggestions

for improving DR-TB care services.

2.2. Setting and participants

Study participants were recruited across all 18 regions of the

Philippines from 146 DR-TB treatment facilities. From

December 2017 and March 2018, 272 participants completed a

self-administered online survey to identify the patient- and

health-system-related barriers associated with care and

treatment delivery to patients with DR-TB (unpublished). In-

depth interviews with a subset of 11 healthcare workers

selected through purposive samplingmethods (i.e., those who

had provided complete and informative responses, were

available, and represented different geographical areas of the

Philippines) were conducted to further understand their

perceptions.

2.3. Theoretical framework

We applied a socioecological model as the lens to analyze,

interpret, and organize the interview data.12 We structured

our investigation around individual, interpersonal, commu-

nity, health-system, and policy levels of influence to develop

targeted programmatic recommendations. Across these levels

of influence, we were able to capture the rich community

context in which frontline staff were embedded and their

shared community experiences.

2.4. Ethical considerations

IRB approval was waived for this study, and the findings were

considered the result of a program evaluation. Findings of the

evaluation were expected to directly affect the conduct of the

national TB program and identify improvements. Before

participation, the goals of the study were explained to the

participants. Participants provided their consent to participate

and to have their interview sessions recorded and were

assured that their information would remain confidential.

2.5. Data collection

A semi-structured interview guide was developed based on a

review of literature.13,14 Interviews explored healthcare de-

livery to patients with DR-TB and the structural factors that

health workers thought influenced patient access to and

retention in DR-TB care services. Questions also focused on

facility-based practices and strategies for engaging patients to

foster capacity building. All interviews were conducted in

English via telephone by JJ or YE. Notes were taken and all

conversations were digitally recorded with permission.

2.6. Data analysis

Audio-recordings were anonymized, reviewed, and were tran-

scribed verbatim through an independent transcription service.

Data were analyzed using framework analysis, a systematic

approach to organizing and elucidating themes from textual

data.15 After reviewing all interview transcripts, JJ drafted an

initial analytic framework (i.e. codebook) containing descriptive

categories, which is considered a crucial component for judging

the validity, trustworthiness and quality of research findings.16

The framework was subsequently refined with the guidance of

the WHO TB Medical Officer for the Philippines. The team dis-

cussed divergent coding, revised codes, and added new codes if

needed, toensurefindingswere representativeacrossthehealth

system. JJ used the updated framework to code all transcripts.

NVivo 11 qualitative software was used to manage, organize,

and analyze the coded transcripts.

3. Results

3.1. Respondent characteristics

From JanuaryeMarch 2018, eleven in-depth interviews were

carried out with 9 nurses and 2 physicians (Table 1). Staff

represented 6 out of the 18 regions in the Philippines and
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those with the largest population centers including Region IV-

A: Calabarzon, National Capital Region, and Region III: Central

Luzon, respectively (Table 2). Most worked in an NGO or public

facility (N ¼ 8), and more than half of the participants had

under 7 years of experience providing care to patients with

DR-TB (N ¼ 7). Interview duration ranged from 1:30e3 hours.

Across interviews, five key themes emerged and were orga-

nized below (Table 3).

3.2. Nurses do not feel empowered

Nurses felt disempowered by their limited communication

with patients and with other staff. Many nurses did not feel

confident in providing psycho-social counseling to patients

experiencing adverse drug reactions (ADRs), nor did they feel

supported within their facilities. Nurses described the pro-

fessional development opportunities afforded to TB project-

hired staff which were not extended to organic staff (i.e.,

permanent staff) and impacted morale.

Our employer is PBSP [Philippines Business for Social

Progress], but we are in the compound of the hospital…we

felt that we… don't belong. Even if we like to do something

for the program, it is not easy … the hospital is not sup-

portive. (Participant (P)11).

Some nurses described successful patient-provider re-

lationships where tailored counseling techniques were

employed throughout the care continuum, and where effec-

tive teamwork within and across facilities existed, which

enabled more productive work environments.

Counseling won't stop prior to treatment. Counseling

would always be thorough until they end their treatment…

even simple talks. It shouldn't be a blackboard [but] any

setting (P6).

Additional trainings on therapeutic counseling techniques

to better provide psychosocial support to patients, capacity-

building opportunities for organic nurses to augment their

skillsets in DR-TB care delivery, and visual job aids for ADRs

were suggested.

3.3. Particular patients are left behind and more
vulnerable than others

Lack of transportation and coordinated services were identi-

fied by both nurses and physicians as barriers disproportion-

ately impacting their patients with co-morbidities. Quality

service delivery was hindered by limited capacity for staff to

conduct outreach to patients when they were considered lost

to follow-up (i.e., program vehicle requests needed to bemade

days in advance) and by their ability to offer coordinated

services to patients battling multiple diseases.

I have people living with HIV … with cancer … people

[with] substance abuse and yes, they're all problematic … I

have one who had interrupted because he cannot sustain

treating both two diseases. So eventually, he died (P6).

Person-centered approaches through personalized treat-

ment plans and coordination of care for patients with co-

morbidities were best practices that were highlighted by

some respondents. To reach patients, staff “tapped” into

existing resources such as the local ambulance if the service

vehicle was unavailable, or took the bus, tricycle, taxi services

(Uber/Grab), or their own cars.

We use the transport vehicle of the LGU [local government

unit] … [which is] an ambulance. We open the windows …

If the ambulance is not there, thenwe ride the tricycle… or

we use another car of the staff and we put gasoline in it.

Even if it's a barrier, it could be remedied (P7).

Participants suggested developing partnerships with the

local community to bring services closer to patients (e.g.,

whether at home or at their workplace), and trainings on the

clinical management of patients with co-morbidities.

Table 1 e Participant demographic data.

Demographic Characteristic Overall (N ¼ 11)

Sex

Female 6 (54.6%)

Male 5 (45.4%)

Age Group (in years)

18e25 1 (9.1%)

26e35 6 (54.5%)

36e45 1 (9.1%)

46e55 3 (27.3%)

Profession

Project-hired nurse 9 (81.8%)

Project-hired physician 1 (9.1%)

Permanent physician 1 (9.1%)

Experience (in years)

1e3 4 (36.4%)

4e7 3 (27.3%)

8e10 2 (18.1%)

11e15 1 (9.1%)

> 16 1 (9.1%)

Facility Type

Pubic 8 (72.7%)

Private 3 (27.3%)

Region

NCR: National Capital Region 3 (27.3%)

Region VI: Western Visayas 3 (27.3%)

Region IV-A: Calabarzon 2 (18.1%)

Region III: Central Luzon 1 (9.1%)

Region X: Northern Mindanao 1 (9.1%)

Region XIII: Caraga 1 (9.1%)

Table 2 e Selected regions 2020 population estimatesa.

Regions Population Percentage

Region IV-A: Calabarzon 16,057,299 14.7%

NCR: National Capital Region 13,804,656 12.7%

Region III: Central Luzon 12,313,718 11.3%

Region VI: Western Visayas 7,904,899 7.3%

Region X: Northern Mindana 5,017,051 4.6%

Region XIII: Caraga 2,753,109 2.5%

a Population 2020 estimates for 6 of 18 regions according to DOH

Population Projections by Region, Province, Cities and Munici-

palities, 2020e2025. For 2020, the projected Philippine population

total were 108,771,978 inhabitants across the 18 regions.
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3.4. Infection control practices, fear, and limited capacity
in rural health centers

Many respondents reported having patients who requested to

return to TB treatment centers that were located further away

once they were decentralized closer to community/peripheral

health centers due to negative experiences with staff. This

prevented the use of their transportation allowance on other

basic needs according to nurses and physicians.

[Decentralized patients] … feel [staff] act like they're dirty

or they're germs, ‘nandidiri,’ and that you should wear a

mask just [for] touching her hand … our patients will say,

‘Can we just continue here? I don't care if it's too far (P6).

To lessen stigma and reduce fear, some respondents

mentioned working closely with rural health units to increase

local staff knowledge about TB infection control and preven-

tion measures.

I tell them that… they have to practice necessarymeasures

… I make sure that the patient doesn't feel judged… I want

the patient to take their medicines in the most convenient

way without compromising the quality of service.” (P9,

Project-hired nurse, Central Region).

Recommendations from respondents included profes-

sional development opportunities, oversight of personnel, and

information campaigns to curb stigma in the community.

3.5. Financial insecurity due to program reimbursement
mechanisms

Delays in program reimbursement mechanisms drove many

health staff to support patients financially. One participant

described paying 500 pesos (10USD) a month for the tuition

fees of her patients’ two daughters as an incentive to ensure

that she remained in treatment.

The barrier is budget because sometimes our revolving

fund is depleted so we have to use our own money … [For

the] cash advance, youmust foresee, or we have to identify

activities a month before … [so] it's about two to three

weeks before it gets approved (P10).

In other facilities, respondents reported that patients who

successfully completed treatment were employed as volun-

teers or were directly hired as clerks or janitors with help from

the LGU.

One patient who graduated from the category 4 treatment

… we convinced [the mayor] to hire him … so that the

population would know that there still is life after category

4 TB … I have two graduates. One is a clerk, and one is a

janitor in the health center (P7).

Most respondents alluded to the nutritional support that

was discontinued in 2018 and suggested similar supports for

patients and their families to meet basic needs and maintain

them in care.

3.6. Local government support is limited and requires
more involvement in support of DR-TB elimination activities

Many respondents felt that local government cooperationwas

limited and that municipal political leaders did not prioritize

the TB program, given the small budgets allocated for health.

I haven't encountered a visit [from] LGU [local government

unit] … I really need their help … I don't know if they have

much budget for the health and I think they are more on

the business side (P6).

Those that did enjoy some level of local government sup-

port, reported on the contexts in which the support devel-

oped, and how local data, advocacy, and TB champions in the

community were leveraged to inspire local leaders to commit

to financially supporting the program.

The local chief executive ormayor, is very supportive of the

program … we have four persons in the PMDT facility that

only cater to DR-TB… Themayor had a clear vision of what

could happen … since it was based on the data, the situa-

tional analysis of tuberculosis in the municipality (P7).

Participants advocated for LGU support through livelihood

programs, LGU-sponsored community boards to support

medication adherence, and the development of a memoran-

dum for every local barangay to ensure patients accessed free

transportation.

