Phone : 0385-2414720

'\‘T\Q. [F-f x -qfarg? 0385-2414750
m aﬂ-gﬁ'an 5 pTcl: e-mail : rims@rims.edu.in
REGIONAL INSTITUTE OF MEDICAL SCIENCES, IMPHAL, MANIPUR  website - wwuw.rims cdu.in
(A 3R URaR STy 7y, R IRER & m@ﬁmm

(An Autonomous Institute under the Ministry of Health & Family Welfare, Govt. of India

CIRCULAR
Imphal, the 25™ June, 2025

No. 121/RIMS-MRU/2025: With reference to the DHR letter no. R.11016/22/2024-HR dated
18.06.2025; it is hereby informed that the 2" Research Masterclasses 2025, of the Department of
Health Research Ministry of Health and Family Welfare, Government of India will be conducted
virtually, on 27™ June 2025 (Friday).

2. Being a general holiday, esteemed faculties have the option to attend from their personal online
platforms through the link provided. Early login is suggested as the optimum entry at times gets
saturated early on.

3. In the larger interest of research endeavor of our fraternity and as a hub center of our institute, the
Multi-Disciplinary Research Unit, RIMS, shall remain functional during the transmission period. All the
esteemed members of EC, LRAC of MRU, Principal Investigators undertaking MRU funding projects
(including under process projects) and interested faculties are invited to take part in the session at MRU
itself. (with maintenance of COVID-19 appropriate measures)

Date: 27.06.2025 (Friday),

Time: 3:00 PM onwards

Join Zoom Meeting: (The link for the research masterclass will be shared shortly)
Venue: EC Conference room, MRU, RIMS

4. In compliance with the instruction from DHR, maximum participation from the institute is highly
encouraged and appreciated. Departments/Colleges/individual faculty participants are requested to share
their attendance status with MRU after the session for onward submission to DHR.

5. The research papers to be discussed during the research masterclass are available in the RIMS
website: https.//Www.rims.edu.in/secure/ and also being shared with Departments through their

respective e-mail {Ds. A‘u
‘ RS
Z—35-6

Prof. T. Jeetenkumar S‘ingh,
Nodal Officer,
Multi-Disciplinary Research Unit,
RIMS, Imphal

Copy to
1. The P.S. to Director, RIMS for kind information of Director
2. TheP.A. to Medical Superintendent, RIMSH for kind information
3. The Dean (Academic), RIMS
4. The Principal, Dental College, RIMS
5. The Principal, College of Nursing, RIMS
6. The HOD, RIMS Imphal............coocoiiiii e P
7. The Chairman, LRAC, MRU, RIMS
8. The Members, LRAC, MRU, RV S . ... e,
9. The Members, EC, MRU, RIMS, Imphal '
10. “Fhe Principal Investigator, RIMS . e e e

. The [T section, RIMS, Imphal — for uploading the notice in the website and technical support on 27.6.25
12. Guard file.




No. R.11016/22/2024-HR
Government of India
Ministry of Health & Family Welfare
Deptt of Health Research
IRCS Building, 2™ Floor,
Red Cross Road
Mew Delhi — 110 001

18.068.2025
To

The Deanv Principall Director of Medical Colieges/ nstitutes
Subject: Request to attend Research Masterclasses, 2025 for MRU network— reg.

SirfMadam

CHR-ICMR has initiated a dedicated platform 1o conduct Research Grand Rounds to
strengthen the National research ecosystem through sustained collaboration and knowledge
exchange. The objectives of the Research Grand Rounds are as follows:

. To deliberate on research methodologies, analytical tools, and emerging scientific
approaches

. To strengthen the methodological understanding amongst researchers neesded o
implement different kinds of research.

lif.  To foster collaboration and connectivity across research institutions

2 These Research Grand Rounds will be organized as monthly webinars entitled ‘Research
Masterciass’ on last Friday of each month from 3:00-4:30 PM. The speakers for these Research
Masterclasses will be eminent research scientists in the country who will be discussing their original
research waork in details from methodological point of view.

3 The next Research Masterciass is scheduled for 27 08.2025 {Friday) at 3:00 PM. The
invited speaker is Prof. Anurag Bhargava, Department of Medicine, Kasturba Medical College
Mangalore, Manipal Academy of Higher Education, Manipal, Karnataka. The research paper to be

discussed during the research mastercliass is enclosed. The link for the research masterciass will
be shared shortly.

4. Accordingly, It s requested to kindly disseminate the information in your institution and
ensure maximum participation in Research Masterclass. Also, it is requested from your institute to
share at least two guestions related to research paper altached on the following email:
dhr-mru@gov.in latest by 24 06.2025. These guestions will be discussed with the speaker during
masterclass.

Yours faithfully

{Dharkat R. Luikang)
Deputy Secretary

Copy to: The Nodai Officer of Multi-Disciplinary Research Units (MRUs)
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Nutritional supplementation to prevent tuberculosis
incidence in household contacts of patients with pulmonary
tuberculosis in India (RATIONS): a field-based, open-label,
cluster-randomised, controlled trial

Anurag Bhargava, Madhavi Bhargava, Ajay Meher, Andrea Benedetti, Banurekha Velayutham, G Sai Teja, Basifea Watson, Ganesh Bavik,
Rajeev Ranjan Pathak, Ranjit Prasad, Rakesh Dayal, Adarsh Kibballi Madhukeshwar, Vineet Chadha, Madhukar Pui, Rajendra Joshi, Dick Menzies,
Soumya Swaminathan

Summary

Background In India, tuberculosis and undernutrition are syndemics with a high burden of tuberculosis coexisting
with a high burden of undernutrition in patients and in the population. The aim of this study was to determine the
effect of nutritional supplementation on tuberculosis incidence in household contacts of adults with microbiologically
confirmed pulmonary tuberculosis.

Methods In this field-based, open-label, cluster-randomised controlled trial, we enrolled household contacts of
2800 palients with micrebiologically confirmed pulmonary tuberculosis across 28 tuberculesis units of the National
Tuberculosis Elimination Programme in four districts of Jharkhand, India. The tuberculosis units were randomly
allocated 1:1 by block randomisation to the control group or the intervention group, by a statistician using computer-
generated random numbers. Although micrebiologically confirmed pulmonary tuberculosis patients in both groups
received food rations (1200 keal, 52 grams of prolein per day with micronutrients) for 6 months, only household
contacts in the intervention group received monthly food rations and micronutrients (75¢ kcal, 23 grams of protein
per day with micronutrients). Afier screening all household contacts for co-prevalent tuberculosis at baseline, all
participants were followed up actively until July 31, 2022, for the primary outcome of incident tuberculosis (all forms).
The ascertainment of the outcome was by independent medical staff in health services. We used Cox proportional
hazards model and Poisson regression via the generalised estimating equation approach to estimate unadjusted
hazard ratios, adjusted hazard raties (aHRs), and incidence rate ratios {IRRs). This study is registered with CTRI-
india, CTRI/2019/08/020490.

Findings Between Aug 16, 2019, and Jau 31, 2021, there were 10345 household contacts, of whom 5328 {94.8%) of
5621 household contacts in the intervention group and 4283 (90-7%) of 4724 household contacts in the control
group completed the primary oulcome assessment. Almost two-thirds of the population belonged to Indigenous
communities {eg, Santhals, Ho, Munda, Oraon, and Bhumij) and 34% (3543 of 10345) had undernutrition. We
detected 31 (0-3%) of 10345 household contact patients with co-prevalent tuberculosis disease in both groups at
baseline and 218 (2-1%) people were diagnosed with incident tuberculosis (all forms) over 21 869 person-years of
foltow-up, with 122 of 218 incident cases in the control group {2-6% {122 of 4712 contacts at risk], 95% C1 2:2-3-1;
incidence rate 1-27 per 100 person-years) and 96 incident cases in the intervention group (1-7% [96 of 5602],
1.4-2.1; 0-78 per 100 person-years), of whom 152 (69-7%) of 218 were patients with microbiclogically confirmed
pulmonary tuberculosis. Tuberculosis incidence (all forms) in the intervention group had an adjusted IRR of
0.61 (95% CI 0-43-0.85; aHR 0.59 [0-42-8-83]), with an even greater decline in incidence of microbiologically
confirmed pulmonary tuberculosis (052 [0-35-0-79]; 0-51 [0-34-0-78]). This translates into a relative reduction of
tuberculosis inddence of 39% (all forms) to 43% (microbiologically confirmed pulmonary tuberculosis) in the
intervention group. An estimated 30 households (111 household contacts) would need to be provided nutritional
supplementation to prevent one incident tuberculosis.

interpretation To our knowledge, this is the first randomised irial looking at the effect of nutritional support on
tuberculosis incidence in household coutacts, whereby the nutritional intervention was associated with substantial
(39-489%) reduction in tubercuiosis incidence in the household during 2 years of follow-up. This biosocial intervention
can accelerate reduction in tuberculosis incidence in countries or communities with a tuberculosis and undernuirition
syndemic.

fFunding Indian Council of Medical Research—India TB Research Consortium.

Copyright © 2023 Elsevier Ltd. All rights reserved.
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Research in context

Evidence before this study

We seatched PubMed and the Cochrane Central Register of
Controlled Trials database on Feb 15, 2023, using the terms
“underputrition”, "malnutrition”, “macranutrient OR
micranutrient OR supplementation®”, and “tuberculasis”

and “tubercylosis incidence”. We searched forobservational
studies and dinical trials published between Jan 1,1850,

and Aug 1, 2019, in English only, and identified 14 relevant
publications. We also reviewed WHO's global tubereulosis
reports since 1997 and used snowballing and hand-searching
to retrieve relevant studies. Evidence from a systematic review
of six cohort studies suggested undernutrition (as reflected in
a BMI) as a consistent risk factor with a strang, inverse, and
exponential relationship with tuberculosis incidence and the
potential for substantial reduction of tuberculosis indidence
per urit change in BMI. Cohort studies from Indiahave shown
that food insecurity and undernutrition are prevalentin
household contacts and are strong risk factors forprogression
of latent tubercul asis infection to active tuberculosis disease.
Estimation of population-attributable-fractions for risk
factors of tuberculosis suggested that globally, undernutrition
was the leading risk factor for tuberculosis incidence. We
found a negative randomised controlled trial of
micronutrients for tuberculosis prevention {vitamin D
supplementation in vitamin D deficient children), butao
studics on the effect of macronutrients (orcombined
macronutrient andmicronutrient supplementation}on
tuberculosis incidence in any population group. The existing
evidence supporting efficacy of nutritional interventions for
reducing tuberculosis incidence is indirect. At the Papworth
village settlement in the UK between 1918 and 1943, amaong
315 contacts in 135 families with tuberculosis, improved living
conditions {eg, adequate nutrition) resulted in a six-fold
reduction in tuberculosis incidence. This reduction in
tuberculosis incidence occurred in an era without accessto
tuberculosis drugs or use of the BCG vaccine (fe, pre-
chemotherapy and pre-BCG era). Modelling studies based on
data from India and other countries with low Hiv.prevalence
suggested that nutritional interventionsunder different
scenarios could reduce tuberculosis incidence by 33-71% aver
alang-term period.

Introduction
Tuberculosis is a leading cause of morbidity and
mortality, especially in low-incorne and middle-income
countries. The progress achieved in the decline of
tuberculosis incidence has faced a setback due to the
COVID-19 pandemic. In India. tuberculosis incidence
was estimated to be 3 million new cases in 2021 with
494000 deaths, representing 27% of global tuberculosis
incidence and 35% of tuberculosis deaths.

The WHO End Tuberculesis strategy’ recommends
combining biomedical interventions with policies on
social protection and action on social determinants,

Added value of this study

This cluster-randomised controlled trial of nutritional
supplementation with macronutrients (food rations) and
micronutrients is, to our knowledge, the firsttrial of its-kind
that was implemented in real-word settings within the
National Tuberculosis Elimination Programme. The prevalence
of undernutrition was high in the child and adult household
contacts of the patients, reaffirming the need for such an
intervention. In the setting of high prevalence of
undernutrition in the commiunity, this randomised controllad
trial shows the efficacy.of nutritional supplementation.in
reducing the incidence rate of tubercufosis by 39% (forall forms
of tuberculosis), and a 48% reduction in incidence rate of
microbiotogically canfirmed pulmeonary tuberculosis in
household contacts inrthe intervention group compared with
the control group.

Implications of allthe available evidence

We showed the efficacy of macronutriept and micronutrient
supplementation far & months in reducing confirmed
tuberculosis incidence substantially in a group at high risk for
tuberculosis because of dose contactwith an infectious person
and high prevalence of undernutrition. This evidence has
implications for palicy and practice related to tuberculosis
prevention in this current era in which food insecurity ison the
increase and the dedine of tuberculosis is not in line with
WHO's End Tuberculosis targets. Undernutritioni ishoth a
biological risk factor and a social determinant and addressing it
can be a grucial host-directed tubercylosis-sensitive
intervention that cari acéelerate dedlinein tuberculosis
incidence as well as advance the achievement of Sustainable
Development Goals 3.and 2. National programmes should
implement a poticy of nutritional assessment of household
contacts to ascertain the prevalence of undernutrition.
Nutritional supplernentation in communities with a double
burdenof tuberculosis and undernutrition should be cansidered
as a mass prophylaxis, and also to inerease effectivengss of
biomedical intervedtions to reduce tuberculosis incidence.
These results were obtained in a setting of low HIV prevalence;
thus they might not be generalisable ta a tuberculosis epidemic
in a high HIV prevalerice region.

such as poverty. Underdnutrition is a biological factor
closely associated with poverty and is a risk factor for
tuberculosis incidence’ and tuberculosis mortality.
In India, tuberculosis and undernutrition are
syndemics® with a high burden of tuberculosis
coexisting with a high burden of undernutrition in
patients® and in the population’ The National
Tuberculosis Elimination Programme has started to
address undernutrition in patients via direct benefit
transfer since April, 2018.°

Undernutrition is  the leading risk factor for
tuberculosis, with an ¢stimated annual incidence of
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19% (2-2 million) globally, and 34% (102 million) in
india being attributable to undernutrition.’ A number of
cohort studies have consistently shown an inverse
exponential relationship between BMI and tuberculosis
incidence.’ Studies have also shown micronutrient
deficiencies as risk factors for tuberculosis incidence.*"
However, vitamin D supplementation did not reduce
tuberculosis incidence in a large randomised controlled
trial * To our knowledge, there has been no randomiscd
controlied trial to assess the effect of addressing
macronutrient and micronutrient undernutrition on
tuberculosis tncidence in any population group.®*
Reducing Activation of Tuberculosis by Improvement of
Nutritional Status (RATIONS) is a clusterrandomised
controlled trial and its aim was to assess the effect of
nutrition supplementation {macro and micronutrients)
on tuberculosis incidence in household contacts of
patients with microbiologically confirmed pulmonary
tuberculosis in Tharkhand, located in eastern India.” We
chose cluster randomisation to allow uniform
intervention in a cluster as differential nutritional
supplementation in households in the same cluster
would have been operationally challenging.

Methods

Study design

This is a parallel-arm, field-based, open-label, cluster-
randomived,  superiority  trial  of  nutritional
supplementation in houseliold contacts of patients with
microbiologically confirmed pulmonary tuberculosis
the index tuberculosis patient), implemented within the
National Tuberculosis Elimination Programme in four
districts of the eastern Indian state of Jharkhand. The
cluster was a tuberculosis unit, which is a sub-district
programme  nanagement unit of the National
Tuberculosis  Elimmation Programme that serves a
population corresponding largely to an administrative
block of the district.

The setfing has been described elsewhere” and in the
appendix {p 2). Jharkhand has a population of 33 million,
has low levels of urbanisation (75% of the population live
in tural areas), and a high proportion of indigenous
communities: 28% compared with 8% national
average. [harkhand has the second highest levels of
multidimensional poverty in the country “[harkhand as a
trial site was seJected due to a high burden of tuberculosis
(52179 cases notified in 2021, and an annual case
notification of 130 of 100000).% In a representative
demographic and health survey, Jharkhand had a high
population burden of undernutrition with 26-2% in
adult women and 39-4% in children as underweight,
compared with the national average of 18.7% of adult
womnen and 32-1% of children/’

The four districts were chosen based on the annual
case finding and logistic feasibility of organising the
centralised  procurement, and distribution  of the
intervention. The districts varied in size with

West Singhbhum being the largest (7600 sq.km) and
Seraikela being the smallest (2600 sq.km). Overall, each
block had one tuberculosis unit. The distance of
households to the tuberculosis unit could have varied
according to the block involved, but as the blocks or
tuberculosis unit were randomly assigned to the two
groups as described in the methods of this trial, the bias
was minimised. The unit of randomisation was the
tuberculosis unit. A tuberculosis unit with annual case
finding of at least 100 patients with micrebiologically
confirmed pulmonary tuberculosis was considered
eligible (appendix p 4).

Written informed consent was obtained for all index
tuberculosis patients and houschold contacts. Ethics
clearance was obtained from the Institutional Ethics
Committee of Indian Council of Medical Research—
National Institute for Research (ICMR-NIRT number
2018020; grant number 5/8/5/57/TB consortium/Call
india Project/2017/ECD-1), with petiodic reviews. The
cthics committee of Ekjut, a local voluntary organisation
involved in community-based research in health,® was
responsible for the local oversight of serious adverse
events, such as deaths in index tuberculosis patients and
household contacts that were further communicated to
the Institutional Ethics Committee of Indian Council of
Medical Research—National Institute for Research. The
interveniion in this study was food and micronutrients.
A data safety and management board was constituted for
this trial, and the serious adverse events were not related
to the intervention as assessed by the local and NIRT
ethics committee. Further, the ethics committee did not
advise autopsies.

Participants

Within each cluster, any adult (aged =13 years) diagnosed
with microbiologically confirmed pulmonary tuberculosis
in the National Tuberculosis Elimination Programme,
and having at least one eligible household contact, was
enralled in the trial (the index tuberculosis patient
appendix p 8). Their household contacts were assessed
for the primary outcome. The eligibility criteria for the
household contacts included living in the same house,
eating from the same kitchen for one or more nights, or
for ftequent or extended periods during the day in the
preceding 3 months, and not currently on treatment for
tuberculosis. Sex data were collected through self-
reporting whereby there were three options: male, female,
and other.

Randomisation and masking

A total of 28 tuberculosis units, each with sizes varying
between 80 and 120 households with a patient diagnosed
with microbiologically confirmed pulmonary tuberculosis,
were randomly allocated (1:1) by block randomisation.
Random assigninent of the tuberculosis unit or dusters o
the intervention or control group wag dove by a statistician
unfamiliar with the trial region based at the National
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Institute for Research in Tuberculosis, Chennai, using
computer-generated random numbers using Microsoft
Excel (version 16.0, 2016). The participants in each
tuberculosis unit or cluster were enrelled by the field staff’
after they were diagnosed with microbiologically confirmed
tuberculosis in the unit. The allocation of tuberculosis
units to the groups was kept concealed from the principal
and co-principal investigators uniil training of the field
staff and their posting was completed.

Procedures

All participants were counselied at enrolment and each
follow-up visit regarding a balanced diet using locally
available foods, and in the case of the index tuberculosis
patients, regarding treatment adherence and cough
hygiene in line with national guidelines” Index
mberculosis patients in both groups received a monthly
food basket that provided 1200 keal and 52 grams of
protein per day, and pills supplying one recommended
dietary allowance of micronutrients daily (appendix p 8).
The approximate cost was US$13 per month inclusive of
delivery charges (2019 prices; appendix p 7). Index
tuberculosis patients in both groups received food baskets
for ethical reasons as previous studies in India have
shown  high  prevalence  and  severity  of
undernutrition**The household contacts in the
intervention group received a food basket providing
750 kcal and 23 grams of protein per day per person, and
one recommended dietary allowance of micronutrients
pills; those younger than 10 years received 50% of
this, and a syrup preparation for the micronutrients
(appendix p 8). The cost per adult contact was $4.75 per
month (2019 prices). The  Dbasket  was
provided to the participants for the duration of
treatment—6 months for drug susceptible tuberculosis
and 12 months for multidrug-resistant tuberculosis. The
intervention was extended if the patient had a BMI of
lower than 18-5 kg/m?2 or any household contact in the
intervention group fulfilled the following: an adult
household contact with a BMI of lower than 16 kg/m?2;
children (aged <10 years) with a weight-forage Z-score of
fower than —2SD and adolescents (aged 10-18 years) with
BMI-for-age Z-scores of lower than -2SD. This extension
was for a period of 12 months or until improvements
above these cutoffs, whichever was shorter.

In both groups, public services to which the households
were entitled were continued. These services included
subsidised food rations (which consisted of only rice in
Jharkhand) in the public distdbution system,
supplementary feeding programmes (mid-day meals.in
schools and integrated child development services
scheme for the pre-schoolers) with no education on
nutrition, and the direct benefit transfer under the
NIKSHAY Poshan Yojana scheme, in which patients
with tuberculosis get X500 per month (US$6 per month).*
Tuberculosis prevention treatment for eligible household
contacts was initiated by the staff at the National

Tuberculosis Elimination Programme after evaluation as
per their existing guidelines, and included mainly
children aged 5 years and younger. The National
Tuberculosis  FElimination Programme guidelines
extending eligibility to household contacts after 5 years
or more were issued in July, 2021, after enrolment of
household contacts was completed.

We selected an International  Standardization
Organization 22000: 2018 (a food safety management
system) certified vendor in Ranchi, Shri Ambaji Food
Products Pyt who was a supplier to major retail chains and
followed quality norms as per the Food Safety and
Standards Authority of India in procurement, storage,
packaging, and labelling. We also created sub-depots in all
districts where the centrally procured rations were stored
for further distribution. Households, especially rural,
opted largely for home delivery of the rations, whereas
some in urban areas picked them up from the sub-depots
at their convenience. We had several processes in place to
ensure regular delivery of the rations, such as maintenance
of stock registers at the sub-depots, sharing of geolocations
with project consultants during the distribution visit,
and signing of receipts by the recipient. The ascertaimment
of delivery of the food rations was further strengthened
through random telephone calls and supervisory visits. At
each visit, consumption of food was emphasised through
counselling, and empty milk powder packets were
checked. Weight gain was considered a surrogate indicator
of consumptiont.