4. Discussion

This study explored individual healthcare worker perspec-

tives across individual, interpersonal, community, health

system, and policy levels, best practices, and suggestions for

enhancing DR-TB care across six populous regions in the

Philippines. We conclude with programmatic strategies for

application in the field.

Our study findings provide further evidence that healthcare

workers do not feel fully capable of providing therapeutic

counseling to patients. In Metro Manila, the type of social sup-

port provided by nurses has shown to directly influence treat-

ment outcomes among patients with TB.5 Whether as a

consequence of drug side-effects from an arduous treatment

regime or the challenge of living with DR-TB, depression, and

anxiety have been linked to patients with DR-TB.17 Simple psy-

chological support packages help patients and families and

provide relief to those experiencing social isolation, stigma, and

poverty.17 However, nurses also need to be adequately trained

on effective counseling techniques periodically through men-

toring/peer coaching opportunities in order to be better equip-

ped to provide holistic care to patients.18

In our study, we found that differences in role and job

function between permanent and project-hired nurses

created tensions around professional career progression.

Limited professional support and staff disempowerment has

been linked to lower staff retention rates, and low observance

of infection control guidelines.19 In South Africa, nurses'
emotional distress due to fear of contagion, lack of material
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resources, and poor infection control practices highlighted the

need for in-service education and supervisory support.20

While guideline training and visual job aides to target indi-

vidual knowledge, staff motivation, and health worker stigma

have been developed, their efficacy is unclear.21 Targeted

educational interventions for nurses and efforts to improve

inter-professional communication among healthcare workers

have shown promise in improving and sustaining TB infection

control measures at health facilities.19,22 Further research is

required to better understand the needs of the staff in order to

build comradery, encourage observance of infection preven-

tion guidelines, and promote healthy work environments.

With the ongoing implementation of the Universal Health

Care Act in the Philippines, and renewed commitment to

strengthening primary health care, the scale-up of evidence-

based person-centered approaches are currently needed and

more relevant than ever.23 Our findings suggested obstacles to

decentralizing patients, coordinating care across multiple

levels and sectors, and providing integrated care to patients

with comorbidities.11 With the support from midwives and

community health workers, tailored treatment plans and

personalizedmulti-component adherence packages of patient

support were implemented by some providers in our study

through community or home-based directly observed therapy

(DOT) as advocated by WHO.24 Other methods such as video

DOT, non-daily DOT, unsupervised treatment, using only oral

regimens against DR-TB, and digital adherence support tech-

nologies could allow for greater flexibility in the administra-

tion of treatment and help reduce financial constraints.10

Nonetheless, programs need to monitor and evaluate their

successes and challenges regarding innovations to identify

which combinations work best for their patients.24

Catastrophic costs associated with TB are still considered a

significant impediment to TB treatment completion in the

Philippines as it further pushes patients into the cycle of

poverty.4 Our study adds to the growing body of literature on

the policy-related barriers impacting care delivery to patients

with DR-TB and the fundamental role that financial insecurity

plays through reimbursement mechanisms that trigger pa-

tient and health worker vulnerability.25,26 Administrative

barriers relating to reimbursement processes and delays

described in our study placed an unfair burden on providers to

support patients with personal financial contributions. In the

Philippines, strong multi-sectoral platforms for DR-TB have

been suggested for achieving programmatic amendments to

legislation for the provision and use of reimbursements with

local government support.25,27,28 However, such recommen-

dations are unfeasible without strong advocacy efforts from

local leaders, TB champions, and civil society to raise reve-

nues for TB health services at local levels and evidence-

informed decision-making rather than politically-motivating

funding decisions.28

There are several limitations to this study. First, the study

is specific to the lived experiences of its participants and is not

generalizable to all clinicians. Because our sample was drawn

from a third of the 18 regions of the country, findings may not

be representative of the country at large. However, the

healthcare workers interviewed represented 6 of the 18 re-

gions in the Philippines, where over 50% of the population

resides.29 Of these six regions, the “Big Three” regions (i.e.,

those with the largest population centers including Regions

III, IV-A and the NCR), were represented. Regions III, IV-A and

the NCR are priority areas for the National TB Program, which

has recently focused additional resources for scaling up TB

interventions and initiatives, such as community-based

screening campaigns.30 Therefore, our findings have mean-

ingful policy implications for guiding policy decisions in the

areas observed and potentially others if additional data is

collected in other regions. The addition of the voices of pa-

tients could have provided yet another layer to understand the

factors impacting retention and adherence to medication.

Second, although the sample size was restricted to 11

healthcare workers, saturation was reached (i.e., the point at

which no new information or themes are observed in the data)

at 11 interviews given the longer interview time (1.5e3 hours),

which allowed for a greater and richer amount of information

to be obtained per person. This increased the retrieval of

salient items, and has been achievable in samples of at least

10 persons.31e33 Our third limitation was that all interviews

were conducted via phone rather than in-person, which could

have affected the quality of data collected.

5. Conclusion

The increased vulnerability experienced by patients with DR-

TB underscores the urgent need to develop person-centered

care plans for patients. This study focused on qualitative in-

terviews with frontline treatment providers. It revealed that

perceptions related to patient care are multi-faceted and will

require a multi-faceted targeted approach. Understanding the

significant role that DR-TB frontline staff play in curbing the

TB epidemic and how their needs and recommendations are

impacted by daily interactions with patients, other care pro-

viders, health systems, and political leaders, provide critical

information for researchers, medical administrators, and

providers charged with implementing policy, interventions,

and supports to ensure the well-being of patients with DR-TB

in the Philippines.

Author contributions

Study conception and design: JJ.

Data collection: JJ and YE.

Data analysis and interpretation: JJ and YE.

Drafting of the article: JJ.

Critical input and revision of the article: All authors.

Conflicts of interest

The authors have none to declare.

Acknowledgements

The authors would like to thank all the nurses and physicians

who gave their time to take part in this study and openly shared

their experiences.

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 7 0 ( 2 0 2 3 ) 1 0 7e1 1 4112



r e f e r e n c e s

1. Ferrer JP, Suzuki S, Alvarez C, et al. Experiences, challenges
and looking to the future in a clinical tuberculosis cohort in
the time of COVID-19 in the Philippines. Trans R Soc Trop Med
Hyg. 2021. https://doi.org/10.1093/trstmh/trab025 (trab025).

2. Sharma A, Hill A, Kurbatova E, et al. Estimating the future
burden of multidrug-resistant and extensively drug-resistant
tuberculosis in India, the Philippines, Russia, and South
Africa: a mathematical modelling study. Lancet Infect Dis.
2017;17(7):707e715. https://doi.org/10.1016/S1473-3099(17)
30247-5.

3. Law S, Daftary A, O'Donnell M, Padayatchi N, Calzavara L,
Menzies D. Interventions to improve retention-in-care and
treatment adherence among patients with drug-resistant
tuberculosis: a systematic review. Eur Respir J. January 1,
2018:1801030. https://doi.org/10.1183/13993003.01030-2018.

4. Salvador RE, Mundo MDCD, Mundo JCD. A transformative
research on the gender dimensions in strengthening and
sustaining TB Patient Support Groups in the Philippines.
Philipp J Health Res Dev. 2021;25(1):1e14.

5. Baniqued MG, Ballecer BAP, Ballesteros BDC, et al. Social
support from nurses and non-adherence with directly
observed therapy (DOTS) maintenance phase among patients
with tuberculosis in Metro Manila, Philippines. Publ Health
Nurs Boston Mass. 2020;37(3):339e346. https://doi.org/10.1111/
phn.12714.

6. Al Abri S, Kasaeva T, Migliori GB, et al. Tools to implement the
World Health Organization End TB Strategy: addressing
common challenges in high and low endemic countries. Int J
Infect Dis. 2020;92:S60eS68. https://doi.org/10.1016/
j.ijid.2020.02.042.

7. Santos LB, Maurice. Level of performance of wards' staff
nurses in rendering care among TB patients in selected
government hospitals in fourth district of Quezon Province:
basis for enhancement. GSTF J Nurs Health Care. 2018. https://
doi.org/10.5176/2345-7198_5.1.12. Published online January 1.

8. Sharma SK, Mandal A, Mishra M. Effectiveness of m-learning
on knowledge and attitude of nurses about the prevention
and control of MDR TB: a quasi-randomized study. Indian J
Tubercul. 2021;68(1):3e8. https://doi.org/10.1016/
j.ijtb.2020.10.013.

9. Santiago MR, Garfin AMC, Balanag VM. Introduction of
bedaquiline for the treatment of drug-resistant TB in the
Philippines. Int J Tubercul Lung Dis. 2020;24(10):1063e1066.
https://doi.org/10.5588/ijtld.20.0359.

10. Cocozza AM, Linh NN, Nathavitharana RR, et al. An
assessment of current tuberculosis patient care and support
policies in high-burden countries. Int J Tubercul Lung Dis.
2020;24(1):36e42. https://doi.org/10.5588/ijtld.19.0183.

11. Lee N, White LV, Marin FP, et al. Mid-upper arm
circumference predicts death in adult patients admitted to a
TB ward in the Philippines: a prospective cohort study. PLoS
One. 2019;14(6), e0218193. https://doi.org/10.1371/
journal.pone.0218193.

12. Centers for Disease Control and Prevention. Tuberculosis
behavioral and social science research forum: planting the
seeds for future research. Proc Tuberc Behav Soc Sci Res Forum.
December 10, 2003;140.

13. Bhargava A, Bhargava M. Tuberculosis deaths are predictable
and preventable: comprehensive assessment and clinical
care is the key. J Clin Tuberc Mycobact Dis. 2020;19:100155.
https://doi.org/10.1016/j.jctube.2020.100155.

14. Daftary A, Mondal S, Zelnick J, et al. Dynamic needs and
challenges of people with drug-resistant tuberculosis and HIV
in South Africa: a qualitative study. Lancet Glob Health.

2021;9(4):e479ee488. https://doi.org/10.1016/S2214-109X(20)
30548-9.

15. Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the
framework method for the analysis of qualitative data in
multi-disciplinary health research. BMC Med Res Methodol.
2013;13(1):117. https://doi.org/10.1186/1471-2288-13-117.

16. Macqueen K, McLellan-Lemal E, Kay K, Milstein B, Cdc A.
Codebook development for team-based qualitative analysis.
Cult Anthropol. 1998;10:31e36. https://doi.org/10.1177/
1525822X980100020301.

17. Khanal S, Elsey H, King R, Baral SC, Bhatta BR, Newell JN.
Development of a patient-centred, psychosocial support
intervention for multi-drug-resistant tuberculosis (MDR-TB)
care in Nepal. PLoS One. 2017;12(1), e0167559. https://doi.org/
10.1371/journal.pone.0167559.

18. Cattamanchi A, Miller CR, Tapley A, et al. Health worker
perspectives on barriers to delivery of routine tuberculosis
diagnostic evaluation services in Uganda: a qualitative study
to guide clinic-based interventions. BMC Health Serv Res.
2015;15(1):10. https://doi.org/10.1186/s12913-014-0668-0.

19. Mitchell KF, Barker AK, Abad CL, Safdar N. Infection control at
an urban hospital in Manila, Philippines: a systems
engineering assessment of barriers and facilitators.
Antimicrob Resist Infect Contr. 2017;6. https://doi.org/10.1186/
s13756-017-0248-2.

20. Matakanye H, Ramathuba DU, Tugli AK. Caring for
tuberculosis patients: understanding the plight of nurses at a
regional hospital in limpopo Province, South Africa. Int J
Environ Res Publ Health. 2019;16(24). https://doi.org/10.3390/
ijerph16244977.

21. Temesgen C, Demissie M. Knowledge and practice of
tuberculosis infection control among health professionals in
Northwest Ethiopia: 2011. BMC Health Serv Res. 2014;14(1):593.
https://doi.org/10.1186/s12913-014-0593-2.

22. Akande PA. The effect of an educational intervention to
improve tuberculosis infection control among nurses in
Ibadan, south-west Nigeria: a quasi-experimental study. BMC
Nurs. 2020;19(1):81. https://doi.org/10.1186/s12912-020-00474-2.

23. Mallari E, Lasco G, Sayman DJ, et al. Connecting communities
to primary care: a qualitative study on the roles, motivations
and lived experiences of community health workers in the
Philippines. BMC Health Serv Res. 2020;20(1):860. https://
doi.org/10.1186/s12913-020-05699-0.

24. Barry PM, True L. Using evidence to improve adherence and
outcomes: personalized packages of patient support. Int J
Tubercul Lung Dis. 2018. https://doi.org/10.5588/ijtld.18.0346.

25. Querri A, Ohkado A, Kawatsu L, Remonte MA, Medina A,
Garfin AMC. The challenges of the Philippines' social health
insurance programme in the era of Universal Health
Coverage. Publ Health Action. 2018;8(4):175e180. https://
doi.org/10.5588/pha.18.0046.

26. Viney K, Islam T, Hoa NB, Morishita F, L€onnroth K. The
financial burden of tuberculosis for patients in the western-
pacific region. Trav Med Infect Dis. 2019;4(2). https://doi.org/
10.3390/tropicalmed4020094.

27. Doroteo HJ, A Jr , Teh D, Lorenzo F. A research study on the
patient experience (PX) in the Philippines: journey towards
optimal health. Int J Publ Health. 2020;5:188. https://doi.org/
10.37421/ijphs.2020.5.188.

28. Liwanag HJ, Wyss K. What conditions enable decentralization
to improve the health system? Qualitative analysis of
perspectives on decision space after 25 years of devolution in
the Philippines. PLoS One. 2018;13(11), e0206809. https://
doi.org/10.1371/journal.pone.0206809.

29. Republic of the Philippines Department of Health. Population
Projections by Region, Province, Cities and Municipalities; 2020,
2020-2025 https://doh.gov.ph/sites/default/files/publications/

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 7 0 ( 2 0 2 3 ) 1 0 7e1 1 4 113



Population/Projections/by/Region/C/Province/C/Cities/and/
Municipalities/C/2020-2025.pdf. Accessed March 14, 2022.

30. Republic of the Philippines National Tuberculosis Control
ProgramDepartment of Health, 2019. Philippines TB Joint Program
Review. vol. 84. Department of Health; 2019. https://ntp.doh.gov.
ph/download/joint-program-review-2019-report/#.

31. Weller SC, Vickers B, Bernard HR, et al. Open-ended interview
questions and saturation. PLoS One. 2018;13(6), e0198606.
https://doi.org/10.1371/journal.pone.0198606.

32. Braun V, Clarke V. To saturate or not to saturate? Questioning
data saturation as a useful concept for thematic analysis and
sample-size rationales. Qual Res Sport Exerc Health.
2021;13(2):201e216. https://doi.org/10.1080/
2159676X.2019.1704846.

33. Guest G, Bunce A, Johnson L. How many interviews are
enough?: an experiment with data saturation and variability.
Field Methods. 2006;18(1):59e82. https://doi.org/10.1177/
1525822X05279903.

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 7 0 ( 2 0 2 3 ) 1 0 7e1 1 4114



Case report

Can Oral TB develop in susceptible individuals after
an oral surgical procedure? 3 case reports

Benjamin Jayakar Rayavarapu*, Selven Thirumalai, Sumir Gandhi,
Inderjot Singh

Department of Oral and Maxillofacial surgery, Christian Dental College, Ludhiana, Punjab, India

a r t i c l e i n f o

Article history:

Received 8 March 2021

Accepted 5 March 2022

Available online 10 March 2022

Keywords:

Oral surgery

Oral TB

Refractory oral lesion

a b s t r a c t

As opposed to the popular assumption, there have been an increase in the cases of Oral

Tuberculosis as of late. Owing to increased drug resistance, there has been a change in the

disease pattern leading to an upsurge in the Extra-pulmonary Oral Tuberculosis. According

to the WHO, Diagnosis is the first step in the control of TB; but due to the lack of patho-

gnomonic signs associated with Oral Tuberculosis and the rarity of these lesions, diagnosis

is often difficult. So, to enable a timely diagnosis, we point out the occurrence of such

lesions in the post-operative refractory lesions in susceptible individuals. However, a

thorough search of literature did not yield any conclusive results. In this paper we present

the clinical, radiographic and histopathological findings of three cases between the ages of

5 and 50 years old who were diagnosed of Oral Tuberculosis. These patients have under-

gone a recent oral surgical procedure prior to the development of Oral TB lesions. More

research is required to increase the awareness of the pattern of this disease and to enable a

quicker diagnosis so that the overall morbidity and mortality is reduced.

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

1. Introduction

Even in this era of antibiotics and advanced diagnostic

methods, Tuberculosis is the leading infectious disease killer

in the world, exceeding HIV (Human immunodeficiency

Virus); claiming 1.8 million lives every year.1 Oral TB (Tuber-

culosis) is extremely rare and accounts for 0.5e5% of Extrap-

ulmonary TB.2 The basic strategy to reduce the morbidity and

mortality is to accurately diagnose and provide timely treat-

ment to infected individuals.1 Although the diagnostic criteria

for Pulmonary TB is well established, diagnosis of Oral TB is

difficult because it lacks pathognomonic features.3 The aim of

this paper is to enable a quicker diagnosis by answering the

question whether Oral TB occurs following an invasive Oral

Surgical procedure/breach in the mucous membrane in sus-

ceptible individuals.

Two predominant types of oral TB are recognized e Pri-

mary and Secondary. Patients with Primary Oral TB do not

have an accompanying pulmonary TB while Secondary TB is

believed to result from either hematogenous or lymphatic

spread; autoinoculation by infected sputum or direct exten-

sion from nearby structures. However, a breach in the oral

epithelium or trauma is alleged to cause either types of TB.4e7
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Although many case reports of Oral TB following oral surgical

procedures have been published, no result could implicate a

breach in the mucous membrane as a contributory factor

which could lead to Oral TB. A thorough search of literature

did not reveal any conclusive reviews.

We report three cases of patients between the ages of 5 and

50 years. Each of them presented with chronic refractory oral

lesions which resembled post-surgical site infection following

mandibular resection, mandibular osteomyelitis and sub-

mandibular space cellulitis/lymphoma respectively. These

were eventually diagnosed as Oral Tuberculosis. We also

noted that despite varied presentation, all the patients in our

paper have had a previous history of Oral surgical procedure

following which a refractory lesion developed. All the patients

were treated with Surgery combined with Anti Tubercular

treatment (ATT) before being declared completely free of TB.

2. Case 1

A 27-year-old male presented to the department of Oral and

Maxillofacial Surgery department with a swelling in the left

submental, submandibular and retromandibular region and

history of febrility. History revealed that the swelling was

sudden and gradual with no dysphagia and wasn't associated
with any discharge. Three weeks prior, the patient underwent

segmental resection of Left mandible and reconstruction with

Anterior Iliac Crest following OKC (Odontogenic Keratocyst)

(Fig. 1). On examination, the swelling was soft, mildly tender

and warm to touch. Ultrasound revealed 15 ml of collection.

Provisionally, the patient was diagnosed with Facial space

infection secondary to graft failure. Incision and drainage

were done and parenteral antibiotics were started but culture

results were inconclusive. Since low grade fever persisted,

thorough blood investigations were ordered which revealed

an elevated ESR (Erythrocyte sedimentation rate) and Leuko-

cytosis. Chest radiograph revealed right sided pleural effusion

for which pleural tap was performed. He was diagnosed with

Right sided Pleural TB based on the exudative and Lympho-

cytic predominant nature of pleural fluid analysis. PCR

(Polymerase Chain reaction) of the pus sample from the oral

lesion was positive for TB revealing a secondary lesion at the

oral surgical site. He was initiated on antitubercular therapy

with Rifampicin, Isoniazid, Ethambutol and Pyrazinamide

following which a significant improvement was noted both in

the Oral and Pulmonary lesions; he was declared disease free

six months after the commencement of ATT. Thereafter, the

patientwas reviewed regularly for 2 years duringwhich period

He remained disease free; both the surgical site and graft

healed well.

3. Case 2

A 50-year-old gentleman presented with the chief complaint

of swelling over the right lower third of the face and severe

continuous pain for 6e7 months. The swelling was gradual

and associated with reduced mouth opening and paresthesia.