The trial overlapped with the COVID-19 pandemic
(appendix p 6} and due to the Jockdown and related
disruptions, enrolment that started on Aug 16, 2019 was
extended until jan 31, 2021, instead of Aug 16, 2020. The
protocol was amended from a common follow-up
period of 2 years to a common cdosing period of
May 1-July 31, 2022 (appendix p 2); thus, those who had
completed 24 months of follow-up continued to be
followed quarterly whereas those enrolledin January, 2021,
completed at least 18 months of follow-up. This change
meant that the planned follow-up of 2 years was possible
in only 80% of houschold contacts recruited until
August, 2020. The average cluster size and the intraclass
correlation coefficient at the level of cluster and
households that we observed in our trial was lower than
was assumed, and this resulted in a lower design effect.
The study therefore had adequate power despite the
truncation of follow-up in a proportion of households
{appendix p 10).

Follow-up was defined as time from date of enrolment
in the trial until decumented tuberculosis disease or
censoring (death, joss to follow-up, or end of the study).

Outcomes

The development of incident tuberculosis (all forms,
microbiologically confirmed or clinically diagnosed) in
the houschold contacts during the planned follow-up
peziod of 2 years was the primary outcome. We defined a
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household contact to have incident tuberculosis if the — diagnostics/Bigtec labs, Goa/Bengaluru, India}) depending
person was diagnosed with active tuberculosis  on the availability. X-rays were done in hougehold contacts,
(microblologically confirmed or clinically diagnosed) especially in children. Wherever an x-ray was not available
more than 2 months following the initial negative or easily accessible, it was done in private centres with
screening and eveluation at enrolment. We defined a  costs borne by the trial. In contacts diagnosed with incident
household contact to have co-prevalent tuberculosis (all  tuberculosis, the anti-tuberculosis treatment was initiated
forms) if the person was on tuberculosis reatment. or  in the National Tuberculosis Elimination Programme,
was symptomatic at baseline or developed symptoms and while in contacts with persistence or recurrence of
was diagnosed for tuberculosis on further evaluation —symptoms suggesting active tuberculosis despite an initial
within 2 months of enrolment. The ascertainment of the  negative evatuation, a repeat evaluation was advised and
primary ouicomes was done by independent medical staff facilitated. The contact evaluation was facilitated by
in the government health institutions (primary health covering the transport cosls of the participants and ensured
centres, community health centres, district hospitzls, and by the review processes in the trial.

medical colleges). The diagnosis of pulmonary or All atternpts, including telephone contact, were made to
extrapulmonary tuberculosis was made as per National —ensure follow-up, which included asking the other family
Tuberculosis Elimination Programme guidelines”™ In

some cases, especially for smear negative pulmonary
tuberculosis, children, and extrapulmonary tuberculosis, Eowslitr:(cr:s(Ranzha,w:isEtsingbm;:,
s . ; -1- - . S araikela Kharsawan, and East Singbhum
facilities with availability of specialists or appropriate ' ghum}
diagnostic services such as district hospitals or medical 1
COHEgES were used. rZS tuberculasis units* randomised to two groups
Undernutrition can increase the frequency and severity l
of other infections,” and these secondary outcomes ‘L 1
aimed at examining the effect of nutritional support on
non-tuberculosis acute infections during the intervention 14 tuberculosis units assigned to the 14 wherculosis units assigned o the
. . . . f g control group: intervention group:
period. Information on any non- tuberculosis morbidities, Foad support to index <ases for Food suppert to indax cases for
> P
such as malaria (based on laboratory diagnosis), duration of Luberculosis Lreatment duration of tuberculosis treatment,
. el . : . Standard <are as per NTEP to Food basket to each household
dxarrh.oea, lower resplr_ato_ry %nfectlom (self-reported), houscheld contacts, counsciling for contact
and fever related hospitalisations (based on available putrition, infection prevertion, and Standard evahuation as per NTEP 10
I'ECOIdS) were recorded on fOHOW”'Llp. Death with acute screening household contacts, coumselling for
i ) X . nutrition, infection prevention, and
fever (<15 days duration) during the 6-month period of streening
intervention was recorded. In the case of deaths, the field J' &
staff recorded the cause of death if medically certified.
i > : o o
When it was not medically certified, they recorded the 1582 assessed for cligitility l {1559 assessed for eligibilicy J
information on the symptoms and circumstances
preceding the dea‘lth and this was reviewed by the pro!ect 20 did not et the <5 dicmot meet the
consultant to arrive at a possible cause. The medical inclusion criteria inclusian criteria
certification of cause of death was only available for those > };2’ ffj‘i‘;:d I 92 e ot
. . . e . . c] L 4¢c] i’ i
who had died in a medical facility, which was the case in study are studyarea
a minority of deaths and, in these cases, the field staff
‘ A k.
had s to the certificate.
a aFC€S th . tl. av . . . . 1400 index cases and 1400 index cases and
Socio-demographic information including ownership of 4724 household contacts 5621 household contacts
household assets (appendix p 7), tobacco and alcohol use,
BCC scar, tuberculosis prevenlion treatment, and
anthropometry were recorded at baseline. At each 7 i‘v‘i’::;::id rentacts 42 xﬁ;sz‘iﬂmmms
follow-up visit, monthly for the first year and every 17 co-prevalent cases 15 co-prevalent cases of
3 months thereafter, the houschold contacts underwent N of tuberculosisin | tuberculosisin
h , d . f tiv heusehold contacts household tontacts
anthropometry an symplom screening for ac .\e 3491055 o follow-up 167 loss-of-follow-un
tuberculosis. On identifying a household contact with 53 deaths in household 65 deaths in househald
presumptive tuberculosis, the field staff advised household contacts contacts
contacts for an evaluation at the nhearest governmment Y v
health facility, and EEil’lfOi’CEd this advice on follow-up in 4283 household contacts analysed for the 5328 household contacts analysed for the
case the contact had not accessed the health facility. This primary outcome and primary outcome and
. . .. . 4685 household contacts were 5560 household contacts were
evaluation consisted of a clinical evaluation, a sputum followed up followed up
examination by smear microscopy, or a cartridge based

nudeic‘ acid amplification test ({including GeneXpert ... rial profile
[Cep}\@d, Stmnyva]e, CA, USA] and TrueNat [MO]blO NTEP=National Tuberculosis Elimination Pogramme. *Clusters are the tuberculosis units,
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members, neighbours, and the community health worker.
If a participant was not available for 2 or more months in
the intervention period or for at least 6 consecutive
months in the follow-up period, they were considered
lost-to-follow-up. Often patients or individual household
contacts satisfied this definition of lostto-follow-up but
other family members were available for information o
their health status. At the end of the study period, we
approached all those who were lost-to-follow-up or who
had withdrawn frorn the study to ascertain any history of
diagnosis or treatrment for tuberculosis.

The cutcomes in the cohort of index patients with
tuberculosis who received monthly food bagkets during

Controlgroup  Intervention Total
(n=4724) growp (05621} (N20345)
Contacts ;icr index casc {1400 index patients in 34 40 37
each arm)
Age group
25 years {0-60 months} 534 (113%) 625(11-1%) 1159 (11-2%)
6-17 years (61-215 months) 1448 (307%) 1665 (29-6%) 3113 (30-1%)
18~59 years (216-719 months) 2513 (53-2%) 3001(53-4%)  5514(53-3%)
=60 years (=720 months) 229 (4-8%) 330(59%) 559 (5-4%)
Sex
Male 2121 (44-9%) 2583 (46:0%)  4704(455%)
Female 2603 (551%) 3038 (54.0%) 5641 (54-5%)
Marital status
Single 2628 (55-6%) 3102 (55-29%) 5730 (55-4%)
Married 1845{39-1%) 2271(40-4%) 4116 (39-8%)
Separated or widowed 251 (53%) 248 (4-4%) 499 (4-8%)
Caste”
Scheduled tribes 3132 (66-3%) 3989 (71.0%) 7121 (68-8%)
Scheduled castes 354 (7.5%) 451(8:0%) 805 (7-8%)
Other backward dasscs 872 (18.5%) 945 (16-9%)  1821(17:6%)
Other 366 (7-7%) 232 (4-1%) 598(5-8%;}
Occupation
Unemployed 237(5:0%) 188 (33%) 425 (4:1%)
MGNREGS, kabour, sell forest products, and 1005 {21-3%) 1307 (23-3%) 2312 (22-3%)
rickshaw driver
Sefl milk, vegetables, livestock, and small-scale 48 (1.0%) 75 (13%) 123 {1-2%)
trade
Making or selling uf baskets, and making or 15 (0-3%) 19(0-3%) 34(G3%)
seffing alcohol or tobacco
Pensions, employment in mines, of contract jobs 215 {4-6%) 132 (2-3%) 347 (3-4%)
Medium and farge-scale trade, and income B (0-2%) 23{04%) 31(03%)
from land
Stydent 1627 (34-4%) 2005{357%) 3632 (35-1%)
Home maker 963 {20-4%) 1242 (22:1%) 2205{213%)
Not applivable= 606(12.8%) 630 (11-2%) 1236 (119%)
Public distribution system$
Yes 3968 (84-0%) 4826 (85B%) 8793 (85.0%)
Tebacco
Yeu 347 (7:3%) 552 (9-8%) 899 (8.74)
Aleohol
Yes 207 (15:U%;} 746(133%) 1453 (14-0%)

(Table 1 contimses on next page)

their treatment period with regard to tuberculosis
incidence, treatment success, Joss to follow-up, treatment
failure, and weight gain have been reported separately.”

Statistical analysis

When this study was proposed, the estimated incidence
rate of pulmonary tuberculosis in the general population
in India was ©0.22% (217 of 100000 people). The
incidence rate ratio (IRR) of tuberculosis in houschold
contacts comnpared with the general population was
reported as 15-9 (IQR 2-6-21-4) in a systematic review,
translating to 4% incidence in the household contacts
In view of the higher prevatence of undernutrition in
India, and evidence of higher tuberculosis incidence in
household contacts,” an incidence of 5% during 2 years
was assumed. As a historical precedent, improved living
conditions with an emphasis on adequate nutrition led
to more than 80% decline in tuberculosis incidence in
the household contacts at the Papworth village
settlement® and an intervention effect of 50% reduction
in tuberculosis incidence in the household contacts was
assumed for the trial.

Our sample size considered design effect at three
levels: the tuberculosis unit level, the families of index
cases, and finally their household contacts, and was
based on a method suggested for a three-level cluster-
randomised trial. ¥ We assumed an estimated 100 index
patients with microbielogically confirmed pulmonary
wberculosis (80-120 patients) and their families in a
cluster, with an intraclass correlation coefficient of 0. 01.%
Family-level clusters were assumed to have an average
size of five people based on data on Jharkhand from 2011
census data and an intraclass correlation coefficient of
0-7 for the outcome.” Thus, with 3 design effect of 6-75,
a sample size of 28 clusters with 2800 index tuberculosis
patients, and 11200 household contacts was estimated to
have 80% power to detect 50% reduction of tuberculosis
incidence in the intervention group with a
type 1 error of 5%. :

Field staff collected data on a handheld device using
the Research Electronic Data Capture hosted at the
ICMR-NIRT, The database underwent periodic quality
check to improve accuracy and reduce missing data. A
data safety monitoring board conducted periodic review
and interim analysis, which was done on May 24, 2022,
when we crossed the pre-specified threshold of 50% of
expected number of 188 incident tuberculosis cases in
household contacts.

The primary comparison of interest was tuberculosis
incidence of all forms among the household contacts,
and expressed as events per 100 person-years of follow-
up in the two groups. The cutcomes were assessed at the
individual level. Kaplan-Meier survival plots were
constructed to display the crude effect of the intervention.
The primary analysis used a Cox proportional hazards
model to account for varying foliow-up times, using
robust standard errors to account for clustering under an
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intention-to-treat paradigm including those who had
been lost to follow-up and had withdrawn from the trial.
We reparted unadjusted hazard ratios (HRs) and adjusted
hazard ratics (aHRs) along with their 95% Cls. To
facilitate interpretation, given that HRs are often
misinterpreted, we estimated IRR via Poisson regression
using a generalised estimating equations approach to
account for clustering, with specified independent
stiucture, and used standard errors robust to
misspecification of the correfation structure. In the
sensitivity analysis we also adjusted for tuberculosis risk
factors identified at baseline including age, sex, caste,
tobacco and alcohol use, presence of BCG scar,
undemutrition status, and asset score. Undernutrition in
ail household contacts at baseline was operationally
defined for the different age groups as follows: for
children yotnger than 5 vears (0-60 months), and being
underweight was defined as weight-for-age Z-scores less
than -2 SD using the WHO child growth standards;” for
those aged between G years and 17 years (61-215 months),
underweight was defined as BMI-for-age and sex Z-score
less than 250 using WHO growth reference data”
whereas for adults it was defined as BMI of lower
than 185 kg/m2.

The assumptions of linearity in the regression models
were verified and the proportionality assumption in the
Cox proporticnality hazards model was checked via
Schoenfeld residuals.

In a post-hoc sensitivity analysis, we restricted cases to
those with microbiologically confirmed pulmonary
tuberculosis and excluded ail participants with clinically
diagnosed tuberculosis and extrapulmeonary tuberculosis.

The secondary outcomes of change in weight in
household contacts were compared using a generalised
estimyting  equations  approach, accounting for
clustering. The secondary outcomes of frequency of non-
tuberculosis morbidities and deaths due to infections
in the household contacts were compared using the
¥2 test. The analyses were done in Stata {version 170) and
R (version 4.1.2). This study is registered with CTRI-
India, CTRI/20619/08/020490.

Role of funding source

The funder of the study had no role in study design, data
collection. data analysis, data interpretation, writing of
the report, and decision to submit for publication.

Results

The wial began on May 14, 2019, afier a 3-month
preparatory phase. Recruitment began on Aug 16, 2019
and was compteted by Jan 31, 2021, and the trial ended on
Aug 13, 2022, We had assumed an estimated
11200 household contacts (5600 in each group), based on
2011 census data, which was the most recent census
completed of [harkhand indicating an average househiold
size of five people (four contacts and one index case).
However, the control group had 4724 household contacts

Table 1: Baseline characteristics of household contacts in the two groups

Contral group  Intervention Total
(n=4724) group (n=5621) (N-10345)
{Continued from previous page)
Presence of BCG scar
<18 years 1253/1983 1731/2291 2984/4374
(632%) {75-6%) {69.8%}
=18 years 1304/2741 1695/3330 2999/6071
(47-6%) (50-9%) {49-4%)
Tuberculosis preventive treatment in children aged <6 yearst )
Initiated or efigible 70/535 116/626 186/1161 -
. {131%) (185%) (18-0%)
Asset cost
Cost of 23 household assets in Indian Rupees 15 000 16500

(8000-64750)  {11750-73590)

Data are 11 (%) or median (QR). MGNREGS=Mahatma Gandhi National Rural Employment Guarantee Schieme.

“These terms are used by the fndian Constitution and are offictally.designated groups of pesple who are the most
disadvantaged inthat order. Hin rural areas, peopte have muitiple accupations, and these aretheir primary
engagements as reported to the field staff. The pecupatic nswere grouped based on the income that s ysually
generated andin consultation witha non-governmental organisation that has worked inthe region for a long time.
iChildren aged Syears and younger and people older than 60years who dedared being unemployed. SDistributes dry
fa0d rations at subsidised cost ta familiestiving below the paverty tine. fTuberculosis preventive treatment eligibility
during the tiiabwas in househotd contacts aged up ta 5 years; hawever, curent eligibilicy hashieen expanded o
household cantacts aged older than Gyears.

Control Intervention  Total '
group group (N=10345)
(n=4724)  {n=5621)
Incident tubercuinsis cases o 122(2-6%) 96 {1.7%) 218 (21%) .
Sex
Male 72 (59%) 50 (52:1%) 122{56:0%)
Female 50 (41%) 46 (47-9%) 96 (44-0%)
Age group
55 years 3{2:5%) 8 (8-3%) 11 {50%}
6-17 years 16 {13-1) 14 (14-6%) 30 (13.8%)
Adults (218 years) 103 (84-4) 74{77-1%) 177 {81-2%)
Types of incident cases
Microbiologically canfirmed” 91 {74-6%) 62{64.6%)  153(70-2%)
Clinically diagnosed pulmonary tuberculosis in adults 21 (17-2%) 17 (17°7%) 38 {17-4%)
Clinically diagnosed extrapulmonary tuberculesis (all 3(2:5%) 2 (3-1%) 6 (2:8%)
age groups)
Clinically diagnased pulmonary tuberculosisin children 7(57%) 14 (14-6%) 21 (5-6%)
{0-17 years}
Co-prevalert tubercglosis cases 12{03%) 19 (0-3%) 31 (0-3%)
Deathst 53(11%) 65 {1-2%) 118 (1-1%)
Lost v follow-up . 34917-4%} 167 (3:0%) 516 {5.0%)
Withdrawat 27 (0-5%) 42(07%) 69 (6-7%)
Contacts censared at end of study 4161 {88.1%) 5232(931%) 9393(90-8%)

[ata are n (%) "Microbiakngicat canfirmation was done with:sputum smear microscopy in 56 (61-5%).0f 91 patients in
the contialgéoup and 35 (56:5%) of 62 patients I the intervention group, and 1his proportion was not statistically
significant; Molecular diagnostics were confirmed in 35 patients in the ¢ontrel group {25 patients by GeneXpert and
ten paticrits by TrueNat) and 27 patients in the intervention group (25 positive patients by GeneXpert and two
positive patients by TrueNat). 1The total number of deaths was 127 indusive of hine deaths in household contacts
with Indident tuberculosis that occurred during their follow-up.

Table 2: Outcomes in household contacts
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(3-4 per index case), nearly 900 less than the 5621 in the
intervention group (4-1 per index patient; figure 1). The
nuwmber of househald contacts per index patient in the
intervention group was as predicted from the census
data.

Nearly three-fifths (6073 [58-7%] of 10345) of the
patients were adults and there was a higher proportion
of women (5641 [54-5%)] of 10 345) compared with men.
Most individuals were involved in manual wotk or
small trades (table 1); 57-8% (5983 of 10345) had
evidence of BCG vaccination, and 16-0% (186 of 1161)
received tuberculosis prevention treatment (table 1).
The overall prevalence of low BMI (BMI «18-5 kg/m?)
in adults was 36-8% (2232 of 6073) and was higher in
the intervention group (38-3% [1275 of 3331] ws
34.9% [957 of 2742]: p=0-0670) than the control group,
and in women than in men (40-6% [1451 of 3575] vs
31.39% [781 of 2498 p<0-0005). The prevalence of
undernuirition in all household contacts (all age
oroups) measured by the composite indicator of a low
BMI in adults, weight-for-age Z-scores of less than
~25D in children younger than 5 years, and BMI-for-
age Z-scores of less than ~2SD for ages 6-17 years, was
3429 (3543 of 10 345). The prevalence of people who are
overweight or with obesity in adults was
7.7% (465 of 6038). At enrclment, the intervention
group had a higher prevalence of undernutrition in
adult women and in both sexes in the 6-17 years age
group compared with the control group. Weights were
available in 4717 (99-9%) of 4724 contacts in the control
group, and 5603 {99-7%) 5621 in the intervention group
with no missing values in children from 0 months to 60
months. Heights were available in 4256 (90-1%) of 4724
contacts in the control group, and in 5074 (90-3%) of
5621 conlacts in the intervention group. 907 (89 4%) of
1015 missing values of heights were in children of 0-60
months of age.

006 — Control group
» W — Intervention group
3
g
=
.\ = U044
| g HR 0-60 {95% Cl 0-44-0.87)
| 3
< o2
2
% i
S M‘*“*‘W
4 et 5 T T T T
0 180 360 540 720 900
Numberat risk Time since enrolment (days)
{number censared)
Controlgrup 4631(0) 4445 (174)  4309(283) 4125(437) 3352(1387)  1426(3100)
Intervention group 5542 (0) SA50(88)  534L(167) 5199 (296} 4076(1400)  2405(3058)

Figure 2: Kaplan-Meier plot for cumulative incidence of tubercutosis disease in household contacts stratified
by trial group over the follow-up period

The tirne shown is the time from the enroiment of contacts in the lrial, and shaded lines represent 95% Cls.

The planned fallow-up of 24 months was extended for some patients due to the COVID-19 pandamic.

Table 2 describes the outcomes in 1345 household
contacts in the trial over a total follow-up period of
21869 person-years. A total of 249 individuals were
diagnosed with active tuberculosis in the household
contacts, of whom 31 (12-4%) of 249 individuals had co-
prevalent tuberculosis, of whom 19 were in the
intervention group and 12 were in the control group
(table 2), and 218 (87-6%) individuals had incident
tuberculosis, Of the 218 incident cases, 122 of 4712 (2- 6%,
95% CI 2.2-3-1) contacts at risk were in the control
group and 96 of 5603 (1.7%, 95% Cl 1-4-2-1) contacts
at risk were in the intervention group. More than
81-2% (177 of 218) of the incidence occurred in
adults, and more than two-thirds (70-2% [153 of 218))
were microbiologically confirmed, by sputum smear
microscopy (91 [59-5%] of 153 individuals) and cartridge
based nucleic acid amplification test (62 [40-5%)]; table 2].
The median {IQR) time from enrolment to diagnosis of
incident tuberculosis disease was 1-4 years {0-8-2-0)
and was similar in both groups; 166 (76 -1%) of 218 people
occurred in the first 2 years after enrolment. 52 people
were diagnosed with incident tuberculosis after 2 years
(28 in the control group and 24 in the intervention group;
figure 2). The overall proportion of loss to follow-up was
5% (516 of 10345 individuals; higher in the control
group: 7-3% [349 of 4724 individuals]  vs
3.0% [167 of 5621 individuals]; p<0-0001) and withdrawal
in household contacts was 0-7% (69 of 10 345 individuals).
We could not collect data on participants that were lost fo
follow-up. The 69 participants who withdrew belonged to
13 families and the withdrawal from the study was due to
their migration and relocation in the wake of the
COVID-19 pandemic. There were 127 deaths over the
entire trial period, of which 34 (26-8%) deaths occurred
in the 6-month intervention period, and the number of
deaths was cqual in both groups. Of these 34 deaths.
seven (20-6%) deaths were possibly related to an acute
infectious {llness (not fuberculosis), based on the
symptoms preceding the death reported by the family to
the field staff after the death. Nine (26-5%)} deaths
occurred in those with incident tuberculosis. Most deaths
(110 [86-6%)] of 127 individuals} accurred at home and
were not medically certified. The household contacts
who were lost to follow-up or withdrew were largely due
to relocation considering the COVID-19 pandemic.
9393 (91%) of 10 345 individuals were censored at the end
of the study. 7841 household coniacts completed
24 months of follow-up and 2133 completed 33 months
until the common clogeout period.

The incidence rate in the control group was
1.27 per 100 perscn-years (95% CI 1.00-1-61) and
078 per 100 person-years (0-64-0- 96) in the intervention
group. The unadjusted IRR was 0-62 (95% C1 0-45-0-84)
whereas the unadjusted HR was 0.6 (0-44-0-82).
Adjusting this IRR and HR for alcohel and tobacco use,
age, sex, caste, underweight status, asset score, BCG
status, and family history of tuberculesis in the past did
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Incidence rateper  Incident

Incident Intidence rate per  Incidencerate Hazard ratio®
toherculosisper 100 person-years  tuberculosisin 100 person-years  ratio™ (95%Cl) (45% I}
person-years in the control person-yeats for ~ inthe intervention
follow-upinthe  group {95%Cf) follow-up inthe . gioup (35% (1)
contral group intervention .
| KCinaiiel S B e
| Overall 122/9609 1.7 {1:00-1-6%) 96/12260 07810-64-0:96)  062(0-45-084) = 0-6{0-44-0-82)
I Agegroup
| 0O-5years 311120 027 (0-09-0.81) 8/1386 058 {0-30-1:11) 215 (0-60-777)  2.02{0:54-7-61)
6-17 years 16/3008 0-53 (0-30-0-95) 1443666 038 (021-0-68) 072 (0:32-1.63) 0-70(0-31-1-61)
=18 yeats 103/5481 1.88 (1-49-2-37) 74/7208 1.03 (0-81-1.31) 055(039-077)  0-53(0:38-074)
D osex . ’
Male 72/4275 168 {1-32-2:15) 50/5630 0-89 (0:66-1-19) 053 (0-36-077) 0-81 {0-35-0-76)
Female 50/5334 0.94(0-63-129)  46/6629 0-69 [051-0-95)  0-74{0-47-116)  0-72(0-46-1-12}
Types of tuberculosis
Microbiological 919559 0:95{0-73-1:24) 6212208 0-51(0-38-0-68) 053{0:36-0-79)  0:52(0-35-077)
confirmationt (n=153)
i dinically dizgnosed (n=65) 3179488 033 (0-19-056)  34/12176 028(0-18-044)  086(042-174)  0-82{0-40-1-68)
" Nuytrition status at basetine . ’
‘ Undenweight* 61/3148 154 (148-254)  64/4468 145{103-184)  075(051-112)  0-73(0-49-1:09)
| Normalor above 61/6434 003 (0-66-131) 37760 039(02-0:55)  0:33(047-065)  ©-33(017-0-65)
| Castet
i Scheduled tribes 85/6415 133(0-39-1.78) 72/8773 0-81(0-63-1-07) 062{0-42-0.92)  0-60(0-4-0.91)
| Scheduledcastes 14726 1.93 (1-28-2.89) 5/932 054(026-112) 062{042-0-92)  0.28(%-12-0-65)
I Other backward classes 18/1729 1.04(0-65-1-66)  12/2035 059 (0-33-1.06)  0-57(9-27-12) 055 (0-26-1-16)
Other 5/738 0-68 (0-45-1.02) 74520 135(0-68-2:65)  199(090-439)  212{0:96-4-68)

officially designated groups of people who are the most disadvantaged in that order

*Undeeweight in all ages is a compasite category opcrationally defined as weight-for-age Z-scores fess thar-250 for those aged 5 yeais of younger, Bii-for-age and sex
Z-score of lower than -25D for those aged 6-17 vears, and BMLof lower than 185 kg/m? for individuals aged at least 18 years. IMicrobiclogically confirmed tuberculosis
included ane patient with lymph node tuberculosis who was cartridge based hudleicadd amplificationtest positive. $These terms areused by the Indian Constitution andare

! Tuble 3: Incidence rate, incitlence rate ratios, and hazard fatios amang household contactswho developad tuberculosis {all forms)

not change the results and the adjusted IRR (alRR} was
0-61 (95% Ct 0.43-0-85), whereas the aHR was
0-59 {0-42-0-83). These findings translate into a
39% (95% CI 11-54) relative rate reduction for
tuberculosis incidence in the intervention group (table 3).
Figure 2 shows the Kaplan-Meier curves of cumulative
tuberculosis incidence in the two groups plotted against
time and shows a significant divergence in the two curves
after the first 9 months.

We analysed the overall effect of the intervention on the
incidence of 152 cases of microbiologically confirmed
pulmenary tuberculosis (table 4) in the two groups and in
the subgroups {one of the 153 cases of micrabiologically
confirmed incident tuberculosis had lymph node
tuberculosis). The aIRR of incidence of microbiologically
confirmed pulinonary tuberculosis, adjusted for potential
confounders described earlier for incident tuberculosis
(all forms) was 0-52 (95% CI 0-35-0-79), translating into
4 48% reduction in the rate of microbiologically confirmed
pulmonary tuberculosis i the intervention group. The
cotresponding aHR was 0-51 (95% C1 0-34-0.78).

The overall prevalence of low BMI (<18-5 kg/m?} in
adults declined to 28-9% (1637 of 5667) after the
intervention and was higher in the control group

(30+2% [745 of 2463] vs 27-8% [892 of 3204); p=0-047) than
the intervention group. Thig finding represented an
absolute (relative) decline in prevalence of underweight
adults in nearly 5% (14%) in the control group and nearly
11% (28%) in the intervention group. The household
contacts in the intervention group had a higher absolute
and relative weight gain across age groups and sex, except
the boys aged 5 years and younger. The median percentage
weight gain over baseline ranged from 1-6-1-9% in the
control group to 2-9-3-5% in the intervention group
(p<0-0005) in the adult household contacts (table 5). The
difference in the median weight gain at 6 months was
0-7kg in the adults and 0-4 kg in the 6-17 years age group
(p<0-0005; table 5). The weight gains in the trial were
affected by weight loss n a significant proportion of
contacts (1179 [1206 of 10345]) during the intervention
petiod. Although weight loss occurred in both groups and
in individuals who were underweight, as well as
individuals with normal weight and individuals who were
overweight or individuals with obesity, a higher proportion
of contacts in the control group and of normal or
overweight  contacts  experienced  weight  loss
{appendix p 10). There was a statistically significant
difference between baseline and end of intervention
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Incident - Incidencerateper  Incident ‘Incidence rate Incidence rate Hazard ratio*
tuberculosis per 100 person-yoars  tuberculosisin . per100 person-  ratio” (35%CH) “(95% QY
persoti-years inthecontrol person-years years in the .
followi-isp tnthe group (95%C1) follow-up inthe : -intervention
control group ’ intérvention _ group (95% )
(N=4724} group (N=5621)
Overall 909557 0-94(0-72-1-23) £2/12208 051(0-38-G:68]  0:54(0-37-680) 053 (0-36-0-78)
Age group
0-5 years 11116 0-09{0-:013-0-63) 0/1374 NA NA NA
6-17 years 8/2996 0-27 {0-13-0-55) 8/3656 022 (0-12-0.39) 0-82 (0-33-2.06) 0-83 (0-33-2:08)
=18 ycars 81/5445 149 (115-1.93) 54/7178 075(0-55-104)  0-51(0-34-076) 0-50 (0:33-075)
Sex
Male 5374243 125(0:09-1:58)  34/5606 061 (0-42—0-88} 0-49(0:33-076) 048 (0-31-0-74)
Female 37/5313 0-67(047-1:03)  28/6601 042(030-0:61)  ©-61(036-1:04) - 060{035-102)
Nutrition status at baseline
Underweight* 47/3126 150 (1-10-2-04) 42/4434 0.99{0.70-1.40)  0:66 (0-42-1.04) 065 (0-41~1-03}
Normal or above 43/6404 0-66(0-43-1.01) 207751 022{0:13-0:37) 0.33(0-17-0-65) 033 (0-17-0:65)
Castet
Scheduled tribes 63/6375 0-99(0-68-1.45)  46/8727 0-53{0-36-0-77) 0-53(0-31-0-92) 0-52 (0-30~0-30)
Scheduled castes 11/720 1.53(0-89-2-61) 3/930 032(013-0-83)  ©053(0:31-0-32) 0-21 {0-07-0-65)
Other backward casses 12/1724 0-70 (0-43-1:12) 1042033 0:49 (0-24-1.01) 0-73 {0-30-1-70} 0.68 (0.:30-1.62)
QOther 4/737 0-54(0.26-1-15) 3/517 0.58 (0-20-1.66)  1.10(0-30-3:8) 114 (0-30-4-37)
Dataare sumber of incidentsfaumber-of person-years, unless st atetl othierwise, MA=nat apphicable, “Underweight inaH ages is a composite category operationally defined as
welght-foi-age Z-scores tess than -2 5D for those aged 5 years or younier, BMI-far-age and sex Z-score of lower thai -250 For those aged 6-17 years, and BN of lowes thar
185 kg/m* for individuals aged at least 18 years, 1These terms are usediipy the Ingian Constitution and:are officially designated groups of people wha are themost
| disadvantagedin that order. : s '
" Table 4: Incidence rate ang incidence rate ratios among househeld contacts who developed microbiologically confirmed pulmonary tuberculasis

weights in adults in both groups. but this weight gain did
not differ across sex (data not shown}).

The secondary outcomes related to non-tuberculosis
acute infections and their related hospitalisations and
mortality in the intervention period are described in the
appendix (p 9). The secondary outcomes were similar in
the two groups in the frequency of presumed lower
respiratory tract infections, diarrhoes, hospitalisations,
and deaths related to febrile illness. The food intervention
did not lead to any harms reported by the participants.

Discussion

We report the results of, to our knowledge, the first field-
based cluster-randomised trial that investigated whether
macronutrient supplementation with food rations and
micronutrients for 6 months could reduce tuberculosis
incidence in household contacts of patients with
microbiologically confirmed pulmonary tuberculosis
during a follow-up period of 2 years. The trial also
investigated the effect of the nutritional intervention on
nutritional status, and non-tuberculosis infectious
morbidity and mortality in household contacts during
the intervention period. The nutritional intervention led
to a 39% (alRR 0-61 [95% CI 0-43-0-85]) relative
reduction in the rate of tuberculosis incidence (all forms)
and to a 48% (0- 52 [0-35-0-79]) relative reduction in the
rate  of microbiologically confirmed pulmonary
tuberculosis in the intervemtion group. The aHRs

obtained on Cox proportional hazards analysis indicate
that at any time in the stady period, household contacts
were significantly less likely o develop tuberculosis
incidence {all forms; aHR 0-59 [95% CI 0.42-0-83]) and
significantly less likely to develop microbiologically
confirmed pulmonary tuberculosis in the intervention
group {0-51 [0-34-0-78]). The baseline evaluation
revealed prevalence of undernutrition in more than a
third of the household contacts, which was higher than
the state and national averages, undetfining the need for
such an intervention. To prevent occurrence of one case
of incident tuberculosis during a period of 2 years, an
estimated 111 household contacts (30 households) would
need to be provided nutritional supplementation. The
intervention was also associated with modest gains in
weight, which were nearly double in the adults in the
intervention group. These modest weightgains ranslated
into a 14-28% reduction in baseline prevalence of
individuals who were underweight in adult household
contacts. The intervention had no significant effect on
the frequency of malaria, diarrhoea, respiratory
infections, and hospitalisations and deaths related to
febrile illnesses over the intervention period. Nearly 24%
of the people with incident tuberculosis were diagnosed
after 2 years of follow-up. A systematic review of contact
studies has shown that tisk of incident tuberculosis is
substantial even after 3 years of exposure to the index
patient.®
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The significant reduction of tuberculosis incidence
seen in this trial of macronutrient and micronutrient
supplementation ig in contrast to the trdals on
micronutrients such as vitamin D in a population with
high prevalence of vitamin D deficiency that did not
reduce the risk of tuberculosis infection or disease.” This
reduction is possibly because our intervention addressed
the deficiency of calories, proteins, and micronutrient
deficiencics. In a cohort study from Tndia, macronutrient
undernutrition in household contacts was associated
with a six-fold higher rate of tuberculosis incidence.” A
tubercitlosis incidence of 12 per 1000 person-years and
incidence proportion of 2% in this cohort was similar to
the 12-7 per 1000 person-years and 2-7% in the control
group of this study. Modeiling studies have showmn that
modest improvement in nutritional status has a potential
of significant reduction in tuberculosis incidence.”

Global tuberculosis control faces challenges with
tuberculosis ncidence increasing for the first time in
recent years (3-6% in 2021 compared with an average
dedline of 2% annually), and a deteriorating situation
regarding social determinants such as undernutrition.
According to the Food and Agriculture Organization,
“the world is moving backwards in its efforts to end
hunger, food insecurity and malnutrition in all its
forms*.® This intervention represents a form of mass
prophylaxis in a group at high risk of infection and of
progresston  to  disease, and could complement
biomedical interventions such as tuberculosis prevention
treatment and newer tuberculosis vaccines. WHO
recommends tuberculosis prevention treatment in
people living with HIV, household contacts of people
with  microbiclogically confirmed  pulmonary
tuberculosis, and clinical risk groups, and had set targets
of providing tuberculosis preventive treatment to 30
rmillion mdividuals by 2022.* Of these, only 42% of the
tuberculosis prevention treatrment target for contacts
aged S years or younger was achieved, and in the case of
contacts older than 5 years, this was only 3% until 2021
Thus, most household contacts are yet to be covered by
the tuberculosis prevention treatment, which s
operationally challenging in India due to resource-
intensive contact evaluations to rule out active
tuberculosis, testing to establish tuberculosis infection,
and initiation and follow-up of tuberculosis prevention
treatment.” Tuberculosis preventive treatment coverage
in India is 48% and in Jharkhand, it is 29% as per the
India tuberculosis report 2022. Jharkhand is the third
lowest in the country followed by Arunachal Pradesh and
Bihar in the coverage of tuberculosis preventive
treatment.”  Among the tuberculosis prevention
treatment regimen, 6 months of isoniazid is efficacious
compared with placebo {odds ratio 0-65, 95% credible
interval ©-50-0-83) and 3 months of rifapentine-
isoniazid is efhicacious compured with no treatment
{0-36, 0-18-0.73)." In a trial of a new vaccine M72/
ASO1, the vaccine efficacy was found to be

49.7%.7 Although our intervention was a host-directed
one possibly addressing the immune response to
tuberculosis  infection, its efficacy in reducing
tuberculesis incidence compared favourably with that of
conventional tuberculosis prevention treatment involving
anti-tuberculosis drugs and approached the Preferred
Product Characteristics of at least 50% efficacy in
prevention of confirmed pulmonary tuberculosis
suggested for newer tuberculosis vaccines.™

Strengths include that the trial was conducted in
collaberation with and within the Nuticnal Tuberculosis
Elimination Programme, hence the trial population
{patients and household contacts) s representative of
programmatic cohorts in many Indian states with
constitutionally and administratively designated socially
and cconomically disadvantaged groups, such as
scheduled castes, scheduled tribes, and other backward
cJasses, and rural communities with a high prevalence of
undernutrition and poverty. Another strength was the

T

Control group Intervention group  pvalue
(n=4724) {(n=5621)

Adult men
weight, kg 52.0(9:6} 52:4.(9-8)
Height, cm 1602(7°5) 161.0 (6.9}
BMI, kg/m* 20:2(30) 202 (3-2)
Stunting™ 617/1104 (55-9%) 712/1381(51-6%)
Nutrition categories

Severely underweaight 59 (5:3%) 80(5-8%)

Mild to moderately underweight 267 [24-2%) 375 (27-2%)

Normal BMI 608 (53-2%) 830 (60-1%)

People who are overweight or people 80(7-3%} 96 (7-0%)

with cbesity
Weight gain at & months, kgt 0-91(1.76) 1.70(1.92) 00012
Pcreent weight gain at 6 monthst 1-92% (3-85} 3-45% (3-94) 0-0020
Adultwomen
weight, kg 443(87) 43-8(87)
Height, kg 1492 (6-2) 149-1(6-1}
BMI, kgim® 19-9 (3.6) 19-7 (3-8}
Stunting* 854/1623(526%)  1036/1930(53.7%)
Nutritinn categeries - .

Severely underweight 171 (10:5%) 180 (9:3%)

Mild to moderately underweight 460 (28-3%) 640 (332%)

Normal BME 859 (52 9%} 954 (49-4%)

people who are overweight or people 133 (8-2%) 156 (8-1%}

with obesity
Weight gain at 6 months, kgt ¢-83(1-6) 177{1-92) <0-0001
Percentweight gain at 6 monthst 2.04% (3-86) 429% (473} «0-0001
Childreraged 5 years
Boys, underweight (weight-for-age lower 120 {44-9%) 168 {49-7%)
than-25D}
Boys, weight gain at 6 months, kgt 1.74(1-25} 1.7 (1.38) 0-85
Boys, percent weight gain at 6 muonths! 201% (25-1) 18%(18-3) 0:38
Girls, underweight (weight-for-age lower 127 {483%) 139 (48-8%)
than 25D}

(Table § continues on next page}

i
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{Continued from previous page}
Girls, weight gain at & months, kgt

Girls, percent weight gain at 6 monthst

Children aged 6-17 years

Boys, thinness (BMI-for-age Z-scores

lwer than -230)

Boys, weight gain at & months, kg¥
Boys, percent weight gain at 6 monthst
Giels, thinness (BMI-fur-age Z-scures lower 118 (17-2)

than -25D)

Gitls, weight gain at & months, kgt
Girls, percent weight gain at 6 monthst

Bata are n (%) or mean (5B). BM: has been dassified as: severely underweight (<160 kgfin®), mild to moderately
underweight (16~18-49 kgfm®), normal {18-5-24-99 kg/m?), and people who are overweight or people with abesity
(2250 kg/r?). *Stunting is defined as sexspecific height-for-age 7-score lower than -2 5D atthe age of 18 years as per
WHO growth standards. TEstimated using generalised estimating equation. in the control group, weights were
missing in seven individuals {(0-15%) and heights were missing in 468 individuals (3-9%). in the intervention group,
weights were missiag in 18 individuals {0-3%) and heights were missing in 547 individuals (37%). Of the 1015 missing
heighits, yu7 individuals (89-4%) were in the t-60 months category. At 6 months, weights of participantswere
available in 4323 individuals (§1.5%) in the contiol group, and 5430 individuals {96-6%) inthe intetvention greup.
Index cases in both groups received a food basket that provided 1200 keal plus 52 g of proteiss per day, and housahold
conlacls in the inlervention group raceived 750 kal pius 23 g of protein per day.

Table 5: Baseline nutritional status and weight gain 6 months after enrolment of household cortacts i

Control group Intervention group  pvalue

(n=4724) (n=5621)
148 (1:03) 175{1-32) 028
17-3% (17°5) 187%{14:4) 049
177 (25:3%) 254 (30:1%)
163 (141) 2.15 (1-63) 66074
643 (6-08) .48 (6.82) 06079
183 (23:2)
167 (17) 2:18(1-59) 0.042
6-64% (6-88) 8-98%(8.71) 0048

food basket that was based on locally available and
culturally acceptable food items improved after
consultation with local commuunities, for which future
interventions in other communities should be similatly
contextualised. The study was adequately powered to
detect a difference in the rates of incident tuberculosis.
The trial participants and the trial team encountered
formidable challenges during the COVID-19 pandemic,
but the enrolment, interventions, and follow-up
continued uninterrupted. A high proportion of the
household contacts with incident tuberculosis were
microbiologically confirmed, and the proportion lost to
follow-up was also low.

The trial has some limitations. Tl trial was a praginatic
one implemented in the realworld programmatic
conditions and existing health systemn. Although it was
dore in a population with high prevalence of food
insecurity and undernutrition, we did not individualise
the food baskets or ascertain consumption of rations
directly. The possibility of food sharing in the control
group in which only the index patient with tuberculosis
received the food basket cannot be ruled out as evident by
the weight gain in househcld contécts and the reduction
in prevalence of undernutrition in the control group. The
weight gain in either group did not differ by sex. The
nutritional intervention was designed to supplement the
usual diet of the families, and the disruption of livelihoods
in the COVID-19 pandemic is likely to have affected usual
income and dicts, and this disruption along with the food
sharing might have attenuated its effect in the intervention
group. The food intervention reduced undernutrition i
the household contacts, but the quantity and duration

were not sufficient to eliminate undernutrition in them,
In subgroups stratified by baseline nutritional status, the
intervention effect in the underweight population overall
approached statistical significance. although when the
analysis was stratified by age group and nutritional status,
the intervention had a significant protective effect in
adults who were underweight at baseline. The effect size
might not be the same in communities with lower
prevalence of undemutrition and deprivation. The
COVID-19 pandemic was associated with challenges in
diagnosing tuberculosis in household contacts, but these
were common to contacts in both groups. The study
achieved a smaller sample size and a shorter follow-up
period in some households than that targeted; however,
this did not result in an underpowered study for the main
outcomnes because our design effect in the trial proved to
be lower than assurned. However, it could have impacted
on the analysis of effect in subgroups defined by
nutritional status (underweight vs normal or individuals
who were overweight). Given the nature of the
intervention, the investigators, the field staff, and the
participants were not masked. The food distribution,
anthropometry, and the symptom screening were done by
the same field staff. However, the outcome of incident
tubcrculosis was cvaluated by the providers in the
government health system who were not associated with
the trial teamn. We did not evaluate the contacts for Jatent
tubercutogis infection except in a small sub-study
{unpublished). The trial did not employ cultures for
diagnosis of incident tuberculosis as these were not part
of the national guidelines® but a significant proportion
were diagnosed with the cartridge based nucleic acid
amplification test. We had robust data on baseline
anthropometric measures, but the follow-up heights in
children younger than 18 years were inconsistent due to
pandemicrelated disruptions. We therefore limited our
analysis of changes in nutritional status to weight changes
in children, whereas in adults, we could categorise
changes in nutritional status based on BMI as well. We
did not collect information on the receipt of direct benefit
transfers to patients enrolled in this trial, butan imbalance
of receipts between the patients in the groups is unlikely.
The majority of deaths were not medically certified as they
occurred at home. However, the field staff did ascertain
the medical condition, symptoms, and circumstances
around the death in all cases. although not part of a
detailed verbal autopsy protocol.