A year back, he was diagnosed with Chronic suppurative

osteomyelitis of the right mandible for which He underwent

extraction of right mandibular first and second molar with

sequestrectomy; histopathology report revealed acute bacte-

rial osteomyelitis. The surgical site and extraction sockets

healedwell following surgery and remained symptom-free for

6e7 months. On clinical examination, a tender, diffuse and

irregular expansion of both the buccal and lingual cortices of

right mandibular body was palpated; first and second molars

were missing. Extraorally, a diffuse hard and lumpy swelling

over the right mandibular body was present; however, Lymph

nodes could not be palpated. OPG revealed a mixed radi-

opaque radiolucent lesion with a continuity defect (Fig. 2). A

provisional diagnosis of Osteomyelitis of the mandible with

pathological fracture was made. The patient underwent

segmental resection of the mandible and reinforcement with

reconstruction plate under General Anesthesia (Fig. 3). Post-

operatively, the surgical wound showed dehiscence and

erythematous wound margins.

Histopathology of the resected specimen revealed Tuber-

cular Osteomyelitis. The patient was immediately started on

ATT under Directly observed treatment short course (DOTS)

program. The surgical woundmargins immediately improved

in healing after starting the treatment; the patient is on reg-

ular follow-up and is currently disease free.

4. Case 3

A 5-year-old boy was referred to the department of Oral and

Maxillofacial Surgery from the department of Pedodontics and

Preventive Dentistry when he developed a painful swelling

with punctum on the right submandibular region since a

week. Two weeks back the patient underwent extraction of

right mandibular deciduous first and second molars due to

periapical abscess. Post extraction, the socket healed satis-

factorily with no adverse sequelae. After a week, a swelling

developed which gradually increased in size. Medical history

did not reveal anything significant. Intraoral examination

revealed a well healed extraction socket with no tenderness of

the adjacent teeth and surrounding periodontium. Extra-

orally, a diffuse, tender, non-fluctuant swelling with localized

Fig. 1 e Mandibular reconstruction with Iliac Crest graft

following Mandibular resection for OKC.
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raise in temperature without associated discharge was

palpated (Fig. 4). Differential diagnosis of Lymphoma, sub-

mandibular space cellulitis and Tubercular lymphadenitis

was made. The patient was advised oral antibiotics and an-

algesics. On persistence of the lesion despite local measures,

ultrasound guided FNACwas performedwhich tested positive

for TB-PCR. Patient was referred to TB center and was started

on ATT under DOTS program. The patient is on regular follow

up and the swelling has completely regressed post ATT.

5. Discussion

Tuberculosis is a communicable disease which is character-

ized as a chronic granulomatous infection caused by Myco-

bacterium Tuberculosis. According to the (World Health

Organization) WHO, the incidence of TB in 2018 was approx-

imately 10 million globally and the mortality was 1.3 million,

however, Oral TB is very rare and accounts for only 0.05e5% of

Extrapulmonary TB cases.2,8 India is endemic for TB and bears

1/3rd of the Global TB burden which influences the global TB

affliction by migration of either active/latent TB in-

dividuals.9,10 With the strain of the current (Coronavirus dis-

ease e 19) COVID-19 pandemic on the healthcare systems of

low- and middle-income countries, a 20% increase in the

incidence of TB is projected due to delayed diagnosis and

treatment.11 Nevertheless we opine that the widespread use

of masks, maintaining social distance and avoiding large

gatherings could lead to a decline in the incidence of TB.

Studies have shown that 50e80% of patients with smear-

positive TB will succumb to their disease if undiagnosed and

left untreated.12 The similarities in the symptomatic presen-

tation of SARS COVID and TB have a masking effect on the

diagnosis of TB.13 Although, oral lesions are uncommon, they

are crucial for diagnosis and interception of systemic TB.

Fig. 2 e A diffuse radiopaque-radiolucent lesion with continuity defect and missing first and second molars of right

mandibular body.

Fig. 3 e Mandibular resection followed by Reconstruction

plate reinforcement for osteomyelitis.

Fig. 4 e Diffuse swelling on the right submandibular region

in a 5 year old Boy.
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Diagnosis of oral TB is most often by exclusion because: le-

sions are rare; have multiple forms of presentation; do not

have pathognomonic signs and most importantly Primary

Oral TB could present without any respiratory symptoms.3,4,14

The three cases presented in this paper had no preexisting

history, symptoms, characteristic signs and radiographic

features of any form of TB. All the patients underwent oral

surgical procedures; subsequently, refractory lesions devel-

oped in the same region of surgery which mimicked various

oral lesions as mentioned earlier. These lesions were re-

fractory to local measures and were eventually diagnosed as

oral TB.

The route of Tuberculous Bacilli to the oral cavity is un-

settled; owing to the resistance of oral mucous membrane

and inhibitory action of saliva against the bacilli. Direct

endogenous/exogenous inoculation and hematogenous/

lymphatic spread are believed to cause oral TB; however, a

break in oral epithelium or trauma is alleged to cause oral

TB.6,7,15

The pattern noticed in our patients is very similar to

existing reports of patients that underwent a recent invasive

oral surgical procedures pursuant to which, the refractory

lesions which developed were diagnosed as Oral TB.16e21

Chaudary et al have shown that the spread of infection may

be through an extraction socket or mucosal opening associ-

ated with an erupting tooth.22 In a case series published by

Wang et al, 5 out of 7 individuals with cervical TB lymphad-

enitis have had a previous history of Tooth extraction.21 Meng

et al state that the mandible may be involved from extension

of a tubercular lesion of the mucous membrane or from

infected gingivae.23

Case reports of exogenous inoculation following oral sur-

gical procedures have been documented. Smith et al reported

an outbreak of oral TB among patients that underwent an

invasive dental procedure by a dentist with preexisting pul-

monary TB.16 Remarkably, those who were only examined did

not develop Oral TB. Petti states that Dental Health care

workers (DHCW) with active pulmonary TB who do not

conform to Infection control protocols could be responsible

for Primary Oral TB of the surgical site and occasionally active

pulmonary TB.24

Although case reports to corroborate trauma as one of the

precursor conditions for Oral Tb are existing, Shengold and

Shengold state the contrary due to the following reasons: all

sputum positive patients who undergo oral surgical proced-

ures don't develop oral TB and patients with negative sputum

nevertheless develop oral lesions.15 Therefore, the association

of Oral TB to a preexisting extraoral TB is non-conclusive;

however, any chronic, refractory postoperative oral lesion

could be Tuberculous.

Most studies published on this subject state that Oral TB

should be suspected for any chronic oral lesion but, we opine

that the chronicity of the lesion combined with a history of an

oral surgical procedure should particularly warrant a differ-

ential diagnosis of Oral TB. This pattern described in our paper

could be a significant clinical clue to enable a quicker diag-

nosis of Oral TB. It is essential for Dental Healthcare workers

in TB endemic countries to be able to identify Oral TB despite

its varied presentation. Our patients completely recovered

following surgery combined with ATT. More studies are

required to determine the pattern and predisposing condi-

tions for Oral TB.

6. Conclusion

Although the occurrence of Oral TB is rare, there is a strong

likelihood of its presentation in longstanding, non-responsive

post-operative lesions. Early detection of the disease results in

complete cure of the lesion and reduces morbidity.
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a b s t r a c t

Tuberculosis is a chronic and contagious infectious disease caused by multi-host species of

the genus Mycobacterium grouped within the Mycobacterium tuberculosis complex. These

pathogenic bacteria mainly affect mammals, including humans. The most recognized

species is Mycobacterium bovis, the causative agent of bovine tuberculosis in livestock.

Although livestock is the main host of M. bovis, this species is frequently isolated from wild

animals. Wild native mammals from Central and South America, as the crab-eating

raccoon or “aguar�a pop�e” (Procyon cancrivorus), may act as a source of tuberculosis and

may represent a human health risk, especially in captive scenarios, due to closer animal-

human interaction. However, the only presence of infection in wild animals is not enough

to determine their epidemiological role in the disease. Here we identify tuberculosis in a

captive aguar�a pop�e with clinical signs and lung macroscopic tuberculosis-like lesions

during necropsy. We detected tuberculosis by polymerase chain reaction assay. DNA was

extracted directly from lung tissue and the amplification target was the insertion sequence

6110. This study contributes to investigate the presence of the disease in wild native ani-

mals of Argentina and supports the knowledge that wild mammals may act as a source of

TB for humans and domestic animals.
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1. Introduction

Tuberculosis (TB) is an endemic and reemerging infectious

disease that generates hundreds of deaths and a significant

economic cost around the world each year.1 Globally, about 10

million people fell ill whit TB in 2019.2 TB is caused by species

of the genus Mycobacterium grouped within the Mycobacterium

tuberculosis complex (MTBC). MTBC species are multi-host

pathogenic mycobacteria with a high genetic similarity.3 The

most recognized members of MTBC are M. tuberculosis, a

human-host adapted species, and Mycobacterium bovis, an

animal-host adapted species.3 In livestock, bovine tubercu-

losis (BTB) is a zoonotic disease cause by the latter M. bovis.

Although livestock is the main host of M. bovis, this species is

also frequently isolated fromwild animals. The infection with

M. bovis has already been reported in more than 85 animal

species around the world.1 In the Americas, TB caused by M.

bovis inwild animals has been reported aswell.4 Moreover, the

prevalence of this endemic disease is known in livestock but is

unknown in wild animals.5 However, the only presence of

infection MTBC in wild animals is not enough to determine if

they play an epidemiological role within the disease.7 In this

sense, more studies are needed to establish the role of wild

animals in BTB in Argentinean ecosystems.8

The aguar�a pop�e (Procyon cancrivorus), also called “crab-

eating raccoon”, is a wild carnivorous mammal native to

Central and South America.9 The population of aguar�a pop�e is

likely to remain stable throughout South America, thus its

species conservation category is “least concern” (LC).10,11 In

the environments in which it is distributed it has not been

established yet whether this species plays any epidemiolog-

ical role in BTB or other zoonotic diseases.

Animals and humans affected by TB may develop a char-

acteristic macroscopic lesion with a nodular and irregular

appearance, a firm consistency and a caseous center.

Although these lesions are quite suggestive of TB, its etiology

must be confirmed.12 In wild animals, TB diagnostic tests

commonly used are bacteriological culture (as the gold stan-

dard method), enzyme-linked immunosorbent assay (ELISA)

and polymerase chain reaction (PCR).13e15 Our aim was to

confirm TB in a captive aguar�a pop�e from Argentina with

tuberculosis-like lesions (TBL), applying molecular and

microbiological diagnostic tests.