In communities with a high prevalence of
undernutrition, provision of & monthly food basket and
micronutrient supplementation to household contacts
during the G-menth treatment period of patients with
infectious tuberculosis resulted in a 39% reduction in
tuberculosis incidence and a 48% reduction in the
incidence of microbiologically confirmed tuberculosis
{largely pulmonary tuberculosis), with modest improve-
Iments in weight and prevalence of undernutrition. This
intervention was Jow cost, operationally feasible, and
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should be an essential and integral component of
multisectoral strategies that could accelerate reduction in
tubercudosis incidence in countries with a syndemic of
tuberculosis and undernutrition.
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Nutritional support for adult patients with microbiologically
confirmed pulmonary tuberculosis: outcomesina
programmatic cohort nested within the RATIONS trial in
Jharkhand, India

Anurag Bhargava, Madhavi Bhargavo, Ajay Meher, G Sai Teja, Banurekha Velayutham, Basilea Watson, Andrea Benedetti, Ganesh Barik,
Yivek Pratap Singh, Dhananjay Singh, Adarsh Kibballi Madhukeshwar, Ranjit Prasad, Rajeev Ranjan Fathak, Vineet Chadha, Rajendra joshi

Summary

Background Undernutrition is a common comorbidity of tuberculosis in countries with a high tuberculosis burden,
such as tidia. RATIONS is a field-based, clusterrandomised controlied trial evaluating the effect of providing
nuiritional support to household contacts of adult patients with microbiologically confirmed pulmonary tuberculosis
in Jharkhand, India, on tuberculosis incidence. The patient cohort in both groups of the trial was provided with
nutritional support. In this study, we assessed the effects of nutritional support on tuberculosis mortality, treatment
success, and other ontcomes in the RATIONS patient cohort.

Methods We enrolled patients (aged 13 years or older) with microbiologically confirmed pulmonary tuberculosis
across 28 tuberculosis units. Patients received nutritional support in the form of food rations (1200 kcal and 52 g
of protein per day) and micronutrient pills. Nutritional support was for 6 months for drug
susceptible tuberculosis and 12 months for multidrug-resistant tuberculosis; patients with drug-susceptible
tuberculosis could receive an extension of up to 6 months if their BMI was less than 18-5 kg/m2 at the end of
treatment. We recorded BMI, diabetes status, and modified Eastern Cooperative Oncology Group (ECOG)
performance status at baseline, Clinical outcomes (treatment success, tuberculosis mortality, loss to follow-up,
and change in performance status) and weight gain were recorded at 6 months. We assessed the predictors
of tuberculosis mortality with Poisson and Cox regression using adjusted incidence rate ratios (IRRs) and
adjusted hazard ratios (HRs). The RATIONS irial is registered with the Clinical Trials Registry of India
(CTRI/2019/08/020490),

Findings Between Aug 16, 2019, and Jan 31, 2021, 2800 patients (mean age 41-5 years [SD 145}, 1979 [70-7%] men
and 821 [29-3%] women) were enrolled. At enrolment, 2291 (82:4%) patients were underweight (BMI
<18-5 kg/m?), and 480 (17-3%) had a BMI of less than 14 kg/m2. The mean weight and BMI were 42-6 kg
(SD 7-8) and 16-4 kg/m? (2-6) in men and 36-1 kg (7-3) and 16-2 kg/m2 (2 9) in women. During the 6-month
follow-up, treatment was successful in 2623 (93.7%) patients, 108 (3-9%) tuberculosis deaths occurred,
28 (1-0%) patients were lost to follow-up, and treatment failure was experienced by five (0-2%) patients. The
median weight gain was 4-6 kg (IQR 2-8-6-8), but 1441 (54-8%) of 2630 patients remained underweight. At
2 months, 1444 (54-0%) of 2676 patients gained at least 5% of baseline weight. Baseline weight (adjusted
IRR 0-95, 95% CI 0-90-0-99), BMI (0-88, 0-76-1-01), poor performance status (ECOG categories 3—4; 5-33,
2.90-9.79), diabetes (3-30, 1.65-6-72), and hacmoglobin (0-85, 0-71-1.00) were prediciors of tuberculosis
mortality. A reduced hazard of death (adjusted HR 0-39, 95% CI 0-18-0-86) was associated with a 5% weight
gain at 2 months,

interpretation In this study, nutritional suppeort was provided to a cohort with a high prevalence of severe
undernutrition. Weight gain, particularly in the first 2 months, was associated with a substantially decreased hazard
of tuberculosis mortality. Nutritional support needs to be an integral component of patient-centred care to improve
treatinent outcomes in such settings.

Funding India Tuberculosis Research Consortium, Indian Council of Medical Research,

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND
4.0 license.

Introduction
Tuberculosis is a global public health problem. India
had an estimated 3 million cases of tuberculosis and

494000 wberculosis deaths among H1V-negative people
in 2021 The National Strategic Plan for Tuberculosis
Elimination in India has targets of an 80% reduction in
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Research in context

Evidence before this study

Uneernutrition in patients with active tuberculosis.is a risk
factor for tuberculosis mortality, drug toxicity, and relapse. We
searched for evidence of nutritional support (macronutrients,
micronutrients, or both) on treatment outcomes i MEDLINE,
Cochrane Central Register of Controlled Trials, and Cochrane
Database of Systematic Reviews on Nov 15, 2022, using the
torms “macronutrionts”, “micronutrients”, “food supplamenr",
“diet supplement”, "autrition support”, "nutritional
supplementation”, and “tuberculosis”. Search strings were
developed using "OR" and "AND" Boolean operators. We

searched for observational studies, clinical trials, and kay review -

articles published between Jan 3, 1950,and Aug 1, 2019, in
English. We also retrieved additional studies from thie
bibliography of articles, and identified 35 relevant publications.
A Cochrane review on the effect of macronutrient
supplementation on tuberculosis outcomes was inconciusive
because randomised controlled trials of macronutrient
supplementation were few, small, and unable to achieve an
optimal intake of calories and proteins, A relative risk of
tuberculosis mortality of 0-34.(95% C10-10-1-20) was seen in
four randomised controlled trials with 567 participants,
indicating a possibly effective intervention. The generation of
evidence based on randomised controlled trials is ethically
problematic in settings such as India, where severe
undernutrition and food insecurity are widely prevalent i1
patients with tuberculosis.

Added value of this study

To our knowledge, this is the largest single programmatic cohort
of predominantly HiV-negative patients with drug-susceptible
tuberculosis who underwent comprehensive evaluation of
clinical, nutritional, and pe rformance status at enrofment and in

incidence and a 90% reduction in tuberculosis mortality
by 2025, compared with the baseline estimates for 2015
The modest progress in reducing tuberculosis mortality
since 2015 was reversed during the COVID-19
pandemic.’

Preventing tuberculosis mortality requires early
diagnosis, provision of high-quality care with compre-
hensive evaluation, and management of comeorbidities .’
In countries with a high tuberculesis burden such as
India, undernutrition is a commen comorbidity due to
disease-related weight loss acting on a substrate of pre-
existing chronic undernutrition. In patients with
tuberculosis, undernutrition is often severe, potentially
lethal, and, in the absence of nutritional support, persists
even after treatment.” Undernutritien is a consistent
risk factor for mortality, drug toxicity, delayed sputum
conversion, and recurrence.””*

WHO recommends nutritional assessment, counselling,
and suppozt as intcgral components of tuberculosis care.™”
These recommendations await adoption in most national

whom the éffect of a food rations-based nutritional intenvention
on clinical and nutrttional vutconies was documented. The study
shows high levels of severe and extrerhely severe undernutrition
in patientsat diagnosis, which is 4 contributor to tuberculosis .
mortality that is currently unaddressed in imost national
tuberculosis programmes. Most deaths occurred in the first

2 months, 80% occurred at home, and performance status,
nutritional status, haemoglobin, and diabetes were identified to
be predicters of death. The effect of nutritional support on
tuberculosis mortality in this cohort can be inferred fram the
survival, with nutritional support,' of more than 85% of patients
with potentially fatal dndernutrition (BMI <13 kg/m? in men and
<11 kg/m*inwamen), and the 61% redyced hazard of death in
those with desirable (5%) weight gainin2 months, Fhe case
fatality ratiowas considerably Jower thart in another National
Tuberculosis Elimination Programme cohort with a simiar
patient population that had no nutsitional support. The
nutritional intervention was well accepted and was asseciated
with high rates of adkerence to treatment and low rates of
treatment failure. However, nutritional recovery was incomplete
at 6 months in patientswith severe undegmutrition at
enrolment.

Implications of all the available evidence

 Nutritional assessment, counselling, and support need to-be

implemented in settings with a high burden of tuberculosis and
undernutrition, such as India, to improve tuberculosis treatrent
outcomes. Food-baset! nutritional support during treatment is
associated with weight gain, improved performance status, and
adecreased hazard of tuberculosis mortality. However,
nigtritional recovery in patients with severe undernutrition might
require graded support for-a longer perisd.

programmes." Although niodelling studies indicate that
addressing undernutrition could reduce tuberculosis
mortality,” the impact of macronutrient and micronutrient
supplementation on treatment outcomes in clinical trials
has been inconclusive due to small numbers of
participants, heterogeneity, and not reaching optimal
intake of calories and proteins.® However, a possible
reduction in tuberculosis mortality in HIVuegative
patients has been noted in small randomised controlled
trizls of nutritional support.”

Reducing Activation of Tuberculosis Through
Ffmprovement of Nutritional Status (RATIONS) is an
open-label, parallel-arm, clusterrandomised controlled
trial involving household contacts of adult patients with
microbiclogically confirmed pulmonary tuberculesis in
Jharkhand state in eastern India.* The primary objective
of the tial was to estimate the effect of nutritional
gupport in reducing tuberculosis incidence among
household contacts of patients in a setting with high
prevalence of undernutrition. In this report, we describe
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tuberculosis mortality, treatment success, and changes in
nutritional and performance status in the patient cohort
receiving nutritional support within the RATIONS trial,
over the intervention period of 6 months.™

Methods

Study design

The RATIONS trial design, detailed methods,
recruitnient, intervention, follow-up, and outcomes have
been described previously™ The trial population in this
clusterrandomised controlled trial consisted of the
household contacts of 2800 patients with micro-
biologically confirmed pulmonary tuberculosis drawn
from 28 tuberculosis units (trial clusters) across
four districts of Jharkhand. The 28 custers were
randomly assigned ina 1:1 ratio to receive the intervention
of nutritional suppott (food baskets and micronutrients)
for household contacts or no nutritional support for
household contacts. The primary outcome in this
population was the difference in tuberculosis incidence
among household contacts of the two groups over a
follow-up peried of 2 years from the treatment of
the index patient with microbiologically confirmed
pulmonary tuberculosis. The trial found a 39% reduction
in the incidence of tuberculosis (for all forms of
tuberculosis), and a 48% reduction in incidence of
microbiologically confirmed pulmonary tuberculosis in
household contacts in the intervention group compared
with the control group.”

All 2800 patients with microbiologically confirmed
pulmonary tuberculosis were provided with nutritional
support (food baskets and micronuirients) for the
treatment period, regardless of their baseline nutritional
statug or assignment group. They were followed up for
the treatment period for the secondary treatment
outcomes of tuberculosis mortality (all-cause mortality
during the treatment period), treatment success, changes
in nutritional and petrformance status, and occurrence of
severe adverse effects (appendix p 2).

The RATIONS trial was embedded within the National
Tuberculosis  Elimination Programme (NTEP) in
four districts of Jharkhand: Saraikela-Kharsawan,
West  Singhbhum, FEast Siughbhum, and Ranchi
(appendix pp 2-3). Jharkhand (meaning land of trees)
has substantiat forest cover and a population of
33 million: the population is predominantly rural (75%)
and almost a quarter is indigenons, known as scheduled
tribes. The state has one of the highest proportions (46%})
of population living in multidimensional poverty in
India.” The prevalence of underweight is 26-2% in
wornen f{aged 15-49 years) and 39-4% in children
younger than 5 years, compared with the national
average of 18.79%" In 2021, the tuberculosis case
notificatior rate was 130 per 100000 population,” and the
prevalence of microbiologically confirmed pulmonary
tubereulosis was 352 per 100000 population compared
with 316 per 100000 population for India overall.®

Participants

Patients and their household contacts from
28 tuberculosis units of the NTEP were enrolled between
Aug 16, 2019, and Jan 31, 2021. The trial ended on
Aug 13, 2022. A district is an administrative unit,
and a tuberculosis unit is a programme manage-
ment unit at the subdistrict level that covers
0-15-0-25 million population. All patients aged 18 years
or older with microbiologically confirmed pulmonary
tuberculosis and initiated on treatrnent within the
previous 2 weeks were considered eligible for inclusion,
regardless of their HIV or drug susceptibility status, if
they had at least one eligible household contact™ An
eligible household contact was a person living in the
same house as the index patient, and eating from the
same kitchen for at least one night or for frequent or
extended periods during the day during the 3 months
before diagnosis of the index patient; household contacts
were ineligible if they were currently on treatment for
microbiologically confirmed or clinically diagnosed
active tuberculosis (appendix p 4).*”

Ethics approval was obtained from the Institutional
Fthics Committee of the Indian Council of Medical
Research~National Institute for Research in Tuberculosis
(number 2018020). Local oversight was provided by the
ethics commitiee of Ekjut, a non-profit organisation
involved in field-based research. Field staff obtained
written informed consent from participants.

Procedures

Patients were diagnosed by the NTEP and received
antituberculosis treatment and supervision as per the
guidelines.* Patients in both groups received an identical
monthly food basket supplying 1200 keal and 52 g protein
per day, and a micronutrient pill containing the
recommended dietary allowance based on mnational
recommendations (appendix pp 4, 6),* which cost
US$0-49 per day, inclusive of delivery costs. The food
1ations were delivered at home by the held staff for
& months for drug-susceptible tuberculosis and
12 months for multidrug-resistant tuberculosis. Delivery
was challenging due to the difficult texrain and poor
connectivity, and was further complicated by restrictions
related to the COVID-19 pandemic. The food rations for
an individual patient in the cohort with drug-susceptible
tuberculosis were extended by up to 6 months if the BMI
was less than 185 kg/m? at the end of treatment. All
patients received INR 500 per month ($6-1 per month}
under the direct benefit transfer scheme of NTEP during
treatment.”

Demographic  characteristics,  houschold  assets
{appendix p 4), and risk factors were assessed at baseline,
along with anthropometry. blood pressure, pulse oximetry
for oxygen saturation (SpO,), performance status using a
modified Eastern Cooperative Oncology Group {ECOG])
scale, and oedema assessed by pressure over shins.” The
ECOG scale is categorised from 0 to 4, with a score of
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0 representing no restriction of physical activity and
4 representing complete confinement to a bed or chair
(appendix p 5). Haemoglobin was estimated with use of
the Hemocue Hb 201+ system (HemoCue, Angelholm,
Sweden} and severe anaenia was defined as haemoglobin
less than 80 g/L. Nutritional status was defined according
to BMI as per WHO guidelines, with a BMI of less than
16 kg/m? classified as severe underweight and an
additional category of BMI less than 14 kg/m? classified as
extrernely severe underweight (appendix p 5).” HIV status
and random blood sugar weze retrieved from NTEP data.
Participants with random Dblood sugar greater than
11-1 mmol/L, those with seifreported diabetes, and those
on diabetes medication were categorised as having
diabetes. Hypoxia was defined as SpO, of less than 94%
and hypotension was defined as systolic blood pressure of
less than 90 mm Hg.

At monthly follow-ups for 6 months, we monitored
symptoms, treatment adherence, consumption of food
rations, adverse drug reactions, anthropometry, and
ECOG performance status. We referred patients with

Sex
Male
Female
Age, years, mean (5D}
Men
Women
Caste
Scheduled tribe
Scheduled caste
Qther backward ¢lasses
QOther
Education
None
<10 years
=10 years
PDS beneficiary
History of alcohol use

History of tobacco use

History of previous tuberculosis

Histary of previous tuberculosis in

family member
Diabetes

HIV infectiont

Muitidrug-resistant tuberculosis

at diagnosis,

acid amplification test; 1258 tests were done.

Overali (n=2800) Underweight (BMI Not underweight {BMI
<185 kgfn n=2291) 2185 kgfm™ n=4B8H*
1879 {70.7%) 1603 (70-0%). 362 (74.0%)
821129:3%) 688 (30-0%) 127(26-0%)
40-3 (24°5) 40-1{14-6) 40-4(13-6)
41.5(143) 413(145) 417 (13-6)
373 (145) 372 (14°5) 36:5(132)
1896 (67-7%) 1613 (70-4%) 270 (55:2%)
258 (9-2%) 200 (8:7%) 57 (11-7%})
551 {19-74%) 424 (18-5%) 171 (24.7%)
95 {3-4%) 54 (2-4%) 41(8-4%)
1109 (38-6%) 968 (42-3%) 127 (26:0%)
1064 (38.0%) 873(381%) 186 (38.0%)
627 (22:4%) 450 (19-6%) 176 (36-0%)
2356 {84-1%) 1962 (85-6%) 376 (76.9%)
1405 (50-2%) 1123 (49:0%) 207 (54-6%)
1021 (36-5%) 841 36:7%) 169 (34-6%)
267 (9-4%) 306(9.0%) 55 (11.3%)
395 {14-1%) - 312 {13-6%) 83 (17-0%)
139 {(5-0%} 80 (3-5%) 57 (11-6%)
6/2264 (03%) 6/2264(0-3%) 0/4839
38/1258 (3-0%) 30/985 (3-0%) 81264 (3-0%)
Data are n (84 oF ofN (%), urtess specified otherwise. PDS=public distribution system. *Patlent numbers I the
columns related fo nutritional starus might not add upto the overall prevalence of the chatacteristic because of
missing BMI vakses in 20 patients. 1The PLS provides subsidised rations to Indians living below the poverty line. $HIV
testing was dore in 2264 patients. SMultidrug-resistant tuberculusis was diagnosed based on cartridge-based nucleic
Table 1 b;;oéraphic characteristics and comorbidities in patients with microbiologically confinmed

pulmonary tuberculosis in the RATIONS trial

critical values of BMI, blood pressure, oxygen saturation,
and ECOG performance status, and those with adverse
drug reactions to the nearest public health facility
(appendix p 6).* Mortality and adverse drug reactions
were reported to the field staff during follow-up visits or
by telephone. Data collection was done using REDCap
(version 12.2.7), hosted by the National Institute of
Research in Tuberculosis (Chennai, India}.

Qutcomes

The following outcomes of treatment documented by the
NTEP were noted: cure or treatment completion
{treatment guccess), deaths during treatment, loss to
follow-up, and treatment failure. In addition, mineor
adverse effects during treatment were noted by field staff.
The diagnosis of adverse effects such as drug-induced
hepatitis was based on evaluation by physicians in health
facilities. We defined treatment outcomes as per NTEP
definitions (appendix pp 4-5)." Loss to follow-up during
the treatment period was defined as patients who
interrupted treatment for 1 month or longer. Loss to
follow-up for the purpose of trial intervention was
congidered non-availability for follow-up for 2 months or
longer during the treatment period ({appendix p 5).”
Tuberculosis mortality was defined as all-cause mortality
in HIVinegative patients during treatment’ The case
fatality ratio was defined as the number of patients with
tuberculosis mortality divided by the number of patients
forming the cohort at the beginning of the observed
period.* The diagnosis of tuberculosis involved smear
microscopy (graded as scanty, 1+, 2+, ot 3+) and cartridge-
based nudeic acid amplification tests (GeneXpert
[Cepheid, Sunnyvale, CA, USA} or Truenat [Molbio
Diagnostics/Bigtec Labs, Goa/Bengaluru, India)) and the
end of treatment evaluation was by smear microscopy as
per NTEP guidelines,”

Statistical analysis

Continious variables were summarised as mean (SD} or
median (IQR). Differences between groups were assessed
using Student's t test or Mann-Whitney U test, as
appropriate. The association between categorical variables
was assessed using the x? test or Fisher's exact test. We
estimated the 6-month tuberculosis mortality rate and
case fatality ratio with 95% Cls and compared these
outcomes via adjusted incidence rate ratios (IRRs) among
key subgroups (sex, bodyweight, BMI category. and
ECOG performance status). Baseline ECOG performarnce
status was dichotomised as poor {score of 3-4) or better
(score of 0-2). All of the aforementioned analyses used a
marginal Poisson regression model with independence
correlation structure, and the results are presented based
on the empirical standard errors to account for clustering
by tuberculosis unit and using the log of person-time at
risk as the offset. The model was adjusted for potential
confounders that are known to be associated with the
exposure of undernutriion and are imdependent
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predictors of outcomes such as tuberculosis mortality:  Only 29 {1-0%) of 2780 patients were overweight or obese

age, sex, caste, family history of tuberculesis, alcohol use,
tebacco use, diabetes, cough duration, sputum smear
grade, ECOG category, haemoglobin, and log of value of
household assets as a measure of standard of living, We
included interactions between baseline bodyweight, and
age, sex, and ECOG score in the regression model and
used the p value for the regression coeffictent to test the
interaction. Participants were censored at 180 days. We
estimated the change in weight and BMI (absolute and
relative), stratified by sex. With use of a Cox propertional
lazards model, we compared time te death {via adjusted
hazard ratios {HRs]) over 6 menths in participants who
gained and did not gain weight over the first 2 months. In
this analysis, we considered weight gain as a time-
dependent covariate, which started at zero for all patients
and changed to one if there was desirable (=5%) weight
gain at 2 months # Missing values were imputed via
chained equations® using the missingness-at-random
assumption. In sensitivity analyses, we also considered a
complete case analysis. We assessed the proportional
hazards assumption and used a stratified model in the
case of violations. Kaplan-Meier survival curves, stratified
by ECOG status and bodyweight category at enrolment,
were estimated. The analyses were done with STATA
(version 170) and R {version 4.1.2).

The RATIONS trial is registered with the Clinical Trials
Registry of India (CTR1/2019/08/020490).

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the repott,

Results

The patient cohort (n=2800) was recruited between
Aug 16, 2019, and fan 31, 2021 (appendix p 7). At
enrolment, the mean age was 41.5 years {SD 145} in
men and 37-3 years (14-5) in women (table 7). Most
individuals Dbelonged to indigenous communities
(scheduled tribes). were engaged in manual labour
{appendix p 6), and were beneficiaries of subsidised food
rations from the public distrdbution system; almost
40% had ro schooling. HIV-tuberculosis co-infection
was found in six (0-3%) of 2264 tested participants, and
139 (5-0%) of 2800 participants had diabetes.

The mean bodyweight at enrolment was 42-6 kg
{$D 7.8) in men and 36-1 kg (7-3) in women, and mean
BMI was 16-4 kg/m? (2:6) and 16-2 kg/m? (2.9),
respectively (table 2). More than 80% of participants were
underweight, almost half were severely underweight, and
179% had a BM1 of less than 14 kg/m2. Almost a quarter of
participatits had a bodyweight of less than 35 kg, and the
cohort included 143 men with a BMI of less than 13 kg/m?
and ten wormen with 4 BMI of less than 11 kg/m2. The
lowest recorded bodyweight and BMI were 22-0 kg and
8-3 ke/m? in men, and 18-8 kg and 8-6 kg/m? in women.

Patients with Characteristic

. available data, n
Bodyweight, kg 2785

Men _ 1568 4258 (776)

Women 817 36.08 (7-25)
Bodyweight category, kg 2785

18.0-24-9 - 27 (1.0%)

250-29-9 . 172 (6:2%)

30-0-39-9 . 1211 (43-5%)

40.0-54.9 - 1233 (44:3%)

55.0-70-0 - 129 (4.6%)

>70:0 p 13 (0-5%)
Height, ¢cm 2780 -

Men 1965 160-78 (6-38)

Women 815 14936 (6:00)
Stunting® 2780

Men 1965 1067 (54:3%)

Wormen 815 431(53-9%)
BMI, kg/i . 2780 -

Men T 1965 16.44 (2:58)

Women 815 16.15 (2-90}
EMI category, kg/m* 2780

225.0 (overweight or obese} - 25 (3:0%)

18-5-24-9 {normal) - 460 (16:5%)

<18-5 {underweight) - 2291 {82-4%)

17-0-18-4 {mitd underweight) - 485 (17-4%)

16-0-16-9 (moderate underwaight) - 455 {16-4%)

14-0-15.9 {severe underweight) - 871(31:3%)

<1440 {extramely severe underweight) - 480 (173%)
Haemoglobin, g/t . 2734 1045 (189}
Anacmiat 2734 2411 ({88.29%)
Haemoglobin <80 g/t 2734 204 (7.5%)
Sputurm smear examination as basis of diagnosist . 2025

Grade scanty tec 1+ 2025 910 {44-9%)

Grade 2+to 3+ 2025 1115 (55:1%)
CB-NAAT a5 hasis of diagnosis} - 775
Modified £COG performance status 2800 -

0 (able to carry out normial activity) . 791(2:8%)

1 {ambulatory but not able to do strenuous activity) . 1202 (42:9%)

2 (cande seff-care, cannot work, up and about <50% of waking hours) - 1194 (42-6%)

3 (self-care only, confined tw bed or chair >50% of waking hours) - 271{5-7%)

4 (no ability to carry out self-care, canfined to bed or chair} - 54 (1-9%)
Systolic blood pressure, min Hg 2753 110.2 (16.7)
Diastolic blood pressure, mm Hg 2753 778 (119
Hypotension (systofic blood pressure <g0 mm Hg} 2753 286 (104%)
Hypoxia (5p0, <94%) 2797 245 (8-9%)
Gedéma . 2800 130 {4-6%)

Data are mipan {SD) o1 n (% ). Percentages might aot add ta 100% due to rounding. Some: paticnts could not be
assessed] Forheight orweight dueto adisability or an inability to stand. CB-NAAT=cartridge-based mudeic acid
amplification test ECOG=Eastern Cuvperative Oncolugy Group. Sp0,=oxygen saturation. *Stunting in rmen and
women was assushed if the height measused was more than 2.5 below the WHO standards for boys and girls aged

18 years. tAngemia was defined as iaemoglobin <13 afdk in then and <12 g/dL in wemen. $5ome patients underwent
both sputum smear examination and CB-NAAT,

Table 2: Anthropometric and dinical characteristics of patients inthe RATIONS trial at enrolment
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(BMI =25 kgfm?). Diagnosis was based on smear
microgcopy in 2025 patients and on cartridge-based
nucleic acid amplification tests in 775 patients. Severe
anaemia was noted in 204 (7-5%) of 2734 patients
screened, 325 (11.6%) of 2800 had poor performance
status, 286 (10-4%6) of 2753 had hypotension (systolic
blood pressure <90 mm Hg), and 249 (8-9%) of 2797 had
hypoxia. Weight data were missing for 15 patients and
height data were missing for 20 patients due to difficulty
standing or disabilities rendering height measurements
inaccurate {zppendix p 4); all of these patients had mid-
upper arm circumference measurements, with a mearn of
16-3 cm (SD 2-2). The total follow-up time was
1337-32 person-years. Treatment was successful (cure

0-49  Modified ECOG performance status
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Number at risk (days)
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Iard 325{0) 295 (0} 283(1) 275(1) 272 (1) 269 (2} 267 (269)
B
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= 18-0-24.9 250-29-9 e 300399 - 40-0-549 2550
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T
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(number censored)
18.0-249  A2(0} 34{0) 321(0) 31(0) 31{0) 3140) 31(31
50-29%  172(0) 166 (0) 161(0) 159 (0} 157(0) 156 (0} 153 (153}
3O0-39-9  121141) 1185 (3} 1173(7) 1162 {9} 1153(10) 1145(13) 1144 (1157)
4004549 1233(0) 1228 (1) 1222 {5) 1204 (8)  1210{11)  1205(12) 1200 (2212)
2550 142(0) 14141} 139 (2) 138 {3) 138(3) 138(3) 137 {140)

Figure: Kaplan-Meier plots of cumulative incidence of tuberculosis mortality over 6 manths of treatment
according to perfarmance status (A) or bodyweight category (B) at enrolment

ECOG scores were dichotemised into batter {score of 0-2) or poor (score of 3 or 4) perfarmance status. The
definitions of each ECOG category are described in the appendix (p 5).The number censored is the num ber of
patients whe were o5t to follow-up of withdrew from the study during the 6-manth treatment period,
ECOG=Eastern Cooperative Oncology Group.

or ftreatment completed) for 2623 (93-7%) of
2800 patients. Of these, 1382 (49-4%) were smear-
negativeat 6 months (cured) and 1241 (44 . 324) completed
treatment with clinical improvement without smear
examination. At 6 months, 28 (1-0%) patients were lost
to follow-up, which was mostly due to relocation during
the COVID-19 pandemic; 13 of the 28 patients withdrew
from the study, mostly due to migration or personal
reasons. Five (0-2%) patients had treatment failure and
36 (1-3%) of 38 patients with multidrugresistant
tuberculosis continued their treatment (two were lost to
follow-up).

The most common adverse drug reactions were joint
pains in 1259 (45-0%) participants, further loss of
appetite in 589 (21.0%), itching in 520 (18-6%),
abdominal pain in 485 (17.3%), tingling sensation in
limbs in 343 (12-3%), and vomiting and nausea in
311 (11-1%; appendix p 11). Eight (0-3%) patients
developed drug-induced hepatitis. None of the adverse
drug reactions led to loss to follow-up.

108 deaths occurred during follow-up, including 81
(75%) in men and 27 (25%) in women. No deaths occurred
in patients with multidrug-resistant tuberculosis or HIV-
tuberculosis co-infection. One death at 187 days in a patient
who interrupted and then resumed therapy was omitted in
the survival analysis that was censored at 180 days. The
overall incidence of tuberculosis mortality was 8-00 per
100 person-years (95% CI 6-41-9-99); the incidence was
%-49 per 100 person-years (6-65-10-83) in men and 6-84
per 100 person-years (4-70-9-95) in women. The overall
case fatality ratio was 3-9% (95% CI 3-24-6),

The median time to death was 46 days (IQR 18-96) and
58 (54%) deaths occurred in the first 2 months of
treatment. Although most patients (83 [77%] of 108} died
at home, 54 patients who died had a history of

Unadjusted IRR  Adjusted IRR

(95%.Cty {95% Ci}
Bodyweight (per kg increase) 0.91{0-88-0.94) 095 (0.90-0-99)
BMI (per kg/m' increase) 0.73(0-67-0-81)  0.88(0-76-1-01)
Haemoglobin (per g/dLincrease)  0-72 (0:61-0-84)  0:85{071-1-00)
Male sex (vs farnale sex) 124 (0:83-186) 1.72(0-89-335)

103 (2:02-1-05)
950 (5-25-17-19)

102 (200-1-03)
5-33(2.90-9-79}

Age (peryear increase)

Poar perfermance status (vs
better performance status)*

Diabetes 322(176-5-88)  330(165-6-72)
Aleohol use 170 (111-261)  1.18 {0-64-2-17)
Tobaccouse 0.62 (0:43-0-90)  0:69 (0-43-1-10)

|RRs were estimated using Poisson regression, The model was adjusted for sex,
age, caste, bodyweight, lug of value of iousehald assets, trial group, ECOG
category, diabetes status, cough duration, sputum smear grade, family history of
tuberculosis, haemoglobin, alcohot use, and tohacca use, IRR~i ncidence rate ratio.
ECOG=Eastern Cooperative Oncology Group, *Poor performande statys was
defined as modified ECOG catagories 3 and 4, and better performance status was
defined as categories U2 (appendix p 5).

Table 3: IRRs of covariates for the event of tuberculosis death in the
RATIONS trial
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hospitalisation. No deaths were attributable to COVID-19.
In patients with bodyweight of less than 35 kg (n=680),
the case fatalily ratio was 7-2% {95% CI 5-4-9-4). The
lowest weight and BMI at initiation of treatment in
survivors were 24-2 kg and 10.7 kg/m? in men and
18-8 kg and 8-6 kg/m? in women, respectively. In men
witha BMI ofless than 13 kg/m?, 123 (86%) of 143 survived,
and in women with a BMI of less than 11 kg/m2,
nine (90%) of ten survived. The case fatality ratios for
different categories of ECOG, baseline bodyweight, and
BMI are presented in the appendix (p 9).

In univariable analysis, bodyweight, BMI, age, poor
performance status, diabetes, alcohol use, haemoglobin,
blood pressure, and oxygen saturation were associated
with risk of death during treatment (appendix p 10). At
enrolment, the bodyweight of patients who died was
5-6 kg lower, their BMI was 2 kg/m? lower, and their
performance status was more frequently poor compared
with those who survived. The survivors also had higher
weight gain at 1 month and 2 months. Kaplan-Mejer
sumval curves (figure) show that the survival in those
with lower bodyweight categories or with poor
performance status was lower than those in the higher
bodyweight catepories and with better performance
status.

In the adjusted analysis using marginal Poisson
regression, nutritional status, diabetes, and ECOG
performance status at enrolment were associated with a
higher incidence of tuberculosis mortality, when adjusted
for important covariates (table 3). The presence of
diabetes or a poor performance status was associated with
a substantially increased incidence of tuberculosis death
(IRR 3-30 [95% CI 1-65-6-72] for diabetes and 533
[2-90-9.79] for poor performance status). As a sensitivity
analysis, we considered a complete case analysis, which
makes a missing-at-random assumption, and the results
were similar. The incidence of tuberculosis deaths with
1kg or 5-kg higher baseline bodyweight was 5% and 23%
lower, respectively, independent of other variables. For
baseline BMI, the incidence of tuberculosis deaths
decreased by 12% with 2 one-umit increase in BMI, or by
23% for a two-unit increase in BMI {table 3). The
interaction of weight with age was statistically significant
{p=0-037), suggesting that the protective effect of weight
at baseline decreased for older patients. There was no
significant interaction with sex or baseline ECOG scote.

The overall median weight gain at 6 months was
4.6 kg (IQR 2-8-6-8), and weight gain was higher in
men than in women (table 4). A median gain of
two units of BMI was recorded in both sexes. At

r All participants Men Women . pvalue :
; Bodyweight '
i Availabledata, n 2626 1850 ' 776 (
Baseling bodyweight, kg 40981 428077 162(72) w0001t !
Bodyweight at 6 months, kg 458(84) 475 (75) 407 (7:0) <0-0001"
Weight gain in 6 months, kg 46{28-6-8) 4.8 (2.0-7.0) 42(256-2) <0-000L}
: Percentage wetght gain over & months 11-3% (6-4-17-4) 11.2% (6-4-173) 11-6% {6-5-17-6) 0-42%
: BM, kg/m*
! Available data, n 2621 1847 774
‘ Baseline BMI 164 (27) 16.5 (2.6} 16.2(2:9) 0-0049™
BM! at 6 months 18.4(2.6) 185 (2:5) 18-2(2-8) 0-0042*
Change in BMi over & menths 1.9 (1.1-27) 1.8 (11-2.7) 19(11-27) 0727
b Nuteitional status at 6 months (BMIcategory, kg/m®) L : 0.003%
Ohese or overweight{225:0) 45/2630 (1:7%) 2871853 {1.5%) 174777 (2-2%)
Normal {18:5-24-9) 1144/2630 (43-5%) 845/1853 (45-6%) 299/777 (38-5%)
Underweight (<18.5) 1441/2630 (54-8%) 920/1853 (52.9%) 461{777 {§9-3%)
iild underweight {17.0~18.4) 670/2630 (25.5%) 473/1853 (25-5%) 197777 (25-4%)
Moderate underweight {16.0-16-3) 361/2630 {13.7%) 2471853 (13:3%) 114/777 (14:7%)
j Severe underweight (14-0-15-9) 350/2630 (133%) 226/1853 (12-2%) 124777 (16-0%)
Extremely severe underweight (<14-0) 6072630 (23%) 3471853 {1-8%) 26777 (3-3%)
Modified ECOG performance status at 6 months$ - 0174
[ 2000/2651 (75-4%) 1430/1867 (76-6%) 5704784 (727%)
1 5C8/2651 (210%) 37711867 (20:2%) 181/784 (23:1%)
2 74/2651 (2-8%) 47/1867 (2:5%) 27/784 (3-4%)
L3 1342651 (0-5%) 10/1867 (0-5%) 3/784 (0-4%)
| 4 6/2651 (0-2%) 3/1867 (0-2%) 3/784 (0-4%)
" Bota are mean (503, median (1QR), or AN (%), uniess specified otherwise, Percentages might not add to 100% due ta reunding. LCOG=Lastern Conperative Oncolagy Group.
*Caloulated by Student's b test. tCalevlated by Mann-Whitney U test. $Caleulated by ¥ test. SModi g ECOG categories are deseribed in the appendix (p 5).
Table 4: Nutritional status and performance statys at enrolment and after 6 months of nutritional support in patients in the RATIONS trizl
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Adjusted hazard
ratio {95% (1)
092 (0-8/-0-97)

Percentage weight gain at month 2 (per 1% increase 0-87{0-81-0:93)
from enrolment bodyweight)

Bndyweight at enralment {per increment of 1kg)

Weight gain of 25% at month 2 0-39 (0-18-0-86)

; Modsls were adjustid for sex, age, and haemoglobir, and wi e stratified by
baseline modified ECOG category and disbetes. Resuits were similar when
adjusting only for sex, age, and haemoiglobin. The preportionality hazard
assumption was tested; itwas often violated by diabetes and modified ECOG

| category at baseline. In that case, Cox proportionality hazard modelswere
stratified, which was sufficient tn rnsure that the proportionality hazard
assusiption held. Missing data were addressed with multiple impuration via
chained equations; results.of a sensitivity analysis using complete case analysis
were siifar, ECOG=Fastern Cooperative Oncology Gioup, ’

Table 5:-Results of multivariable Cox proportional hazards model
examining weight as a time-dependent covariate up tothe end of
month 2 for the risk of tuberculosis mortality over a treatment period
of 6 months

2 months, the median change in weight was 2-2 kg
{1-2-3-6) and in BMI was -89 kg/m? (0-49-1-46);
1444 (54-0%) of 2676 patients gained at least 5% of
their baseline weight. In 206 (7-7%) of 2674 patients,
BMI was unchanged or reduced at 2 months. At
6 months, the proportion of those with normal BMI
increased from 16.5% to 43-5%, but 1441 (54.8%
remained underweight; this included more than half
of men and aimost 60% of women. Of the
48-6% of patients who were severely underweight at
baseline, 15-6% continued to be so at the end of
treatment. In terms of ECOG performance status, the
proportion of patients in category 0 (able to carry out
normal activity) increased from 2-8% at baseiine to
75-4% at the end of treatment (table 3, appendix p 8).

Absolute and relative weight gain in the initial
2 months was associated with a reduced risk of
tuberculosis mortality in Cox regression analysis. The
adjusted HR of baseline weight was 0-92 (95% CI
0-87-0-97) per 1-kg increment, with adjustment for
male sex, age, baseline ECOG category, diabetes, and
haemoglobin (table 5). The adjusted HR of bodyweight
at 2 months for death during treatment was 0-68
(0-56-0-82) per kg increment. The adjusted HR of
percentage weight gain at 2 months for death was 0-87
{0-81-0.93) per 1% increase. We considered a
5% weight gain by 2 months to be desirable;* in Cox
praportional hazards analysis, a desirable weight gain
reduced the hazard (instantaneous risk) of death
compared with those whe gained less weight (adjusted
HR 0-39 [0-18-0-86); table 5). The results of Cox
regression using complete case analysis and multiple
imputation using a missing-at~random assumption
were almost identical (data not shown).

Discussion
In our cohort of 2800 paticnts with microbiologically
confirmed pulmonary tuberculosis, we observed a high

prevalence of undernutrition. Severe undernutrition was
seen in almost half of patients, and BMIs that were low
enough to pose an immediate threat to life in the absence
of nutritional infervention (<13 kg/m? in men and
<11 kg/m? in women)” were seen in 153 (5-5%)} patients
at baseline. Most deaths occurred in the intensive phase
of treatment, with an overall case fatality ratio of 3-9%.
At diagnosis, several indicators that can be easily
asscssed, such as bodyweight, BMI, hacmoglobin,
diabetes, and ECOG performance status, were predictors
of tuberculosis mortality, Previous cohort studies have
reported an association between these predictors and
tuberculosis mortality.”* * Weight gain during treatment,
especially at 2 monthe, was associated with reduced
mortality, with the instantaneous risk of death over the
treatment period reducing by 13% for a 1% weight gain
and by 619 for a 5% weight gain at 2 months.

The nutritional support delivered to patients in the
form of food rations and micronutrient pills as an adjunct
to antituberculosis treatment was feasible, cost less than
$0.5 per day, and was associated with high rates of
treatment success, lower loss to follow-up and treatment
failure, more than 10% weight gain, and a2 marked
improvement in performance status. These are an
improvement over the outcomes reported by the NTEP.
In 2022, the NTEP reported the following outcomes for
patients notified in the public sector in 2020: treatment
success of 83%, tuberculosis mortality of 4-4%, loss to
follow-up of 2-5%, treatment failure of 0-6%. regimen
changes of 1-8%, and outcomes not evaluated of 1-9%.”
The national case fatality ratio appears similar to that
seen in our smdy, but states with better health
infrastructure, such as Kerala, had higher case fatality
ratios (7-9%) than Jharkhand (2-9%)." A cohort from
NTEP during the COVID-19 pandemic, reported in 2022,
had a case fatality ratio of 6-5% in the first 2 months,
which was much higher than in our cohorts.”

Our study did not randomly assign patients to a centrol
group without nutritional support for ethical reasons.
Nevertheless, our results show a predictive effect for
undernutrition at enrolment, and a protective effect of
weight gain for tuberculosis mortality. Outcomes from
two previous large multicentre cohort studies in patients
with pulmonary tuberculosis that did not provide
nutritional support are relevant because they had similar
inclusion ctiteria, and a low prevalence of HIV and
multidrug-resistant tuberculosis. One of these studies
was conducted in southern and western India and
included private-sector patients,® and the other was an
NTEP cohort that included participants from states such
as Madhya Pradesh with similar socioeconomic indicators
to Jharkhand.* In the private-sector study, the loss to
follow-up was 12%, and 78-5% completed treatment”
The NTEP cohort study reported a 6% (93 of 1565) case
fatality ratio, 6% loss to follow-up, and 8% treatment
failure.® However, that study defined treatment failure
with documentation of negative cultures at the end of
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treatment, unlike in RATIONS.® A case fatality ratio of
16 (15%) of 104 in patients with bodyweight of less than
35 kg was reported in another cohort study from the
NTEP.® Improved treatment success with nutritional
support was also seen in a 2021 pilot study in India.”