2. Materials and methods

This wild specimen of aguar�a pop�e was captured in Misiones

(Argentina) when it was a few months old, and it has been

kept as a pet in Buenos Aires (Argentina) since then. The an-

imal lived apparently healthy for 15 years until it showed

signs of health deterioration. Veterinary clinical evaluation

showed loss of teeth, shaggy hair, poor body condition and

respiratory signs (mucus and labored breathing). The veteri-

narian used amoxicillin-clavulanic (for 15 days), cephalexin

(during the next 20 days) and azithromycin (for 10 days after

that) as an empirical antibiotic therapy. Those antibiotics

were alternated because the patient did not show clinical

improvement. The animal died after 45 days of treatment. At

necropsy, multiple macroscopic TBL were observed in both

lungs (Fig. 1).

TBL samples were sent to the Mycobacteria Veterinary

Diagnostic Laboratory of the School of Veterinary Sciences,

University of Buenos Aires. For bacteriological culture, TBL

samples were homogenized and decontaminated by Petroff's
method using 4% sodium hydroxide. After decontamination

process, the samples were cultured in specific solid media:

Stonebrinkmedium (in duplicate), containing pyruvate for the

specific isolation of M. bovis, and L€owenstein Jensen medium,

containing glycerol as carbon source for the isolation of M.

tuberculosis. All cultured media were incubated at 37 �C and

observed for 12 weeks (Jorge et al., 2005). In parallel, DNA

extraction from TBL was performed using the commercial

DNA Puriprep T-kit (InBio Highway, Argentina). We used

sterile distilled water as a negative control on this step. From

extracted DNA, PCR was performed to amplify the insertion

sequence 6110 (Hermans et al., 1990), a target sequence

conserved within the MTBC. In PCR, we used the reference

strain of M. bovis AN5 and sterile distilled water as a positive

and negative control, respectively.

3. Results and discussion

MTBCwasmolecularly confirmed by PCR IS6110 performed on

DNA extracted directly from the TBL samples. Although the

isolation of the pathogenic mycobacteria could not be ach-

ieved, the detection of Mycobacterium DNA belonging to the

MTBC, together with TB clinical signs and TBL, are quite sug-

gestive of a case of tuberculosis in this aguar�a pop�e.16,17

Fig. 1 e TBL in the right lung of an aguar�a pop�e (Procyon

cancrivorus) observed during necropsy. TBL are shown

inside the yellow circles.
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Bacteriological culture is the gold standard test for TB

diagnosis. Nevertheless, its sensibility is variable (69e78%).18

The result of the test depends on mycobacteria viability, and

that is its main limitation. This result also depends on the

initial load of viable mycobacteria present in the sample, and

the percentage of surviving mycobacteria after the decon-

tamination process (Jorge et al., 2005). Even though we

cultured three consecutive times, none of them resulted in

positive isolation after 12 weeks of observation. In this sense,

the mycobacteria viability in the sample may have been

affected by an incorrect conservation method during its

transportation and also by the antibiotic therapy adminis-

tered to the aguar�a pop�e. Antibiotics used in this therapy were

reported to be bactericidal for MTBC members (Cynamon and

Palmer, 1983) and potential enhancers of antibiotic therapy

used in the treatment of TB caused by multidrug-resistant

strains (Ram�on -Garci�a et al., 2016).27

In contrast, PCR can sensitively detect the genetic material

of the primary pathogen regardless of the viability of the

mycobacteria.17 Therefore, molecular diagnosis offers an ad-

vantageous alternative as a screening test for TB diagnosis in

mammals19 and its results can be obtained faster (2/3 days)

than mycobacteria culture (12 weeks).20 The need to obtain

faster results becomes more relevant if we need to diagnose

animals that maintain close contact with humans.21

In this work, we suspected TB infection in an aguar�a pop�e

based on clinical sings and macroscopic TBL found during

necropsy and confirm the disease by molecular diagnosis.

However, MTBC species probably involved as the causative

agent of TB in this aguar�a pop�e could be either M. bovis or M.

tuberculosis, regarding to the epidemiology of this case. First,

M. bovis infection may have been acquired in the wild or by

feeding contaminated raw meat or milk in captivity.22 On the

other hand, M. tuberculosis may have been transmitted by its

owners. It is known that M. tuberculosis have humans as pri-

mary hosts. The exposure of wild animals to M. tuberculosis

becomes higher when the animal-human interaction is closed

due to mascotism or captivity life.23,24 However, neither of

those scenarios was confirmed.

Finally, we should improve community education to pre-

vent TB and other zoonotic diseases, emphasizing the risks

that arise from maintaining a close contact between wild

animals and humans. Moreover, captivity generates negative

experiences in wild animals that impacts on their welfare25

and also could impact the health of both animals and

humans.23

In conclusion, we detected MTBC by PCR from an aguar�a

pop�e with TBLL for the first time through the amplification of

IS6110. This study supports the knowledge that wild mam-

mals may act as a source of MTBC, especially when MTBC

members are involved in scenarios that generate close contact

between wild animals and humans24,26 and contributes to

investigate the presence of the disease in wild native animals

of Argentina.
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Tuberculosis has been afflicting mankind since times immemorial and yet can still present

itself in such a disguised manner that even the bests of experts may be duped. Any site

from head to toe can be affected but certain sites are far less common than the others. We

came across three inconspicuous manifestations at atypical sites-parapharyngeal abscess,

wrist joint and foot ulcer. No other primary site could be identified in any case. Two cases

were diagnosed microbiologically and one with radiological evidence. All the three cases

were medically managed and depicted positive response.

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

1. Introduction

Tuberculosis is a chronic infectious disease caused by the

resilient bacillus mycobacterium tuberculosis (M.tb). The

disease is endemic to developing and underdeveloped coun-

tries and is responsible for chronic morbidity and associated

adverse socioeconomic and psychological implications.1

Although, tuberculosis can affect any organ of the body but

most commonly the lungs are involved while extra-

pulmonary tuberculosis (EPTB) accounts for only about

15e20% of all cases.2 The extra-pulmonary sites are often

secondarily involved via hematogenous or lymphatic spread

from lungs or abdomen. It is rare for isolated involvement of a

different site as a primary site.3 These sites are notorious for

atypical presentation and consequent deleterious delayed

diagnosis that often leads to development of residual changes.

Another challenge is availability of tissue for microbiological

confirmation of diagnosis as often the representative sample

is inadequate and not available for repeat access.3,4

Skeletal TB cases comprise of only about 10% of EPTB and

roughly 1e3% of total TB cases.2,5 Lower thoracic and upper

lumbar spine are the most commonly affected sites in Pott’s

spine, which itself is the commonest site involved in skeletal

TB. We present here three cases with unusual rare sites of

involvement and conspicuous presentation- TB of upper

dorsal vertebrae manifesting as parapharyngeal abscess; iso-

lated wrist TB and tubercular foot ulcer. We had to rely on

* Corresponding author. Department of Respiratory Medicine, King George's Medical University, UP, Lucknow 226003, India. Tel: þ91
9415016858.

E-mail addresses: suryakant@kgmcindia.edu, skantpulmed@gmail.com (S. Kant).

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 7 0 ( 2 0 2 3 ) 1 2 4e1 2 8

https://doi.org/10.1016/j.ijtb.2022.03.026
0019-5707/© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.



radiological evidence for wrist TB, while the other two cases

weremicrobiologically confirmed. The patientswere given the

standard regimen for drug-sensitive TB under National

Tuberculosis Elimination Programme (NTEP)6 and showed

improvement in follow-up.

2. Case 1. Parapharyngeal abscess as a
presenting manifestation of Pott's spine

A-41-year old Indian male presented with complain of sensa-

tion of swelling in the floor of mouth and difficulty in deglu-

tition since 4 months. He also felt mild pain in upper back in

midline. There was mild fever in the evening and loss of

appetite. There was no history of trauma or tuberculosis. On

examination, he was thin built, anemic, afebrile, anicteric and

had no clubbing, cyanosis or peripheral lymphadenopathy.

Vitals were within normal limits. On oral examination there

was edema in the floor of themouth and pharynx more on the

left side and tenderness in the D1 and D2 vertebrae. Neuro-

logical examination was within normal limit and there was no

deficit. Auscultation revealed bilateral vesicular breath sounds.

Baseline investigations revealed the hemoglobin to be12.4

g/dL, total leukocyte count (TLC) of 11,700/mm3, 60% poly-

morphs, 37% lymphocytes and 3% monocytes on differential

count. Inflammatory markers were raised with C-reactive

protein (CRP) of 9.4 mg/L and erythrocyte sedimentation rate

(ESR) 35 mm/hour. On mantoux test there was 15 mm indu-

ration. Chest radiograph showed a reduced space between the

first two thoracic vertebrae, which was further confirmed on

antero-posterior and lateral radiograph of the cervico-thoracic

spine. There was a large left sided parapharygeal abscess

extending from the floor of the mouth to the D2 vertebra with

osteolytic and spondyloarthropathic changes in D1 and D2

vertebrae on magnetic resonance imaging of the spine (Fig. 1).

The pus was aspirated intra-orally and submitted for micro-

biological studies. The cartridge based nucleic acid amplifi-

cation test (CBNAAT) was positive wherein Rifampicin

sensitive M.tb was detected. The patient was registered under

NTEP and was initiated on Rifampicin (R), Isonizid (H), Pyr-

azinamide (Z) and Ethambutol (E) as per the guideline.

3. Case 2. Isolated wrist swelling

A young adult Indianmale (aged 20 years) hadmild pain and a

gradually increasing swelling in the right wrist joint since last

18 months. He had started to experience difficulty in move-

ments of the wrist since last 6 months. He had visited several

local physicians during this time and was prescribed varying

durations of non-steroidal anti-inflammatory drugs with

minimal effect. The patient felt generalized weakness but

denied any history of trauma or tuberculosis. Vitals were

within normal range. On local examination, the wrist was

warm with mild diffuse swelling. Tenderness was present;

there was no fluctuation or local or distal lymphadenopathy.