The NTEP reports a high prevalence of undernutrition
in people in India with tuberculosis, with median
bodyweights of 43 kg in men and 38 kg in women.* The
weight of men in cur cohort was similar, whercas those of
women were lower than the NTEP data. A mean weight
gain of 3-2 kg was reported in an NTEP cohort* and it
was 1-5 times higher in our cohort with nutritional
support. An unchanged or decreased BMI at 2 months,
associated with a five-fold higher risk of tuberculosis
mortality, was observed in 59% of patients in a recent
study in which patients did not rcceive nutritional
support.® Static or decreasing BMIs at 2 months were
observed in only 7% of our cohort, indicating better
weight gains, Overall, almost 45% of our patients had a
normal BMI (18-5~24-9 kg/m2) at the end of 6 months.
The dietary energy surplus over expenditure required to
gain 1 kg of weight is approximately 7500 kecal** Not
reaching a normal BMI could be due to a high prevalence
of severe and extremely severe undernutrition at
enrolment, the inability to reach an adequate dietary
supplus  In of poverty, COVID-19-induced
disruptions, early return to activity, and physiological
limits to nutritional recovery over 6 months. In a smaller
study of nutritional support from 2021, weight gains were
satisfactory but 13% of patients continued to be severely
underweight at the end of intervention.”

The current study has some limitations. The study
design did not inclyde a control patient group without
nutritional support because this was deemed unethical in
view of the high prevalence of severe undernutrition®*
and its association with mortality reported in Indian
patients with tuberculosis.*” Our intervention was based
on national guidelines and was standardised, rather than
being individualised and graded with reference to
nutritional status. Qur assessment of adherence to food
intervention was Indirect* and food sharing could have
occurred between patients and their contacts without
tuberculosis, although nutritional counselling included
advice to families that the food basket should be consumed
by the patient alone. Tuberculosis cure, which is defined
in the national guidelines as a negative smear examination
at end of treatment, was not assessed in almost half of
patients due to COViID-19-related disruptions.

A strength of this study is that the patient cohort was
more than four times larger than has been studied in
previous trials, and we evaluated implementation of
nutritional support in a real-world, programmatic setting.
The intetvention was delivered despite a challenging
terrain, poor road connectivity, and forest cover and
without interruption during the COVID-19 pandemic.
The food basket was developed after discussion with
community workers in the preparatoty phase and was

view

well accepted. We had low loss to follow-up and few
missing values in our anthropometric measurements.

A primarily food-based nutritional support intervention
was feasible, low-cost, and was associated with improved
clinical outcomes. These findings have implications for
the tuberculosis programme in India and other countries
with a large burden of tuberculosis and undernutrition,
We suggest that national programmes routinely assess
nutritional status, haemoglobin, and performance status
at diagnosis, in addition to HIV and diabetes screening;
implement graded nutritional support as part of patient
centred care; and provide close supervision with the
option of referral for inpatient care in the intensive phase,
the period with the highest risk of tuberculosis mortality.

Undernutrition is a widely prevalent, serious, and
potentially lethal comorbidity in Indian patients with
pulmonary tuberculosis. Baseline bodyweight was a risk
factor for ruberculosis mortality, and weight gain in the
first 2 months, with nutritional support, was associated
with a significantly reduced hazard of death during
treatment, The provision of nutritional support with food
baskets and micronutrients was feasible and was
associated with normalisation of performance status in
the majority, as well as higher rates of trcatment success,
lower rates of loss to follow-up, and better weight gain
compared with NTEP data.
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The RATIONS (Reducmg Activation of
Tuberculosis by Improvement of
Nutritional Status) study: a cluster
randomised trial of nutritional support
(food rations) to reduce TB incidence in
household contacts of patients with
microbiologically confirmed pulmonary

tuberculosis in communities with a high

prevalence of undernutrition,

Jharkhand, India

Anurag Bhargava

Manjula Singh
Kiran Rade,'® KS Sachdeva'”

ABSTRACT

Introdtuction India has the largest burden of cases and
deaths related to tuberculosis (TB). Undernutrition is the
leading risk factor accounting for 7B incidence, while
savere Undermutrition is a common risk factor for mortality
in patienis with TB in India. The impact of nutritional
supplementation on TB incidence is unknown, while few
underpowered studies have assessed its impact on TB
mortality. We designed an open-label, field-based cluster
randomised trfal to assess the impact of nutritional
supplementation (with food rations) on TB ingidence in

a group at higher risk of TB infection and disease, viz
household contacts (HHC) of patients with micrabiolagically
confirmed pulmonary TB (PTB) in Jharkhand, a state with a
high prevalence of undernuirition.

Methods and analysis We shall enrol 2800 adult
patients with PTE of the national TB programme, across

28 treatment units in 4 districts, and their approximately
11200 eligible contacts. The sample size has 80%

power o detect the primary outcome of 50% reduction

in incidence of active TB in HHC over 2 years of foliow-

up. Patients and HHC in both the arms will undergo
nutritional assessment and counselting. Patients will
receive monthly food rations (supplying 1200 keai and 52
g proteins/day) and multivitamins along with antitubercutar
treaiment. The HHC in the intervantion arm will receive
food rations (supplying 750 kcat and 23 g proteins/day)
and multivitamins while HHC in control arm will be on
usual diet. The secondary outcomes in HHC will include
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Strengths and limitations of the 's'tudy
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eftects on nutritionaf status, non-TB infections, Secondary
outcomes in patients are effects on TB mortality,
adherence, adverse effects, nutritional and performance
status. Substudies will examine micronutrient status and
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effects on dietary intake, body composition, muscle strength and immune
function.

Ethics and dissemination The institutionat ethics committee of ICMB-
NIRT, Chennal, approved the study (289/NIRT-IEC/201 8). The results wil
be disseminated in publications and presentations.

Trial registration number Clinical Trial Registry of India:
CTRK2019/08/020490.

INTRGDUCTION

Tuberculosis {TB) is a global public health problem
leading (o significant morbidity and mortality, espe-
cially in tow and middle income countries. An estimated
10million people developed TB and 1.2million (HIV-
negative) people succumbed to it in 2019." India was
the major contributor to the global TB burden with an
estimated 2.6million new cases {27% of glohal) and 0.
4million (35% of global) TB deaths in HIV-negatve
people in 2019,

The United Nations Sustainable Development Goals-3
{(SDG-3) has a target for ending the TB epidemic by
2030 and ahus to reduce TB incidence and TB deaths
by 80% and 90% of the 2015 levels, respectively.? As per
the National Strategic Plan (2017-2025), the Revised
National Tuberculosis Control Programime {(renamed as
National Tuberculosis Elimination Programme, NTEP)
in India has set an ambitious target of achieving the
2030 SDG milestone by 2025, 5 years ahead of the global
target.”

The cud TB strategy will require a mix of biomedical,
public health and social interventions to achieve these
goals.2 The strategy requires acceleration of the current
~decline of 15% to 10%-17% per year.! The present
biomedical approach to TB prevention based on vacci-
nation and TB preventive treatment (TPT) has its imita-
tions. The efficacy of BCG vaccine is limited to prevention
of severe forms of childhood TB.? The TPT with isoni-
azid in countries like India currently covers only select
groups of contacts like children under 6 years of age and
people living with HIV.® WHO recently made a condi-
tional recommendation of offering TPT to all houschold
CONntacts (HHG).7 However, there are considerable logis-
tical and technical challenges in countries with a high
burden of latent TB infection (LTBD.*

Rationale for the trial

The end TB strategy recognises the need for new tools,
mterventions and strategies to address the problem of TB
incidence and adverse outcomes.” Globally, an estimated
1.7hillion people or 23% of the population have LTSI,
which remains Jatent in 90% in the presence of innate
and cell-mediated immunity * Risk factors like HIV, under-
nutrition, uncontrolled diabetes, smoking and alcohol
impair immunity, lead to active TB, and act as drivers of
the TB epidemic. Undernutrition results from deficient
mtake or assimilation of energy and nutrients, often in
association with disease-associated inflammation, and is
a part of the broader spectrum of malnutrition, which
includes both undernutrition, overweight and obesity

and deficiencies of micronutrients. Undernutrition in
children is comrmonly defined by the well-accepted WHO
indicators of low birth weight in newborns, underweight
(low weight for age), stunting (low height for age) and
wasting (low weight for height) in preschool children
and hy age and genderspecific cut-offs for body mass
index (BMI) in those aged 618 years. In adults, under-
nutrition is based on a low BMI, which reflects low body
energy stores or chronic energy deficiency. The BMI cut-
off for underweight proposed by WHO of <18.5 kg/m2
for populations' has also been accepted as a criterion
for clinical diagnosis of malnutrition /undernutrition in
a recent consensus statement.' In addition, there have
been proposals for diagnosis of undernutrition based on
altered body composition, and for higher BMI cut-offs in
patients undergoing significant involuntary weight loss,
which require further validation.'! 2

Undernutrition is the leading cause of impaired immu-
nity globally,13 with a consistent inverse exponential rela-
tionship between nutritional status measured by BMI
and TB incidence.' According to the global TB report
2020, undernutrition is a leading risk factor accounting
for 2.2million cases {19%), more than HIV and diabetes
(accounting for .76 and 0.35million cases, respectively) !
Undernutrition is also a consistent risk factor for TB
mortality, regardless of HIV intfection, and drug suscep-
tibility."> Its prevalence was as high as 23% in women
and 19% in men (BMI: <185 kg/mz) in the most recent
National Family Health Survey {NFHS-4) in India.® It is
higher in the poor, rural residents and those bhelonging
to the scheduled castes and tribes, who also suffer a high
burden of TB disease.!® '’ The WHO has estimated that
0.0million cases of TB in India are attributable to under-
nutrition,’ while other studies indicate that this estimatc
may be highcr.la A majority of Indian patients with active
TB have severe levels of undernutrition (macronutrient
and micronutrient), which are associated with twofold—
fourfold higher risk of mortzdity.19

A single unit increase in BMI could reduce TB inci-
dence by 14%," and a modelling study has shown that
B incidence and mortality could decline by 40%-71%
with nutritional interventions.”™ There is no randomised
controlled wial on the effect of nuwritional supplemen-
tation on IB incidence. The studies on the impact of
nutritional supplementation on TB mortality have been
limited, small and underpowered.™

The Reducing Activation of Tuberculosis by Improve-
ment of Nutritional Status (RATIONS) study is a cluster
randomised trial to assess the impact of nutritional supple-
mentation on TB incidence among HHC of patients
with microbiologically confirmed pulmonary TB (PTB),
living in a community with a high prevalence of under
nutrition. They are a group at higher risk of TB infec-
tion and diseasc,” with a prevalence of 10-fold-60-fold
higher than in the general population.” TB incidence
was 4.8% in the HHC and 21.4% in child contacts in a
previous study from Peru,* Food insecurity and under
nutrition are strong and modifiable risk factars of TB in

2

Bhargava A, ef al. BMJ Open 2021:11:2047210, doi:10.1136/bmjopen-2020-047210

1ybBLAdoo
-TlNg eIPUf 1B | Z0Z ‘0Z ABW Uo jwos lwg uadolwgy:dpy wol pspeojumod ‘1Z0Z AB|N 0g Uo 042L10-020Z-usdofwag/og] |0 se paysiiqnd 1say usdo ring

Aq pajoeiold ‘palosuods od




Open access

Ob]ectlve Outcome varlabies Index case HHC T
Primaty Objective = S il g o
Effect of household nutritional supplementation in Difference in number of incident cases of active v
reducing TB incidence among HHG of patients with  TB {all forms) in the two arms detected by active
microbiologically confirmed PTB case finding over a follow-up period of 2 years
after diagnosis of index case
Secondary objectives _ oA U SAEETe
Effect of nutritional suppiememation on Anthropometric indicators such as weight and v v
anthropometric indicators over 6 months BMI
Non-TB infectious morbutiny and mortaluty in HHC i Malaria, darhioea, lowsr respiratoryiract -
both the arms. infection, hospitalisatiorwith fever bf Any Gauss c
of desth with fevar of aﬁy cause <15days i Lt
ke duratien =
Adherence to anti-TB therapy Proportton completing the therapy successfuify v
Martality during treatment /. R PropQr_‘nQn of mdex cases who c_iled dtmng : T
S © treatment i o : R R
Adverse effects Severe adverse effects with TB drugs v
Recuriénce of TB within 2 yelrs after cure Re]apse vate: of mmroblobg:cal y corfimmed T8 v
Performance status Change in ECOG scale at 1 month, 2 months and e

6 months compared with baseling

Diatary substudy SR e I e
Evaluate the difference in dietary intake of calories Calone and protem intake at baselme and end of "
and proteing treatment in intervention and control arms
Micronutrient substudy s ' wi _' EEE < : :
Assess vitamins A and D {25-hydroxyvitamin D) Level of vitamins A and D at basehne v v
levels
Body composition subsmdyf : . i e
Evaluation of body composition Estimate fat-free mass, fat mass and other v v
bioimpedance analysis parameters at baseline,
and 6 months after treatment
Substudy on grip strength _ S un :
Evaluate muscle strength using hand grip Grip strength at baseline and 6 months v
dynarnorneter
Substudy of imfnune furicticn L o :
Evaluate cellular immunity in patients and HHGC Lymphocyte subsets (CD4, CD8, natural killer v v

cells and B lymphocytes), fourth generation IGRA
at baseline and end of treatment

BMI, body mass index; EGOG, Eastern Cooperative Oncology Group; HHC, household contacts: IGRA, Interferon Gamma Release Assay; PTB,
pulmonary tuberculosis; RATIONS, Reducing Activation of Tuberculosis by improvement of Nulritional Status.

the HHC.” * The trial is being conducted in Jharkhand
(meaning ‘Land of Forests’) a state in eastern India which
has a high prevalence of undernutrition in children and
adults. According to the National Family Health Survey-4
{(2015~6), the staie has the highest levels of underweight
(47.8%), wasting (29.0%), and the second highest level
of stuntmg’(45 3%) in children under 6years of age in
India.'® ¥ Similarly, more than two of out of every five
(41%) of dclult rural women in Jharkhand had a BMI of
<18.5 kg/m”, and had the highest prevalence of anaernia
in adult women in India, (65.9%), which is largely related
to numitional deficiencies of iron and lolic acid. 9%

Oisjectives
The objectives and the outcome variables have been tabu-
lated in table 1.

Primary objective
The primary objective is 1o evatuate the effect of house-
hold nutritional supplementation in reducing TB inci-
dence among HHC of patients with microbiologically
confirmed PTB.

Secondary objectives in HHG

The secondary objective is to evaluate the effect of nutri-
tional supplementation on anthropometric indicators,
and non-TB infections morbidity and mortatity.

Secondary outcomes in index cases

To evaluate the effect of nutridonal supplementation on
adherence to treannent, mortality, frequency of adverse
effects due to treatment, performance status of patients
as measured by the Fastern Cooperative Oncology Group

Bhargava A, et al BMJ Open 2021;11:6047210. doi:10.1136/bmjopen-2020-047210
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(ECOG),™ and relapse of microbiologically confirmed
TB on follow-up.

Substudies: six substudies have been planned in a subset of index

cases and HHC

a. Dictary intakes: to evaluate the difference in dietary
intake of calorics, proteins at baseline, and at the end
ol treatment in a subsample of the patients in both the
arms.

b. Micronutricnts:  vitamin A (scrum  retinol) and
25-hydroxyvitamin D levels in a subsample of index pa-
tient and HHC at baseline.

¢. Body compaosition: to evaluate the difference in body
composition between patients in the two arms at base-
line and 6months by a multifrequency bioelectric im-
pedance analyzer (Bodystat Quadscan 4000).

d. Muscle function (grip strength) in a subsample of in-
dex cases at baseline, and end of treatment using a dig-
ital handheld dynamometer.

¢. Immnnce function: to evaluate select aspects of immu-
nity in index patient and their HHC before and after
uwcatment using the lymphocyte subsets (CD4, CDS,
natural killer cells and B lymphocytes) and kinetcs
of interferon ¥ responses (by CD4 and CD8 cells) in
a fourth generation Interferon Gamma Release Assay
{QuanuFERON-TB Gold Plus: QFT-Plus).

f. Qualitative study in a subset of stakeholders: a quali-
tative study will also be conducted in a subset of the
stakcholders (patients, contacts and ficld stafl) at the
end ol the intervention period to assess the percep-
tions and experiences of nutrition interventon.

METHODS AND ANALYSIS

Study design and oversight

This is a cluster randomised open-label parallel-arm,
supcriority trial of nutritional supplementation in house-
holds with microbiologically confirmed patients with PTB
in the state of Jharkhand, Fastern India. The study will
randomise 28 TB units (TUs) in four districts (Ranchi, Fast-
Singhbhum, West-Singhbhum and Seraikela-Kharsawan)
mto control and intervention arms, each with 1400 adult
PTB paticnts. 1t is supported by the India TB Research

Consortium of the Indian Council of Mcdical Research
(ICMR) and implemented by the Yenepoya (deemed to
be University), in association with the National Institute
for Research in Tuberculosis (ICMR-NIRT) and National
Institute of Nutrition. The enrolment began on the 16
August 2019.

Study setting: under the NTEP, each district has one
district TB centre and there are subdistrict administra-
tive units called TUs. The population is predominantly
rural (75%) and indigenous communities classified as
‘scheduled tribes’ who comprise 28% of the population
(national-8%) and are historically disadvantaged groups
with regard to social, economic and health indicators.
According to NFHS4, the prevalence of undernutri-
tion i Jharkhand was 23.8% and 31.6% in adult men
and women, respectively, significantly higher than the
national average.”’ A total of 44 000 TB cases were noti-
fied in the year 2017 when this trial was proposed.”

Eligibility criteria
The inclusion and exclusion criteria are mentioned in
table 2.

Inclusion criteria: adult patients (18 vears) with
microbiologically confirmed PTB (irrespective of diug
sensitivity) will constitute the index cases and will be
cligible to enrol in the study. The HHC will be persons
who have lived in the same house (and eating from the
same kitchen), for one or more nights or for frequent
or extended periods during the day with the index case
during the preceding 3months.

Exclusion criteria: an index case with no eligible HHC
and any HHC currently on treatment for TR will be
excluded.

Studly interventions

Nature and quantity

The study intervention includes macronutrients and
micronutrient supplementation along with nutritional
counseling as per national gui(“lc]'me&30 The index
patients (in both arms) and the HHC (in the intervention
arm) will receive a food basket and a recommended daily
allowance of vitamins and micronutrients cvery month, as

Index cases HHC

Inclusion criteria

Patients 18 years of age with
microbioclogically confirmed PTB

Persons living in the same house, eating from same kitchén as index case for
zoneg night or for frequent or extended periods during the day during the 3 months

before diagnosis in index case

Exclusion criteria
Non eligible HHC

Time interval betweery initiation of
treatment and enrolmentis > 14 days

Current smear or GeneXpert or LPA or culture confirmed TB

and cu‘k’gefitly ontreatment.. -

HHC, housshold contacts: LPA, line probe assay; PTB, pulmonary tuberculosis; RATIONS, Reducing Activation of Tuberculosis by

Improvement of Nutritional Status.
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Table 3 Nutritional supplementation in the RATIONS trial .

Intervention arm

Control arrn

Nutritional counselling
Bkg of rice -

tndex case®, quantity
per person per month:

8Ky reasted Bengal gram powder (ioc:aﬂy

Spalled as sattu) 0o

© 1B kgefmilk powd :
*B00mL. vegetable bl

“Qoe RDA of micronutrient
Nutritional counselling
5kg rice
1.5kg pulses (split pigeon peas)
One RDA of micronutrient per adult/
adolescent HHC

Household contactt,
quantity per person
per month

Half of this amount for children less than

10 years

HNutritional c&unsell;ng
Skg of rice.
3kg roasted Bengat gram powder (Iocaﬂy cailed as saﬁu)

B kg cf rm

Nutritional'c':ounselling
Usual food assistance available to eligible households
through public distribution system

“Approximately 1200 kcal of energy and 52 g proteins/day.
TtApproximately 750 keal of energy and 23 g of proteins/day.

HHC, household contacts; RATIONS, Reducing Activation of Tuberculosis by Impravement of Nutritional Status; RDA, recommended dietary

allowance.

described in table 3. This will be either delivered by the
study sta{l or way be picked up from a depot as per the
participant preference.

Frequency and duration

The food basket will be provided for 6months for new
patients and 12 months for patients with multidrug resis-
tant TB (MDR-TB) (and their HHC in intervention arm) .
Extension of the intervention period to 12 months, for
a patient with non-MDR-TB will be considered if there
is evidence of undernutrition (BMI: <18,5kg/n12) in the
index case even at the end of 6months. Extension of
rations to an HHC will be considered if an adult contact
has a BMT of <1 6kg/m2; children (<10 years) have weight-
forage zscore <-25D and adolescents (10-18 years) have
BMHorage zscores <-25D.

Nutritional counselling and assessing adherence

The paticnts and the HHC will be counselled about the
importance of a balanced diet for the nutritional recovery
of the patient and the protection of the health status
of the family. The families will be instructed abour the
optimal utilisation of the food rations in locally accept-
able food recipes.The field staff will undertake follow-up
visits to mtonitor weight gain (a proxy indicator for adher-
cnee) and check the empty packets of the milk powder ag
an indicator of consumption by the patient.

Go-interventions permitted during the trial

The patients as well as the HHC will continue to access
public  distribution  system, supplementary feeding
programmes (Integrated Child Development Services
Scheme, mid-day meals) as usual and additional INR
500/month as direct benefit transfer availed by patients
with TB in India. The eligible children under 6 years of
age wnd those with HIV infection who have been advised

by the NTEP staff to take chemoprophylaxis with isoni-
azid after an evaluation will continue to do so.

Risk assessment and referral

The patients will be evaluated for nutritional status,
oxygen saturation, blood pressure and presence of
complications at baseline and at follow-up. Patients with
severe undernutrition with oedema, extremely severe
undernutrition (BMIL: <I4kq/m2) breathlessness or low
oxygen saturation (SpQ,: <94) will l)e referred for inpa-
tient care as per national guldchnes

Randomisation and intervention allocation

This is an open label trial; the participants and field stall
are not blinded afier assignizent. All the TUs from the
selected districrs were line-listed (list of TUs is available
1n online supplemental file 1) and randomised equally to
both the arms by computergenerated random mumbers
using restricted randomisation by the statistician at ICMR-
NIRT, Chennai. The cluster allocation was kept confiden-
tial until the end of training of the field staff and the TUs
were ready for implementation.

Enrciment of index cases and HHG

Figure 1 describes the study flow. Consecutive patients
diagnosed with microbiologically confirmed PTB in
selected TUs will be enrolled after due consent process,
during a 6-12-month period. Information about the study
will be given to the HHC during a home visit by the trial
staff and enrolled after elicitation of voluntary writien
miformed consent. The need for adherence to treatment
and food rations, cooperation with study procedures, the
stability of residence and the willingness to permit home
visits will be discussed with the index cases and HHC
during enrolment.

Bhargava A, et al BMJ Open 2021;11:6047210. doi:10.1136/bmjopen-2020-047210
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Cluster randomized trial in 4 districts: Ranchi, East and West Singbhum, Seraikela-Kharsawan
Randamization of TU as z cluster using computer generated numbers (MS-Excel)

l

Screening eligibility for study

- Index cases: Microbiologically confirmed adult cases of

tuberculosis

Household contacts (HHC): Persons who have lived for ane or
more nights or for frequent or extended periods during the
day with the index case during the 3 months before the

diagrosis of current ifiness

kL 4

Exclusion:

Consent in patient participants
Consent and assent in HHC >

Index case: No eligible HHC in
household of index case
HHE: Current case of active
tuberculosis receiving anti-78

Control arm:

Foad rations to index case: 5 kg rice, 3 kg Sattuy, 1.5 Kg skimmed
milk powder, 500 mi oil with micronutrient supplement
Standard care to HHC: Nutrition counseling and available
standard of care under the National T8 Elimination Pragram

[NTEP}

treatment

l

Intervention arm:

Food rations to index case: 5 ka rice, 3 kg Sattu, 1.5 Kg skimmed miik
powder, 500mi vegetable oil with micronutrient supplement

Food rations to HHC: 5 kg rice, 1.5 kg pulses, micronutrient
supplementation (haif in children <10 years) along with Nutrition
counseling and available standard of care under the NTEP

Follow-up for two years after diagnosis of index

case

Assessment intervals: Monthly for first 12 months

antl 3 manthly thereafter

Figure 1 Study flow for the Reducing Activation of Tuberculosis by improvement of Nutritional Status trial. TU, tuberculosis

uhit.

Baseiine evaluation of index cases and HHC

The study procedures at baseline and follow-up are
denotedintable 4. Demographic characteristics, including
gender, occupation, caste, marital status, education, socio-
economic assessment with an asset score and education,
will be noted. The presence of selfreported risk factors
such as diabetes, alcohol tonsumption and tobacco usc,
and family/ history of TB will also be recorded.

Clinical examination of index cases

Weight will be measured with a digital weighing scalc
(SECA 803) with accuracy of 100 g, and hcight using a
portable stadiometer (SECA 213) with accuracy of 0.1 cm
using standard procedures. Mcan of two measurements of
wcight will be taken for caleulation of BMI. Undernutri-
tion is defined as a BMI of <18.5kg/m? according to the
underweight definition approved by the WHO.' Padents
will further be categorised into mild underweight in case
the BMI is 17.0—18.49kg/m2, moderate underweight if
the BMI is 16.0-16.99kg/m? and severely underweight if
the BMI is <16 kg/m” as suggested by WHO.* An addi-
tional catcgory of extremely severe underweight is used
to classify those with a BMI of 14 kg/m?> Mid-upper
arm circumlerence (MUAC) will be measwred to the
nearest of 0.1 cm on the non-dominant arm, if the patient

is unable to stand. Presence of oedema, blood pressure
using a digital instrument (OMRON) and oxygen satu-
ration using pulse oximeter will be noted. Assessment
of performance status will be done using ECOG Scale as
described in table 5.

Clinical examination in contacts

This will consist of anthropometric measurements like
weight, height, MUAC (if unable to stand and in children
under 5 years of age), the presence of oedema and BCG
scar.

Laboratory evaluation of index cases

The results of the sputum smear microscopy, cartridge-
based nucleic acid amplificaton test (CB-NAAT), Gene
Xpert MTB/RIF test, blood glucose and HIV tests (if
available) will be retrieved from the NTEP records.
Haemoglobin will be measured during the home visit
using HemoCue Hb 2017 using standard procedures and
precautions. Chest X-ray (CXR) of patients at baseline
will be done wherever feasible.

Laboratory evaluation of HHC
Symptom screening for TB will be done in all HHC and
CXR will be done wherever feasible as per the NTEP

6
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Table5 Eastern Cooperative Onpq_k;gy Group (ECOG) Scale for functional assassment®® o
ECOG categories Addmonal descrlption Score
Able to carry out normak activity without restriction No physicat restriction : i g

Unable to do physically strenuous activity, but ambulatory  Able to walk around the nelghbourhood but unab!e to 1

and able to carry out ilght work

do any income- generatmg work

Ambutatory and capable of aibself-care, butiinable tc carry Abfe to waik around the house and backyard 2

out any work; up and abaut <50% of wakmg hours

GCapabie of only limited self-care; confined to bed or chalr
>50% of waking hours

Completely disabled; cannot carry out any Self-care and
totally confined to bed or: cheﬁr )

" Unable to go to the bathroom -

Able to go to the bathroom ) - 3

guidelines.” In case of symptoms of presumpuve TB or
an abnormal CXR, the HHC will be referred for sputum
examination. Children with symptoms/abnormal CXR
will be referved for further evaluation by s putum smear
and CB-NAAT (if cough is productive} and induced
sputun/gastric aspirate, if unable to produce sputum at
a veferral hospital,

Follow-up of index cases and HHC

The emrolled index cases and their HHG will be
followed-up tor 2years after the diagnosis of the index
case. Jharkhand is a state with potential seasonal labour
migration from rural areas. All attempts (including tele-
phonic contact) will be made to retain follow-up in case
ol temporary migration with an in-person visit on their
return. Participants will be termed as lost to follow-up
it in-person or tclephonic contact is not made for =2
morths in the interventon period or for 26 months in
the follow-up period. All participats lost to follow-up will
be approached for an end of study evaluation to ascer
tain information on the primary and relevant secondary
outcomes,

The schedule of follow-up and assessments is described
in table 4. Evaluation will be done for current symp-
toms, any adverse cffect related to treatiment, adherence
to treatment and rations. All HHC will be evaluated for

symptoms of active TB on each visit, consumption of

rations (in intervention arm) and review of non-TB infec-
tious wmorbidity and mortality based on symptoms, hospi-
talisation or death.

Patients will undergo repeat sputum examination on
follow-up as per NTEP guidelines. Contacts that develop
any symptoms of active TB (pulmonary or extrapulmo-
nary) witl undergo appropriate investigations.

The cases of active TB in HHC will be classified as
co-prevalent or incident according to the time of diag-
tosis of the index case. A co-prevalent case is HHC diag-
nosed with active TB (microbiologically confirmed active
1B or as clinically diagnoscd TB) at the baseline, or
within 2months of the baseline screening and evaluation
of the HIIC. An incident case is a new case of TB in an
HHC (nicrobiologically coufirmed active TB or as clini-
cally diagnosed) that was diagnosed more than 2 months
following the initial negative screening and evaluation.

The definition of microbiologically confirmed case and
clinically diagnosed cases is as per table 6.

Gualitative study about the nutritional intervention

We will use a phenomenological approach to generatc
qualitative data through the in-depth interview of TB
patients and their HHC. The participants will be purpo-
stvely selected till conceptual saturation and triangula-
tion is reached, and will be interviewed using topic guides
prepared in line with the stuey objectives. Interviews will
be tape-recorded, transcribed verbatim and transitated
to English. Open Code software will be used to facilitate
analysis. This substudy will be conducted at the end of the
intervention period.

Discontinuation of study intervention and withdrawat of study
parlicipants

Study participants will be asked about consumption of
rations and micronutrients at every visit. Rarely, they may
choose to discontinue consumption of the study interven-
tion during the intervention period, due to an unrelated
illness or perceived adverse cffects. The reasons for their
discontinuation of study intervention will be recorded, but
these participants will remain in the study and undergo
protocolspecified follow-up procedures. However, if the
participant also explicitly withdraws consent for follow-up
and collection of additional information in addition (o
discontinuation of conswnption of study intervention.
the withdrawal of consent will be recorded, and only the
data collected prior to withdrawal of consent will be used
in the study. Study participants will be free to withdraw
at any time during the trial. The reasons for the with-
drawal will be documented, which may include refusal ol
follow-up, lost to follow-up, participant request, death or
if the study sponsors decide to stop or cancel the study.
Unless the participants withdraw consent for further
follow-up, attempts will be made to ascertain outcomes as
mentioned earlier.

Study outcomes

The primary outcome in HHC is the difference in
number of incident cases of active TB (all forms) in the
two arms by active case finding over a follow-up period
of 2Zyears. The secondary outcomes are improvement
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Table 8 Gase definitions for outcomes used in RATIONS f%iéls-

Outcome Case defmitlon

Active TB BRI e 'y patrent wnth msc;robiolagxcauy confxrmed TB or chmcaliy d:ag' = 18,
Microbiclogically conﬂrmed TB in adults A patient who has a positive sputum smear for Mycobacterium tuberculosm and/or
or children » Sputum/gastric aspirate is positive on CB-NAAT

» And/or positive on culture

Clinicaly diagnosed PTB.

Clinically diagnosed extra-PTB

A patient Who has sym;amms suggestzve of TB is smear- negatwe andfor negatwe
an CB-NAAT, and/or whd Has CXRis ,suggestwe of TB, and where thare isno
“alternative clinical diggnosis : -

A patient who is either negative on m:croblo!oglcal testmg and/or CB-NAAT

or where an appropriate specimen is not available, and the findings (clinical/
biochemical/cytological/histopathological/radiclogical or direct visualisation
procedures) are suggestive of TB, and where alternative diagnosis has been ruled

out
Clinically diagnosed PTB in childrer

-A patient who hias symptoms suggéstive of active PTB (fever, coug
¢r the absence of Welght.gdi), and/ara CxXRis suggest:ve OF IR, andthgreis =
absence of alternative diagnosie, who is negative an CB-NAAT &n ‘gastric aspirate

sight 1o s

er indused sputum,.or wher bactarsoiogmal cordirmation has nat.been possnme

CB-NAAT, Cartradge-based nucleic acid amplification test; CXR, chest X-ray; PTB, pulmonary tuberculosis ; RATIONS, Reducing Activation of

Tuberculosis by Improvement of Nutritional Status,

in the mutritional indicators over 6months, frequency
of malaria, diarrhoea, lower respiratory tract infection,
hospitalisation with fever of any cause or death with fever
of any cause less than 15 davs in duration in both the trial
aris.

The sccondary outcomes in the index cases are
successful treatment completion, TB-related deaths,
improvement in performance status, adverse effects and
recurrence of TB during 2-year follow-up. The ascertain-
ment of primary outcomes of incident TB in contacts is by
NTEP staff (not part of the trial team),

Participant timeline

The trial has a preparatory phase ol 3months for site
selection, staff recruitment and training, and preparation
of manual of procedures. The intervention phase will be
6months for drug-susceptible cases and 12 months in the
MDR-TB. The follow-up phasc will continue for 2vears
from the intiation of treatment.

Sample size sstimation
The estimated incidence ratc of PTB in the general popu-
lation in India is 217 /100 000 population (0.208 %).* The
incidence rate ratio of TBin HHC is 15.9 (IQR: 2.6-21.4)
compared with the gener al populatlon translating into
4% incidence in the HHG.® Assuming a higher burden
of TB and undermutrition in India, and recent emerging
evidence of significantly higher risk of TB disease
following infection in close contacts,” we considered
1B incidence in HHC to he 5% over the study period.
We assume 50% reduction in TB incidence at household
level with intervention.™

Our sample size considers design effect at three levels;
the TU level, the families of mdcx cases and finally their
HHC.® We assumed approximately 100 index cases
(80-120) and their families in a cluster per annum, a

correlation coefficient of 0.2 for the outcome in HHC
and 0.01 between members of the same cluster,”® and
thus a design effect of 6,75, Thus, a sample size of 28 clus-
ters with 2800 patients and approximately 11 200 contacts
equally distributed in both the arms would have 80%
power to detect 50% reduction of TB incidence in inter
vention arm with a type-1 error of 5%.

The substudy sanmple sizes were estiinated based on
the assumptions related to the objective of the substudy.
The sample size of 250 cases (125/arm) and 250 contacts
(125/arm) was based on the prevalence of multiple
vitamin deficiencies in patients with PTB,” and the prev-
alence of wtamm D deficiency in apparently healthy indi-
viduals in India.”

A sample size of 352 contacts (176/arm) was assumed
to be needed to detect a 10% difference in mean CD4
counts in the contacts of the two arms after 6 months of
intervention, with 90% power. This proportion is about
3% of the HHC and we will enrol a similar 3% of the
index cases (50/arm) to assess determine the immune
fumction at baseline and after intervention in them,

The sample size for the dictary intake substudy assumes
an SD of 525 keal, over a wide range of caloric intakes.*
Assuming a mean difference in caloric intake between
both the arms as 400 keal and 20% loss to [ollow-up, we
will enrol 45 contacts and 45 patients in each arm.

Data coliection and management

The data will be collected by field investigators working
in close collaboration with the NTEP staff. Study data
will be collected and managed using Research Flectronic
Data Capture, an electronic data capture tools™ hosted at
ICMR-NIRT. The data capture will be done real tme using
a handheld device, will be subjected to range and logic
checks and will be monitored by the project technical

Bhargava A, ef al. BMJ Open 2021;11:e047210. doi:10.1136/bmjopen-2020-047210
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team. A periodic quality check will be performed for aceu-
racy and completeness by the data management team at
JCMR-NIRT, which will minimise missing data. Appro-
priate imputation rmethods will be used for missing values
in the analysis if required. The fina! dataset will be acces-
sible to the investigators based in Yenepoya (deemed to
be University) and ICMR-NIRT and will be deposited in
electronic format with the trial sponsor, ICMR, at the ¢nd
of the study.

All essential trial documents and consent forms will be
stoved under fock and key at the recruitment site under
the supervision of investigators. Electronic data will be
password protected and the records will be retained for a
period of Sycars alter completion of the study.

We will counstitute a data safety management board
(DSMB) comprising of subject experts in clinical trials,
TB and nutrition along with independent biostatistician
and ethicist.

Apart from the regular monitoring by the project team,
there is periodic reporting to the ICMR, to the institu-
tonal ethics committee (IEC) of ICMR-NIRT. the trial
advisory committee and rhe DSMB.

Data analysis

The primary cutcome is TB incidence among contacts,
cxpressed as events per 100000 person-months of
follow-up. Follow-up is defined as time from date of
randomisation until the earliest endpoint, that is, docu-
mented TB discase or censoring (death, loss to follow-up
or cnd of the study).

Cox proportional hazards model, accounting for
varying follow-up times and clustering effect, will be used
to compare the rate of progression of TB infection to
disease among contacts between the arms and to assess
its association with risk factors. Unadjusted and adjusted
HRs along with their 95% Cls will be reported. The crude
effect of e intervention will be calculated using Kaptan-
Meier survival plots and comparcd using the log rank test.

The primary analysis will be intention to treat. Per-
protocol analysis will atso be done. The models will be
adjusted for relevant risk factors (age, smoking, diabetes
and duration of exposure) during the sensitivity analysis.

The secondary outcomes of change in weight and
z-scores in patients and THTHC, and the performance status
in patients, will be compared using unpaired and paired
tHests and Bonferroni correction for multiple compari-
sons. Lincar mixed regression models adjusted for age,
gender, TU, caste, asset scorc, family size and baseline
weight will be done.

The secondary outcomes of frequency of non-IB
morbiditics and deaths due to infections in the HHC,
and the frequency of deaths, adverse effects, defaults
and relapse in the index cases in the two arms, will be
compared using the * test and Cox proportional hazards
regression for time to first event.

The patients enrolled in the substudies will be compared
in their buseline characteristics as these have been drawn
by nonaandom sampling of paticnts from the main trial,

B

The changes in dietary intake of calories and proteins,
body composition parameters and lymphocyte will be
assessed among index and contacts, Interactions between
treatment and change in nutritionat and body COmposk
tion indicutors will be tested using likelihood ratio tests.

The cffect of subgroups will be analysed based on age,
gender, caste, residence, BMI, asset score and possession
of below poverty line card, alcohol use and family history
of TB. A p<0.05 {two-tailed) will be considered statistically
significant, All data will be analysed using STATA V.16.1
(StataCorp, Texas, USA).

Interim analysis will be performed on attaining 50% of
outcomes in the control arm (approximately 230 cases)
with p<0.0054 as statistically significant. The final analysis
will be done at the end of attainment of planned sample
size and completion of follow-up, considering p<0.0492
as statistically significant.

Harm

The intervention involves locally consumed food items,
which are part of the daily dier and hence no specific
adverse events are expected. Patents who have lactose
intolerance will be offered alternatives. The possibility
of ‘re-feeding syndrome’ in severcly undernourished
patients will be prevented by training the ficld staff to
offer a graded increase in food intake in such patients.

Ethics, participant information and consent

Ethics clearance has been obtained from IEC of ICMR-
NIRT, Chennai (NIRT-IEC nwiniber: 2018020), to which all
the amendments of the protocol will be communicated.
Patients and their HHC who arc enrolled in the study will
receive a detailed ‘Participant Information Sheet’ in local
language before administering the informed consent. A
separate consent form will be used for the adult partic-
ipants enrolled in the substudy on micronutrient status
and immune function. No blood specimen will be stored
for any [uture usec. A unique numerical code will be
allocated to each participant for purpose of their iden-
tilication and for maintaining confidentiality. Personal
identifiers will be deleted in the final research database
for analysis. All forms with personal identifiers will be
under lock and key with the trial team.

Responsibility for ancillary care during the trial

Any index case or HHG found to have an acute illness
other than TB during the follow-up visits will be facili-
tated by the field staff to reach the nearest government
hcalth setup.

Patient and public invelvement statement

Patients were not directly involved in the development of
the research question. The components of food basket
were discussed with community health workers during
the preparatory phase of the trial. The training of the
field staff mwvolved interaction with TB survivors and two
of the field staff in the trial ave TB survivors.
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Dissemination plan

The impact of nutritional support on TB incidence and
outcomes in this trial will be of relevance to NTEP, India.
The results will be disseminated through publications,
conference presentations and briefs for the programme
managers, Jharkhand's deparunent of health, policy-
makers and other stakeholders. We intend to share the
published results in simple language with the participants
and community leaders.

Trial status

The trial was started on 16 August 2019 after trial regis-
tration and an intensive 2weeks training of 56 field staff,
two project consultants and one project director by state
NTEP staff, nutritionist and specialists in TB, ethicist, TB
champions, communication experts and social scientists.
We have enrolled 2488 index cases and 9125 HHC in the
trial as of 31 October 2020.
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Abstract

A qualitative study was conducted during the RATIONS trial to explore the per-
ceptions, experiences, and expectations of participants and stakeholders on the
acceptability, benefits, and feasibility of the nutritional intervention to complement
the trial findings for deeper exploration into why and how of these findings and
other ailied themes. Using purposive sampling, we recruited 58 individuals for 22
in-depth interviews (IDI) and four focus group discussions (FGDs) between Janu-
ary and June 2022. These included 12 patients with TB, six household contacts,
and other stakehoiders (18 trial members, 18 government community workers,
and four National TB Elimination Program (NTEP) staff). All IDIs and FGDs were
audio-recorded, transcribed, and translated. The codes were generated using

an inductive process and categorized manually into themes, with direct quotes
describing the themes. The intervention was found to be acceptable in terms of
cultural compatibility, quality, quantity, and duration; considered beneficial in help-
ing tolerate the adverse effects of medications, weight gain, and resuming work;
and was considered life-saving by many during the COVID-19 pandemic. Other
observations included food-sharing in the control arm, inability to regain pre-
disease functional status despite weight gain, and preference for in-kind support.
Community health workers expressed confidence in its feasibility and willingness
to take responsibility for its implementation. The NTEP staff considered it feasi-
ble if necessary resources were provided. This qualitative inquiry reflected the
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perspectives and lived experiences of households experiencing poverty, food
insecurity, TB and the stakeholders serving them. Their voices are relevant in
framing policy and practice in the NTEP and future research in India and similar
low-resource settings. The food-based intervention was perceived as accept-
able, feasible, and beneficial for the recipients and the NTEP. Opinion on cash or
support in kind was divided; many preferred in-kind support over cash, but others
expressed a requirement for both.

Introduction

Tuberculosis (TB) is one of the most widely prevalent infections, affecting 23% of
the global population [1]. An estimated 10.8 million people fell ill with TB in 2023,
with 1.25 million dying from TB in 2023, the highest with any single pathogen [2].
As a quintessential social disease, poverty is & major factor that affects both the
exposure to M. tuberculosis and the outcomes of TB infection [3]. Undernutrition
is an important factor associated with poverty that mediates its risk of active TB,
leading to immunclogical dysfunction, referred o as nutritionally acquired
immuncdeficiency syndrome [4]. It is the leading risk factor for TB incidence
worldwide, accounting for as many cases annually as due to HIV and diabetes
combined [Z]. Also, undernufrition is a widely prevalent comorbidity in persons
with TB (PwTB) and is a consistent risk factor for TB mortality [5]. A Cochrane
review was inconclusive about the effect of nutritional supplementation on
treatment outcomes in PwTB [6]. However, the WHO recommended nutritional
assessment and counseling for all PwTB and support to seme groups as integral
components of TB care [7].