Routine blood investigations showed normal hemoglobin (13

g/dL) with TLC of 9800/mm3 with 62% neutrophils, 33% lym-

phocytes and 5% monocytes. Platelet count was 1.67 lac/mm3

with an elevated ESR of 27 mm/hour and CRP of 8.2 mg/L. The

mantoux test was positive with 13 mm induration. With the

differential of tubercular etiology in mind, a chest radiograph

was done to rule out pulmonary TB along with gadolinium

enhanced MRI right wrist. There was no parenchymal or

pleural abnormality on chest x-ray while the MRI revealed

post contrast enhancement in the distal ends of right radius,

ulna and all the bones of proximal row of carpals (Fig. 2). A

collection was also noted in the wrist space, which was aspi-

rated and sent for smear examination, CBNAAT and liquid

culture and sensitivity testing. The smear and CBNAAT for

M.tb were negative and while awaiting the culture (which

later turned up negative), the four-drug regimen (HRZE) was

initiated on clinical and radiological basis after discussion

with the orthopedic surgeon. The patient reported relief in

pain and weakness on follow-up visit 4 weeks after initiation

of therapy.

4. Case 3. Foot sinus

A 32-year-old Indian male had pain in left foot since six

months for which he initially resorted to over the counter

analgesics with little benefit. The pain persisted and gradually

the movements of the foot became restricted. Four months

back he developed an ulcer with oozing of non-foul smelling

yellowish pus that did not grow any organism on pyogenic

culture. The sinus did not heal despite receiving courses of

broad-spectrum antibiotics from local doctors. However, the

discharge from the ulcer confirmed presence of M.tb without

the rpo-B mutation on CBNAAT and the patient was initiated

on a private regimen of HRZE and referred to our center for

registration under the NTEP program. He reported to us after a

month of receiving the anti-tubercular drugs.

On examination, the ulcer was bone deep with inverted

healing bluish-grey margins and necrotic base (Fig. 3). He had

gained 3 kg weight in the past one month. A chest x-ray was

donewhichwas normal. He was registered under the national

program, provided with the drugs according to his weight

band and counseled for regular follow-up.

5. Discussion

Spinal TB is the most common type of skeletal TB with po-

tential to spread along the different fascial planes causing

extensive morbidity and likelihood of mortality if left un-

treated.2,5 While TB can affect any live tissue in the human

body, certain sites are very rarely involved.7e11 Parapharyngeal

space is one such potential space in the pharynx bounded

medially by the superior constrictor muscle and pretracheal

fascia and laterally by pterygoid muscles, anteriorly by ramus

of mandible and posteriorly by the vertebral column; contain-

ing important neurovascular structures.12 Most of the para-

pharyngeal abscesses are pyogenic in origin and are potentially

fatal if not managed timely.13 Patient presents with fever,

dysphagia, odynophagia and swelling.14 High-grade fever

associated with oral symptoms point towards pyogenic cause;

the chronic course of the disease associated with evening rise

of temperature, fatigue, night sweats, weight loss and lack of

response to broad spectrum antibiotics are indicative of
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tubercular etiology. Spinal involvement has more commonly

been reported with retropharyngeal abscesses.13,15 However,

pharyngeal abscesses could also associatedwith pott's spine as

in our case but there could be clinical latency.16 Since last four

cranial nerves pass through this space, a detailed nervous

system examination should be done to assess the extent of

involvement of the nerves. Cases of isolated tubercular para-

pharyngeal abscesses have been reported previously.17e19 A

tubercular abscess responds well to anti-tubercular therapy

while a pyogenic abscess requires urgent incision and

drainage. Only large tubercular abscess requires intra-oral or

subcutaneous aspiration otherwise conservative management

is sufficient as there is risk of formation of non-healing sinus

with surgical management.13,17e19

Among skeletal TB cases, wrist is involved in only about 1%

cases.20e22 Capitate and radius are the most commonly

involved bones. The involvement is either post-trauma or via

hematogenous route.20e22 Our patient denied the trauma

history and had no abnormality on chest radiology. The subtle

presentation of pain and swelling in the absence of respiratory

involvement often delays the diagnosis leading to perpetual

damage and residual deformity. Sinus formationmay occur in

complicated cases.22,23 Fortunately, in our case, the anatomy

was not disrupted yet so medical management alone sufficed

in restoring complete range of movement. In advanced cases,

surgical exploration and fixation may become a necessity

along with anti-tubercular chemotherapy.22,23

TB of the foot or ankle is yet another rarity. There may be

underlying tubercular osteomyelitis or arthritis that may pre-

sent as swelling and pain or may burst forming an ulcer or a

sinus. The delay in diagnosis ranges from 3 months to 5 years.

Most cases reported aremales due tomore outdoor exposure.24

Nearly half the cases have no pulmonary involvement as in our

case as well. Like in other forms of skeletal TB, conservative

management is adequate for uncomplicated cases, with sur-

gical options reserved for refractory cases.24e26

Early diagnosis is the key to reduce morbidity in all forms

of EPTB. Skeletal TB often gets confused with pyogenic,

Fig. 1 e Sagittal section of magnetic resonance imaging cervicothoracic spine shows a large pocket of left sided

parapharyngeal abscess extending from floor of the mouth upto D2 prevertebral level, ? Stress fracture of D1 vertebrae with

? osteolytic lesion of D1 and D2 vertebrae with bone marrow edema with associated spondyloarthropathic changes cause ?

Pott's Spine.
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rheumatoid or systemic inflammatory disorders.24 Most cases

reported have asserted the dominant role of clinical, labora-

tory and radiological features to obtain the diagnosis.20e26

Microbiological evidence is scarcely reported. We were able

to detect M.tb in two of our cases via CBNAAT. It was

impressive that the microbiological diagnosis of the tuber-

cular foot ulcer was made at a remote center in India. It is

likely that strengthening of the NTEP and widespread avail-

ability of CBNAAT machines with ease of sample submission

led to accurate diagnosis of drug sensitive TB which is a pos-

itive event. The treatment of skeletal TB is prolonged with

respect to pulmonary TB and extends from 9 to 18 months

depending on clinical and radiological follow-ups.2

None of our patients had any low-immunity state so as to

make them more prone. Ergo, TB being endemic to our

country with a rising number of drug-resistant cases even in

extra-pulmonary cases, a high index of suspicion is required

even in absence of immune-compromised status.27,28 We

assert repeated periodic sensitization of all specialties other

than pulmonary is highly desirable so as to update them

regarding the changing epidemiology and available diagnostic

and therapeutic options.

Fig. 2 e Magnetic resonance imaging right wrist shows patchy area of signal intensity alteration with post-contrast

enhancement in distal ends of radius and ulna and scaphoid, lunate, triquetral and pisiform. Peripheral enhancing

collection is noted in joint space extending into radio-ulnar joint and along inter-osseous membrane. The findings are

suggestive of infective etiology ? Tubercular.

Fig. 3 e A 2.5 cm £ 2 cm oval healing ulcer present medially on the dorsum of left foot showing bluish-grey indurated

margins with sloping edge and part-scarred, part-granular, reddish-yellow base. Surrounding skin is thinned out and

shiny.
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6. Conclusion

Despite housing nearly one-fourth of the world's TB cases,

sometimes the diagnosis is delayed even in an endemic

country like India owing to uncommon presentation. A thor-

ough history with an index of suspicion is required to timely

diagnose and prevent irreversible complications.
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Mendelian Susceptibility to Mycobacterial Disease describes a spectrum of inherited de-

fects, of which complete deficiency of the interleukin-12 receptor b subunit 1 (IL-12Rb1) is

the most common cause. This condition results in a predisposition to severe disease

caused by mycobacteria. We report a case of disseminated multidrug-resistant tubercu-

losis with extensive central nervous system affection with SARS-CoV-2 co-infection, in a 4-

year-old child with IL-12Rb1 complete deficiency.
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1. Introduction

Complete deficiency of the interleukin-12 receptor b subunit 1

(IL-12Rb1 or MIM:614891) is themost common genetic etiology

of Mendelian Susceptibility to Mycobacterial Disease

(MSMD).1 To present, only 213 patients from 164 families

worldwide have been reported to have complete IL-12Rb1

deficiency and possibly many others may have been diag-

nosed.2 Mycobacterial disease is the most prevalent infection

in IL-12Rb1 deficiency due to an increased susceptibility to the

manifestation of severe type infection in these patients and

has been reported in 80% of them.2,3 Complete IL12Rb1 defi-

ciency has incomplete clinical penetrance; In other words,

some patients are asymptomatic.4

Each year, 1 million children contract tuberculosis (TB), of

whom 210,000 die because of the disease. Approximately 10%

of all TB cases have been reported to occur in children, and in

this age group deaths are usually caused by Central Nervous

System (CNS) TB or disseminated disease.5

To our knowledge, only three patients with IL-12Rb1 defi-

ciency and disseminated multidrug-resistant tuberculosis

with CNS TB have been reported.3,6,7

We reported a child with disseminatedmultidrug-resistant

tuberculosis and SARS-CoV-2 co-infection due to IL-12Rb1

deficiency.

2. Case report

A 4-years-old child, born in March 2021, the second son of a

non-consanguineous marriage, from Tenango del Valle,

M�exico. Hewas premature (32 weeks). Neonatal screening test

of congenital hypothyroidism, galactosemia, adrenal hyper-

plasia, phenylketonuria, and biotinidase deficiency, was

normal and his sibling is healthy. Neurodevelopment was

normal. History of non-specified severe infections in her

family and any other relevant medical information.

He received BCG vaccine at birth, and 3months later a local

edema appeared, which self-resolved one month later

without treatment. Seven months later, showed 2 retro

auricular masses that got resolved without treatment. In June

2019 (at 2 years), a regional left armpit lymphadenitis due to

BCGitis was diagnosed, and received rifampicin for unknown

time without improvement.

On April 2020, the patient was remitted for the first time to

our hospital and a ganglionic tuberculosis was diagnosed by a

lymph node biopsy. Blood cell count analysis showed leuko-

cytosis, neutrophilia, and lymphocytosis and was treated for

nine months with isoniazid (6 mg/kg/day), rifampicin (12mg/

kg/day), pyrazinamide (32mg/kg/day), and ethambutol (24mg/

kg/day). On January 3rd 2021, at the age of 3 years, presented

non-productive cough, rhinorrhea and odynophagia, treated

with symptomatic drugs. Ten days later, arrived to our hos-

pital presenting tachypnea, tachycardia, fever, and oxygen

desaturation (84%) and then SARS-CoV-2 infection was

detected by a quantitative polymerase chain reaction on

January 19th. The patient had a favorable evolution and did

not require invasive mechanical ventilation nor aminergic

support.

After recovering from SARS-CoV-2 infection, the patient

had persistent fever and paroxysmal hemoptysis requiring

blood transfusion on January 21st; and ceftriaxone IV 75mg/

kg/12hrs was initiated. Simple and contrasted computed to-

mography (CT) scans found bilateral pleural effusions and

brain abscesses, so thoracentesis, gastric liquid sampling and

drainage of brain abscesses were done on January 22nd.

Bacilloscopy and GenExpert analysis were positive to Myco-

bacterium tuberculosis resistant to rifampicin and isoniazid in

the brain abscess and pleural effusions. Serology for HIV, HBV,

HCV and adenosine deaminase in pleural liquid, were normal.

Levofloxacin (20mg/kg/day), amoxicillin with clavulanic acid

(75mg/kg/day), linezolid (20mg/kg/day), propionamid (18mg/

kg/day), cicloserin (18mg/kg/day) and fluconazole (6mg/kg/

day) were given.

Additional 15ml of drainage of a brain abscess was done on

February 5th 2021. Another head CT done on February 11th

found a new brain abscess nearby the ventricular wall

(15.7 � 22.25mm). On February 15th, Chronic granulomatous

disease was ruled out after negative results of the reduction of

nitroblue tetrazolium and dihydroergotamine techniques. A

flow cytometry showed a low count of CD4 and CD3

lymphocytes.

On March 13th, the patient developed intracranial hyper-

tension by hydrocephalus; and a third ventricle ven-

triculostomy was performed the next day without

improvement, therefore a ventriculoperitoneal shunt was

performed the same day. On March 24th another microsur-

gical resection of brain abscesses was done without any

incident.

On April 29th the expression of IL-12R and Interferon

gamma receptor 1 (IFN-gR1) was assessed in the patient and in

his family members using flow cytometry. Expression of IFN-

gR1 and IL-12Rb2 were normal. However, no expression of IL-

12Rb1 was found in the patient's CD3þ T lymphocytes, and

was minor in his family compared to control.

Functionality of the IL-12R was assessed measuring IFN-g

production in response to recombinant human interleukin 12

(rhIL12) and phytohemagglutinin (PHA) (Fig. 1). The patient

and his parents showed decreased production of IFN-g in

response to any of the given stimuli compared to control,

especially with the combination of rhIL12 and PHA. Interest-

ingly, his sibling showed increased basal production of IFN-g

and higher response to PHA and rhIL12 given alone compared

to control.

Functionality of the IFN-gR was assessed measuring tu-

moral necrosis factor alpha (TNF-a) production in response to

lipopolysaccharide and IFN-g at different concentrations

(Fig. 2). All the subjects showed adequate response to any of

the given stimuli.

In summary, an IL-12Rb1 receptor complete deficiency was

diagnosed in our patient.

Subsequently, right tempo-parieto-occpital tuberculomas

were found and resected on May 11th and June 12th 2021. On

July 1st, the patient was re-admitted to our hospital and a

magnetic resonance imaging (MRI) of the head showed mul-

tiple brain abscesses (Fig. 3). On July 7th, the patient went

through a non-successful resection of a fourth ventricle

tuberculoma (Fig. 3).
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3. Discussion

We present the diagnosis and clinical evolution of a child with

complete IL-12 Rb1 deficiency. CNS TB is one of the most

devastating clinical manifestations of TB and is associated

with higher mortality.8 Tuberculomas, together with lep-

tomeningitis, are the most frequent tuberculous lesions. They

are responsible for 10e30% of intracranial expansive pro-

cesses in endemic countries, and a higher risk of CNS TB is

described in children younger than 5 years and patients under

immunosuppression, such as HIV-positive patients or any

other cause of immunodeficiency such as MSMD.6

Previously, a six-year-old child from a town nearby our

patient's residence presenting defects in the IL12/IL-23/IFN-g

axis, as well as disseminated TB was reported.4 It is important

to detect if there is a founder effect in the immunological

deficiency between both patients. Similarly, there are three

cases reported in India, Iran and Turkey with similar neuro-

logical pictures due to TB infection because of MSMD.3,6,7

However, unlike previously published cases, our patient

showed substantially more severe neurological manifesta-

tions which have led him to be surgically intervened by the

neurosurgery service on multiple occasions. All the patients

reported above were vaccinated with BCG and had developed

BCGitis.3,4,6,7

The basic model is that macrophages are infected by

mycobacteria, leading to the elaboration of IL-12 by the

infected cell. IL-12 acts on the IL-12 receptor on T and NK cells

to elaborate interferon-gamma (IFNg). IFN-g, in turn, acts on

Fig. 2 e Evaluation of the functionality of IFN-gR by TNF-a production. The patient showed adequate production of TNF-a

demonstrating correct function of the IFN-gR.

Fig. 1 e Evaluation of the functionality of IL-12R by IFN-g production. The patient showed decreased production of IFN-g

demonstrating defects in the function of the IL-12R.
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the initiating macrophage through its interferon-gamma re-

ceptor phosphorylating the signal transducer and activator of

transcription 1 (STAT1) and upregulating IFNg responsive

genes Co-expression of both b1 and b2 subunits is required for

IL-12 binding and high-affinity signaling.9 IL-12Rb1 also com-

bines with IL-23R to transmit the IL-23 signal, and therefore,

mutations in IL-12p40 and IL-12Rb1 affect IL-23 signaling as

well.3,4

There are multiple ways in which diagnosis of complete

deficiency IL-12R can be made. Among the options is the

evaluation of the expression of IL-12Rb1 by Real-time PCR.

Another option is a whole-exome sequencing revealing where

the molecular alteration lies.2

There is a standardized procedure for the evaluation of the

IL-12Rb1 expression by fluorescence-activated cell sorting and

stimulation of T cells by rhIL12 and PHA to assess the pro-

duction of IFN-g.10 These are the methods whereby diagnosis

was achieved in our patient.

Treatment remains in debate because no evidence dem-

onstrates the superiority of any treatment against others. In

some cases, it has been reported the use of IFN-g, prophylactic

antimicrobials, and hematopoietic progenitor cell

transplantation.11

However, due to the lack of solid evidence, none of the

treatmentsmentioned abovewas implemented in our patient.

4. Limitations

Unfortunately, due to limitations in processing samples in our

institution, the precise genetic mutation in our patient could

not been identified. However, IL-12Rb1 deficiency could be

addressed by assessing the expression and function of the IL-

12R and IFN-gR1 in the patient's CD3þ T lymphocytes.
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1. Introduction

The World Health Organization (WHO) estimated that around

1.7 billion people to be infectedwithMycobacterium tuberculosis

(TB) in 2019, with 1.4 million annual deaths from TB.1 A 95

percent of these TB cases occur in resource-limited countries

with poverty, HIV and drug resistance being the major

contributing factors.2 The greatest obstacle to reduce the

incidence and deaths due to TB is the significant proportion of

patients with Tuberculosis that are never diagnosed and thus

never treated. WHO estimation is that the undiagnosed cases

of TB roughly approximate 30 percent. Detection and

treatment of MDR-TB are also inadequate. According to WHO,

only 44 percent of patients with MDR-TB were diagnosed in

2019 and, of those, only 86 percent were given effective

second-line treatment.2

Drug resistant TB poses considerable risk to TB control

programs worldwide. The proper therapy of MDR-TB and

XDR-TB imposes huge financial burden, especially in low-

income countries.2 There is ever increasing incidence of

multidrug-resistant tuberculosis (MDR-TB) and the emer-

gence of extensively drug-resistant tuberculosis (XDR-TB)

potentially creates lot more challenges. Hence, the rapid

diagnosis of drug resistant-TB has received much attention

especially in the last decade. Controlling resistance, reducing

transmission and improving treatment outcomes in MDR/

XDR-TB patients highly depends on early detection of drug

resistance. The phenotypic methods used for susceptibility

testing require more human resources and is time-

consuming. At the same time, molecular methods for drug

susceptibility testing are easier to perform and have a rapid

turn-around time.3,4

In December 2010, WHO recommended the use of Xpert

MTB/RIF assay for the detection of M. tuberculosis as well as to

detect rifampicin resistance. The advantage of Xpert MTB/RIF

assay is that it provides results directly from sample in less

than 2 h.5

The World Health Organization (WHO) has approved the

use of line probe assays (LPAs) for first and second line

diagnostic screening of MDR/XDR-TB. In 2008, the World

Health Organization (WHO) endorsed the use of the first line

(FL) line probe assay (LPA), the GenoType MTBDRplus

(referred to as GenoType MTBDRplus V1), which facilitated

hasty diagnosis of multidrug-resistant TB (MDR-TB) as well
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as helped in concurrent detection of resistance to rifampicin

(Rif) and isoniazid (H).6 WHO endorsed second line LPA in

2016 to detect the resistance to flouroquinolones and second

line injectables.7 The LPA reports are usually available within

72 hours.

Next-generation sequencing (NGS) represents the futuris-

tic method for TB diagnosis and detection of drug resistance

characterization, and many NGS platform options now exist

for DR-TB diagnosis. Unlike other genotypic methods used for

DR-TB, which depend on the indirect identification of MTB

and a limited set of resistance mutations through the hy-

bridization of probes to specific genetic sequences, Next-

generation sequencing give comprehensive information on

the sequence of multiple gene regions or whole genomes of

interest.8

Previous treatment regimens for MDR TB required intra-

venous treatments of long duration and high cost. However,

the 2020 and 2021 recommendations from the WHO for the

management of drug-susceptible TB and MDR TB have

included oral treatment regimens and reduced treatment

duration. The WHO recommends a shorter treatment

regimen of between 9 and 11 months for patients with MDR

TB not resistant to fluoroquinolones, including oral beda-

quiline.2 For patients with MDR-TB who also have fluo-

roquinolone resistance, a regimen composed of bedaquiline,

pretomanid, and linezolid may be used for between 6 and 9

months.2

Despite these advancements in the diagnosis of TB, certain

flaws still exist in the implementation of TB programmes

especially in low income countries which affects treatment

outcome. TB treatment failure can be sometimes due to

insufficient supervision of field activities and laboratory ser-

vices. So, we are presenting the case report of an MDR patient

whose treatment outcome could have been improved by

proper supervision and implementation of services as sug-

gested by NTEP and WHO.

2. Case report

A 30 year old male patient, resident of Hathras District, Uttar

Pradesh, a Northern State of India was referred from a pe-

ripheral health center to our hospital, which is a tertiary care

center in Aligarh,Uttar Pradesh as a case of Multi drug resis-

tant tuberculosis Treatment Failure. The presenting com-

plaints of the patient were new onset cough with

expectoration and fever of 1 month duration starting from

November 2021. The patient had already taken MDR TB

treatment with effect from January 2020, for a period of 9

months without any default before being declared as treat-

ment completed on October 2020 from the same peripheral

health center.

The patient was referred to us on 31st December 2021,

when his sputum CBNAAT done on 15th December detected

Rifampicin Resistance. Since this patient was referred as a

case of MDR TB treatment failure, it was pertinent from our

side to take proper history regarding his previous ATT

history.

He took treatment for his primary MDR TB under NTEP

(National Tuberculosis Elimination Programme), earlier

known as RNTCP, with effect from January 4 2020, when his

sputum smear detected Mtb and sputum CBNAAT confirmed

Rifampicin Resistance. He was givenmedication under DOTS

Category IV Shorter regimen as per his weight 51kg. It

included 4 months Intensive phase of Inj. Kanamycin 750mg,

Tab. Moxifloxacin 800mg, Tab. Ethionamide 750mg, Tab.

Clofazimine 100mg, Tab. Isoniazid 900mg, Tab. Ethambutol

1200mg and Tab. Pyrazinamide 1750mg followed by 5

months Continuation phase comprising Moxifloxacin, Clo-

fazimine, Pyrazinamide and Ethambutol in same doses. Soon

after the initiation of this treatment, his sputum first line

Line Probe Assay and Second line Line Probe Assay were sent

on 7th January 2020. He was highly motivated to take his

medications and was regular in taking his medication

without any default.

The patient was on regular follow up till March 2020,

when the nation-wide lock down was imposed in India

owing to Covid-19 pandemic. During those periods, many

health care facilities in India were converted to dedicated

Covid care centers and as a result of which, the follow up of

our patient was also affected. However, he was regularly

getting medications from DOTS center. At the end of Inten-

sive phase, his sputum smear was negative for AFB and

sputum culture was also negative. Despite being unem-

ployed due to lockdown, the patient completed 9 months of

his medication. At the end of 9 months, he was completely

free of symptoms and was declared as MDR TB treatment

completed from the peripheral health center. Sputum cul-

ture done at the end of treatment reported contaminated

specimen after 1 month of submission and no efforts were

taken to submit new sample.

In January 2021, 4 months after he was declared as treat-

ment completed, he got a call from peripheral DOTS center

informing him that his treatment needed modification. Since

he was having no symptoms, he refused to take any medica-

tions again. He was absolutely fine till November 2021, when

he developed new onset cough with expectoration and low

grade fever. He visited the same peripheral DOTS center now

and his sputum smear was positive for AFB and sputum

CBNAAT detected Rifampicin Resistance. Hence, the patient

was referred to our center as a case of MDR TB treatment

failure.

His past history was nothing significant except for pre-

vious MDR TB treatment. Two of his brothers had con-

tracted TB and taken treatment for MDR TB 4 years and 3

years back respectively, out of which 1 brother died due to

TB last year. He lives in a joint family consisting of 11

members and works as a delivery agent for a local company.

His vitals were stable at the time of examination; Pulse rate-

76/min, BP e 100/70 mm Hg in the right upper limb, Respi-

ratory rate e 16/min, Saturation - 95% and Temp e 98.6 F.

Respiratory system examination was normal except of

bilateral coarse crepitations. Other system examinations

were within normal limits. Chest X-ray revealed non ho-

mogenous opacities in the right upper and mid zone with

cavities on the right side.
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The first question that rose in our mind was whether this a

true case of treatment failure. We checked the details of the

patient in Nikshay web portal. It was realized that the Sputum

F-LPA and S-LPA which was sent on January 4th 2020 was

updated in Nikshay portal on 23rd March 2020. To our sur-

prise, the F-LPA report was showing Rifampicin Resistance

along with high level Isoniazid Resistance while S-LPA

detected high level Flouroquinolone Resistance. The patient

was not informed about this report then and was not adviced

any change in treatment regimen. We enquired regarding the

same with the concerned DOTS center and it was told that

they got information regarding the reports on January 2021

and updated the patient about it promptly. Shortly, the patient

was informed about his F-LPA and S-LPA reports, 1 year after

he had submitted his sputum samples and by this time, he

had already completed his MDR TB shorter regimen and was

free of any symptoms.

So this was actually a case of Pre-XDR Tb in January 2020

which required treatment with all oral longer MDR Tb regimen.

However, due to the long delay in disposing the LPA reports to

the patient, he was not given proper anti-tuberculosis

medication as per his resistance pattern. We registered this

patient under DOTS Cat IV all oral longer Bedaquiline con-

taining regimen with effect from January 1st 2022.

3. Discussion

Tuberculosis caused by Mtb that is resistant to at least isoni-

azid and rifampin and an additional chemotherapeutic agent

is known as MDR TB.9 Infection with M. tuberculosis resistant

to isoniazid, rifampin, and fluoroquinolones (levofloxacin or

moxifloxacin) is now known as ‘pre-extensively drug-

resistant TB’ (pre-XDR TB).9 Infection with M. tuberculosis

resistant to at least isoniazid, rifampin, and any fluo-

roquinolone, and at least one additional group A drug, which

currently includes bedaquiline and linezolid, is now known as

‘extensively drug-resistant TB’ (XDR TB).9

Currently, theWHO collects MDR TB data and reports from

more than 170 countries. The latest WHO Global TB Report

estimated that in 2019, there were more than 500,000 patients

of MDR-TB worldwide,2 out of which only 186,772 patients
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were confirmed to be of MDR-TB by laboratory and molecular

investigations, and only 57% had positive treatment out-

comes.2 The need for a more rapid and accurate diagnosis of

MDR TB, screening for MDR TB, and improving treatment and

patient follow-up has been highlighted in the most recent

WHO report.2 The implementation of infection surveillance

along with molecular testing has improved data collection.

Hence, the prevalence of MDR TB can now be continuously

monitored, even in countries with a high infection rate.2

Patient turnaround time (P-TAT) is defined as the time

elapsed in days between identifying the eligible patient to

initiating the patient on treatment, based on the laboratory

result. The patient TAT has been divided into pre-lab, lab and

post-lab TAT. Pre-lab TAT includes time taken for patient

identification, referral for testing and specimen collection,

packaging and transport. Lab TAT includes elapsed time in

days for specimen receipt at the laboratory, testing and

reporting results. Post-lab TAT is the time taken for receipt of

laboratory results, pretreatment evaluation and treatment

initiation/modification. TAT serves as a quality indicator to

assess efficiency of field services as well as the diagnostic

cascade in the patient pathway.10

The latest PMDT guidelines by NTEP have published the

benchmark for total patient turnaround time. It has been set

as 5e10 days for Nucleic Acid Amplification Test (NAAT), 8e12

days for line probe assay, 29e58 days for LC-DST and 11e45

days for follow up liquid culture.10 Now, as far as our patient is

concerned, hewas informed about his LPA reports, 1 year after

submission of sputum sample. His reports were made avail-

able in the Nikshay portal, 2 months after submission of

specimen. So, it suggests that pre-lab, lab and post-lab TAT

were significantly prolonged for this patient. The post-lab TAT

of more than10 months is not affordable by any standards.

This indicates that despite the introduction of rapidmolecular

tests, the overall patient turnaround time has not reduced

significantly mainly due to inadequate monitoring of field

level activities and laboratory services.

This case report is just a cross section of what actually

happens at the peripheral levels of TB care. The author doesn't
think it to be an isolated incident happening only in the

country. In fact, this must be scenario in all high TB burden

countries. Huge patient load, lack of sufficient laboratory

facilitiess, inadequate supply of diagnostic logistics like

specimen containers, catridges, lack of care providers and

financial constraints are the common issues in low income

countries that is affecting the TB treatment outcome.

Also, since early 2020, the COVID-19 pandemic has had a

direct and indirect detrimental impact on health services in all

areas, including infectious diseases and TB services.11 Priori-

tized health services, clinical studies, and vaccine and drug

development to treat SARS-CoV-2 infection have diverted

these applications and resources from other infectious dis-

eases.11 These effects of the COVID-19 pandemic have come

when TB cases, combined infections with TB, and MDR TB

have all been increasing globally.11 It has recently been esti-

mated that MDR-TB cases will continue to rise in 2021 and

2022, further affecting already poor treatment outcomes.11

The previous ATT intake of the patient correlates with the

periods of nationwide lockdown in India. It was a period of

complete chaos in the public health sector and many of the

peripheral primary health care centers in India were con-

verted to dedicated Covid care centers. Also, the services of

health care workers including laboratory technicians were

shifted for Covid related services. This could be another

reason for the delayed disposal of the reports.

Delayed diagnosis and treatment are detrimental to TB

prognosis and sustain TB transmission in the community,

making TB elimination a great challenge, especially in high

burden countries. TB programs should strive to test and treat

TB by adopting WHO recommendations for same-day TB

diagnosis12 to further reduce TB transmission andmortality.13

Higher-level policies and interventions such as health system

strengthening, universal health coverage, and the provision of

sustainable social welfare schemes are important to reduce

delays, improve access to TB care, and ultimately achieve the

global TB targets.14

4. Conclusion

Moving forward, it is going to be challenging times for all TB

care workers. What has happened in the past has happened

and it is important to learn from the mistakes. It is important

to consistently achieve benchmark TAT for all TB laboratory

services and to periodically review process indicators for

achieving quality improvement. To move in tandem with

WHOEnd TB strategy, NTEP needsmore political commitment

and capacity building. More than implementation of the

newer guidelines, monitoring and evaluation of TB services at

the periphery is the need of the hour.
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