The Reducing Activation of Tuberculosis by Improvement of Nutritional Status
{RATIONS; trial, a cluster-randomized trial of nutritional intervention in PwTB and
their HHCs, in a setting with a high prevalence of poverty, food insecurity, undernu-
trition, and a low prevalence of HIV and drug-resistant TB, addressed this evidence
gap [8]. This was the first trial globally to estimate the effect of nutritional supple-
mentation on TB incidence in a group at high risk of developing TB [9]. The trial
population consisted of 2800 PwTB and 10,345 HHCs [9,10]. For ethical reasons,
the documented high prevalence of severe undernutrition in PwTB in India and
recommendations for nutritional care in a national policy document [11-13], PwTB
in both trial arms received a monthly food basket and micronutrients for the treat-
ment period (Table 1). The HHCs in the control arm (1400 families) received a food
basket and micronutrients based on family size for the treatment period of the index
PwTB. The primary outcome was the difference in the TB incidence in the HHCs
in bath arms aver a two-year follow-up period [9]. Secondary outcomes included
the nutritional and clinical outcomes [1Q]. This trial was registered with CTRI-India
(CTRI/2019/08/020490).

This paper reports the findings from a qualitative sub-study of the RATIONS
trial. The sub-study assesses trial participants’ and stakeholders’ perceptions,
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Table 1. RATIONS Study intervention.

B Intervention arm i : Control arm
Index case 5kg of rice 5kg of rice
(1200 Kcal of energy and 52 gm 3kg roasted Bengal gram powder (locally calied as sattu) | 3kg roasted Bengal gram powder (locaily called
proteins) 1.5kg of milk powder : as sattu)
: 500 ml vegetable oil “1.5kg of milk powder

One RDA of micronutrient 500 mi vegetable oil
- o o one RDA of micrenutrient
Housetold contact 5kg rice Nutritional counseling

1.5kg pulses (split pigeon peas) Usual food assistance through the public distribu-

One RDA of micronutrient per adult/adolescent HHC tion system

_, Half of this for children less than 10 years.

Source: RATIONS Protocol [8]; RDA=Recommended Dietary Allowance.

hips/fdolorg/10.437 Viowrnal.paph. 00042 19,1001

experiences, and expectations on the acceptability and feasibility of this food basket-based intervention. These have rele-
vance to guideline development for programmatic implementation and future research [14].

Methodology
Study design

Study setting and context

The trial was conducted in association with the National Tuberculosis Elimination Program (NTEP) in four districts of
Jharkhand in eastern India [8]. Jharkhand (“land of forest”) is rich in mineral resources and has a significant forest cover
and a hilly terrain. More than three-quarters of its population lives in rural areas, and more than a quarter comprises
scheduled tribes (8T), a marginalized set of communities. Two-thirds of the participanis in the trial were tribals, reflecting
their higher proportion in the selected districts.

Jharkhand has many tribal groups: the Mundas, Gonds, Santhals, Ho, Craons, and Bhumij [15]. They continug o fare the
worst in terms of income, education, health, nutrition, prevalence of TB, access to health services, and nearly half are classified
as suffering from Multidimensional poverty [16]. infant and under-five mortality, nutrition indicators like wasiing and stunting in
children, and thinness and anemia in adults are higher compared to other social groups [17]. The World Bank reported that 55%
of tribal households had some degree of food insecurity throughout the year [18]. The prevalence of TB in tribals is more than
double the national average (703/100,000 vs. 316/100,000}, and in some communities like the Sahariyas, it is almost 10 times
[19-21]. In Jharkhand, agriculture is the backbone of the rural economy, revolving around a single rain-fed rice crop. Food inse-
curity is worse in the pre-harvest monihs of September to November due to small land holdings and subsistence farming [18}.

Participant types

The participants in the qualitative sub-study (Table 2 and $1 Table) included the PWTB and their HHCs equally repre-
sented from the intervention and the control arms, the Sahiyas, the NTEP staff, the trial field staff that anchored the
regular follow-up of the families, and the food delivery, two project consultants who supervised the field staff through field
visits, checked food stocks, prepared the monthly rations procurement order, and liaised with government program staff.
Sahiyas ("ferale friend” in the locat language) is the local name for Accredited Social Health Activists (ASHAs), the com-
munity health workers associated with the National Health Mission [22]. Among many preventive and promotive health
activities they conduct, the TB component includes case-finding, facilitating diagnosis and treatment, and enrolment in the
scheme for direct benefit transfers (DBT), a monthly cash transfer for all PwTB under the Nikshay Poshan Yojana (NPY)
fo support nutritious food during treatment [23].
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Table 2. Participant profile of the qualitative sub-study of the RATIONS trial.

Participant characteristics (N=58) ‘ ) N (Percent)
Age group 1829 =TI
3039 %2852
(4049 469
- 5080 9(155
Sex ‘Male 34(58.6)
| Female _ 24 (41.4)
Education - Nol adequately literate 6 610‘4)
Primary School 5(8.6)
_High School 21(362)
'Graduate 16(276)
Post Graduate 8(13.8)
| Notmentined 204
Cccupational status Unemployed 81 5.8)
: Employed 50 (86.2)
Type of participants Patients with TB 12(24.1)
Household contacts* 6(10.3)
RATIONS field staff 16* (25.9)
Sahiyas 18 (31.06)
. RATIONS Project consultants 268
o NTEPS@ g
Type of data collection (n=28) In-depth interview 19 (73..157
Focused g_rqﬁp discussion® 4(154)
_iGrowpineiew 3118

" 2 Housenold Contacts were also Sahiyas; *1 field stafl was also a TB survivor; ® 6-10 Sahiyas and 810 field staff present in each FGD.

https:fidoi.org/10.137 1ournal.pgnh. 6004219010062

Research team attributes

The gualitative sub-study was anchored by social scientists from the Forum for Medical Ethics Society (FMES) with exten-
sive experience in qualitative research and ethics, uniquely providing a third-party independent perspective. The lead trial
investigators had experience spread over two decades of working with marginalized tribal communities in central India
and researching interactions between TB and nutrition [24]. Their long-term engagement with the NTEP, involvement in
the trial conceptualization and its conduct, and experiences with the implementation of the intervention helped the stake-
holder mapping, framing the in-depth interview (IDI) and focus group discussion (FGD) guide, and interpreting the data.

Sample size

The eligibifity criteria for this study included those above 18 years of age, trial participants (PwWTB or their HHC), or stakeholders
in the RATIONS/NTEP who agreed to participate in this qualitative study. The sample included an equal number of participants
from each arm of the tral, with the representation of households from urban, rural, and remate lacations as well as different
communities. The trial participants were relatively homogeneous, with mare than two-thirds belanging to indigenous communi-
ties with similar problems of poverty and food insecurity and challenged by a similar disease and its consequences. We ceased
to recruit participants when it was felt that no additional themes or insights were emerging and data saturation was achieved.
The gualitative sub-study was located within a large cluster randomized nutritional intervention trial with a substantive quantita-
tive component. The qualitative sub-study was conducted within the context of quantitative information emerding from the trial.

PLOS Global Public Health | hitps:doi.erg/10.137 Hiournal.pgph.0004219  April 28, 2025 4718
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Sampling and recruitment strategy

The study used a purposive sampling framework with participants and stakehoiders across urban/rural geography, com-
munity groups, and social class. The trial field staff helped recruit PwTB and their HHCs and Sahiyas, while the trial inves-
tigators helped recruit the field staff and project consultants. The NTEP program staff were recruited with inputs from the
trial team. None of the participants declined participation.

Data collection technigues and tools

The RATIONS trial ended in August 2022, and the data collection for qualitative inquiry was done from January to June
2022. The overall contours of the semi-structured interview guide were adapted suitably for the respective stakeholders.
The interview guide was designed in English; however, the interviews were conducted in Hindi. The IDis of trial partici-
pants occurred at their residences, and all FGDs were in community halls (the Panchayat Bhawan) or district headquar-
ters. Participant IDis began with general questions followed by probes when required (S1 Text). The general questions
included, "Can you tell me about your experience as a PWTB/HHC/RATIONS project consultant/NTEP staff? Can you tell
me about the food basket? and can you tell me about your main challenges?’ The FGDs began with general questions
followed by probes when required (82 Text). These included, “Can you tell me your role in TB care? What do you know
about the RATIONS project? How are you engaged in it? and can you tell me about the challenges of RATIONS-like food-
based intervention?”

During data coliection in the field, all the prevailing infection prevention guidelines of the COVID-19 pandemic were
followed. Alt data collected was face-to-face except online 1DIs with the two project consullants and one with senior NTEP
staff. All interviews were conducted in Hindi, and in some, the aid of a local interpreter was utilized, and leading questions
were avoided as far as possible. The duration was 90 to 120 minutes for IDls and up to 180 minutes for FGDs.

Data processing and analysis

interviews were continued till HP and SS identified data saturation. All audio-recorded interviews were transcribed ver-
batim, transiated into English by SS, and cross-checked by SSB. Both repeatedly read these to identify any grammatical
errors or consistency of the meaning. Additionally, investigator triangulation was used to understand some of the technical
terms related to TB and NTEP and to improve the credibility and validity of the resuits. This was done by consistently dis-
cussing and reconciling the context of keywords, broader concepts, and terminologies among the research team through-
out the data collection process. For the analysis, similar responses were coded and grouped. Codes were generated
using an inductive process and manually categorized by the social scientists in the team into themes and sub-themes.
Direct quotes were employed to describe the themes.

Ethics

Written informed consent was obtfained from all participants: the PwTB, HHCs, project staff, the Sahiyas, and the NTEP
staff. Appropriate privacy and confidentiality measures were undertaken, and data were anonymized. The RATIONS trial
received ethics approval from the indian Council of Medical Research — National institute of Research in Tuberculosis
ethics committee (ICMR-NIRT: 2018020), Chennai. Only FGD participants were provided refreshments due to its time-
intensive nature, and there was no monetary compensation for participation.

Measures and techniques to enhance the quality of data

Any RATIONS trial team member known to the trial participants was not part of the IDI to ensure rigor and credibiiity. Sim-
ilarly, during the FGDs with Sahiyas, nc government health staff were present. The lead investigators recused themselves
during FGDs and 1Dis of the field staff and project consultants.
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Results

The stakeholders’ perspectives that emerged consisted of not only those related to the stated objectives fike ascertain-
ment of acceptability, content of food basket, and its benefits in terms of weight gain and ability to work but also the
unstated aspects of the intervention. These included positive experiences of being cared for, well-being, personhood,
and dignity. The resuits are organized around the themes that emerged in the content analysis and supported by relevant
quotes, also represented in Table 3.

1. Acceptability of the food basket

We explored the participants’ views regarding the acceptability of the food basket, palatability, ease of cooking, and quality
compared to their usual food, as described below.

1.1 Cultural compatibility. Almost all participants asserted cultural compatibility of the intervention, along with good taste.
Some mentioned that ‘sattu,” although available in the market, is unaffordable and was mainly for special occasions/ffestivals.

“ liked it all. ... | used to make sattu balls/iaddu and eat. ... Milk powder, | mixed water; i made rice and used oil to cook
vegetable curry.” (Female PWTB)

The diverse ethnic communities have their own specific food-related cultural practices. They have certain similarities and
differences regarding their food preferences. Several meat items were desirable inclusions in the interactions with varied
preferences across ethnic communities. This and certain commonalities justified the content of a “desirable” food basket.

“Like some (ethnic groups) eat suvar (pork) and some don't. But most eat meat, fish, and eggs ... (Therefore,) the food
basket could be the same for all. All consume eggs. Santhal, Munda, Mahato, Karmakar, and even Brahmins eat eggs.
{And) meat. fish can be there, but not all eat it.” (Male PwTB)

Tabie 3. Themes of the qualitative inquiry in RATIONS study and representative quotes.

Theme . Representativequote Participant
Acceptability of the food “We are Munda. We have Munda, Gopa, Kurmi, Lohar (artisans engaged Male PWTB
basket . with fabrication and ironwork), and Santhals in this village. Eating habits
. (of all these ethnic/ artisan groups) are almost the same but {with) some
- differance.”

Perceived benetits of the

| “My mother became betler soon with ration. We did not find it difficult to | Female HHC
foad basket i give her the food she needed. She was very weak, but after gelting food,
. i pherweightincreased” , B R
Quantity and content of i “It is good, but some patients say it would have been betler if eggs had Sahiya
food basket been given.”
Duration of support ‘"It is given for the patient's welfare, so it can be stopped when the patient Female PWTB
| becomes healthy. But if the patient is not okay, it should be prolonged.”
Resource constraints in TM...owe would not pay altention to our diet as we go to wosk and some- i Male PWTB
TB-affected households times sleep without food only.”
Food insecurity and the “COVID-18-related lockdown worsened the livelthood and food availability. i Male project consultant
COVID-18 pandemic : Our patients badly needed the food basket, but the police used to drive i
] - ] _Ihe field staff away initially (during lockdown). It was lough.” i
Feasibility, mainstreaming, - “Send the food ration according to the number of patients in each village | Sahiya
equity, including cash vs. fand drop it off at the Panchayaf office. We will collect it and deliver it to !
kind - the patients. At village level it is easy.”

“If | were to choose, | would choose food over cash. If you want to give
' both, that is also fine”

Stigma i "All this {stigma) is present among urban peoble, not in olx‘J.‘rrvi‘Ii‘aQes;'i . ] ” Maie Medical Oﬁlcer, NTEP

hittpss/fedoLorg/10. 337 Hiournalk. pgph. 00042 19,4603

PLOS Global Public Health | hitps:/doi.org/10.137 journal.pgph.0004219  April 28, 2025 6/18




. Global Public
PLOS - Health

1.2 Quality of the food basket, its comparison with their regular food. All trial participants unambiguously
expressed satisfaction with the quality of the food basket. Many felt it was far better than what they usually eat and
mentioned that the public distribution system (PDS) must also provide additional grocery items.

“What they gave was good and tasty. We get saftu iin the market, but the sattu they gave we won't get in the nearby
shop, not as good.” (Male PwTB)

We further probed the quality by comparing food baskets with PDS food, one of the largest social welfare schemes
of fair-priced government shops on which many poorer families depend across India. These insights are relevant as
PDS can be a good strategy for the scale-up of the intervention in the future. Broadly speaking, three distinctive factors
emerged in this comparison: the diversity of food items, the quantity, and the quality.

“There is much difference between the rations we receive from the PDS and what they gave. (For example), they
(PDS) only give rice, and here (in the trial food baskef) we get sattu, milk and better rice.” (Male PwTB)

2. Perceived benefits of the food basket

2.1 Improvement in weight and strength. The expression of benefits and gratitude varied according to the
participant's needs, vulnerabilities, and lived experiences. An important message underscored a positive experience of
feeling better, gaining weight, and gaining strength.

“l was a very thin person earlier. This food was good for me as it increased, almost doubled my weight.” (Female
PwTB, physical disability, Indigenous community).

The benefits went beyond ‘fegling better’ {o positively impact other spheres of fife, such as schooling, sports, and a
sense of well-being.

“I had stopped my studies and playing on the ground when | had the diseass. Now, | have starfed fo play volleyball.”
{Male PwTB, youth)

2.2 Better adherence to treatment due to lesser side effects. Participants drew a link between “powerful” TB
medicines and the favorable impact of adequate good food from their lived experiences. Many highlighted that TB
medicines could have been difficult to consume without the food basket, essential for treatment adherence, vital to
achieving a cure, and important programmatic implications.

“If I had not got the ration, it would have been tough for me. The medicines are so powerfuf that | would have died.”
(Male PwTB)

The complex relationship between undernutrition, TB, side effects of medicines, lack of compliance, and drug
resistance was explained by a senior medical officer of tribal origin who has been working in the region for>25
years:

“Side effects of TB medicines are more in mainourished patients. After some time, he will stop eating food due to vom-
iting. We will knaw about it anly when we do the follow-up, and then we will restart medicines. This irreguiarity would
ultimately develop drug-resistant TB.” (Male Medical Officer)
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2.3 Effects on outcomes like death and recurrence of TB. The focd basket played a role in patient-centered
outcomes. Moreover, these are also important from the NTEP perspective: TB deaths and recurrence. The Sahiyas, who
were uniquely placed to compare patients within and outside the trial, shared their observations regarding the benefits of
the food basket.

“Those who received food baskets improved completely. They gained weight. Another patient on treatment migrated
somewhere, but he died there. ... All those who received food baskets are doing well now, but those who did not
receive them have got TB again.” (FGD Sahiyas)

2.4 Other collateral benefits: the positive community impact. We noted some coliateral benefits of the trial team’s
engagement with the families. For exampie, a HHC developed TB and was not eligible for a food basket. However, due
to the knowledge gained about the type of diet that would be heneficial, the family attempted to maintain a diet like the
trial diet. The positive impact on community food practices, thus, goes beyond TB. The home visits by the field staff and
periodic checkups were added benefits.

“We would not have come to know about all this, and we would not have this knowledge, such as how TB occurs, how
it spreads, what food is needed to prevent it, and which medicine we should take for this disease.” (Male HHC)

The lived experiences of individuals brought unique insights into how they perceive the relevance of such an
intervention.

“When | had TB, we had fo go o STS (Senior Treatment Supervisor), and he would reply to our questions. But no one
visited our house to help us understand diet and lifestyle, not when | had TB."(female field staff and TB survivor)

3. Expectations regarding the food basket: quantity and content

During the interaction with patients, their families, and Sahiyas, various expectations regarding the content of the food basket
were expressed for a possible rofl-out on a large scale. Eggs and non-vegetarian items were often included in this wish list.

“I will take potato, all kinds of vegetables such as tomato, brinjal then dal and rice. If possible, | would like to have meat
{once) in a week.” (Male PwTB)

Some other Sahiyas mentioned during the same FGD “potatoes, sugar-flavored branded supplements, soyabean.” But
then immediately, someone in the group quipped that if we demand more, even those getting the food basket will not get
it. About the quantity, most felt it was okay, and some wanted more. The trial participants in the control arm appeared to
share with others, especially with children.

“The quantity of ration should vary by region. People in the village work hard and need more food. In cities, they sit
in the workplace and drink milk and nutritious food, but village people do manual work and eat less nutritious food.”
(Female HHC)

4. Duration of support, regaining strength, but not enough to resume work

Several study participants expressed that although the food basket was helpfui and they had recovered, they have not
been able to resume work, often labor-intensive, primarily because they continue to feel weak.
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“I was a mason. | felt as if having gained strength but not as much as before disease. The ration provided surely helped
improve my health. ... butl feel weak even now and am just staying at home.” (Male PWTB)

The food basket was responsive fo their nutritional needs, and the benefits transcended TB recovery to improve health,
but at times, not sufficient to resume their earlier work. Considering the high prevalence of severe undernutrition in PwTB
in the trial, a significant proportion remained underweight at the end of freatment. The food basket was extended for these
patients.” A patient with TB and diabetes who was underweight and regained normal weight put it across very well,

“if & person becomes healthy, then they can stop giving ration, but if someone is still weak, then they should continue to
give them the food for their health."(Male PwTB)

Areflection of the understanding of the compiexity of such an intervention by the government, the extent to which it can
be done, and the general sense of resource constraints of public spending were evident in the expression that they do
not wish to receive the support for a protracted period than the health of the patient warrants.

5. Resource-constrained circumstances of households affected by TB

We encountered trial participants who did not consume milk reguiarly. Often, participants had limited food items or only
one or two meals during the day and nothing else.

“We don’t have not much. | ate only one or two meals and used to eat very litile then. (Before receiving the food basket)
My meal used to be Alu ka sabji (potato side dish), rice (only), and this much (showing with hand).” (Male PwTB)

Several trial participants rarely included sattu and milk in their diet. Some mentioned reasons like limited purchasing
capacity, but many did not mention any specific reasons, with an unstated dignified silence that did not escape the inter-
viewers. Limited financial resources, dependence on contractual work, often involving heavy manual labor, and overall
subsistence-based livelihcods implied precarious living conditions that can quickly worsen with TB. Loss of livelihood and
poor strength to resume work with no reserve to sustain the difficult times worsened the situation for these families. This
became especially evident when an incident TB case developed in a household and the intervention could not be provided
to them, and the DBT was delayed.

“In my house, there was very little food. Our didi (Sahiya) and everyone else said | must eat good food because medi-
cine is powerful. They said | would gef money (not ration). That also | did nof get fill now.” (Male HHC)

6. Food insecurity and the COVID-19 pandemic

With the loss of livelihood and lockdown, the pandemic worsened the aiready precarious conditions for the community.
It shaped the views on the intervention for the trial participants and the field staff who faced many difficulties during the
pandemic.

“We had to give food to my father on time, and we had also to feed everyone in the family. So, this food was lifesaving.”
(Female HHC)

“I like to say that during COVID, people used to say that they survived because of this food, otherwise, we would
starve. In the RATIONS frial, we could see sensitive issues such as hunger and poverty very closely.”(Male field staff).

7. Feasibility, mainstreaming, and equity

We spoke with the Sahiyas, field staff, and NTEP staff about possible feasibility issues, and many were willing to contrib-
ute as they felt it was essential despite the challenges.
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7.1 Sahiyas. The Sahiyas were willing to get involved with the logistics if this was rolled out at scale. However,
they mentioned that there should be good supportive supervision and monitoring as they do not want to be accused of
pilferage.

“As Anganwadi workers (India has an Integrated Child Development Services Scheme where preschool children have
informal education and supplementary nufrition, among other things) bring their goods, we will aiso unite fo do the
same. We are 4 in a village and will come together and do it in a tempo (small goods carrier vehicie). We wili do any-
thing for the patients.”(Sahiyas)

7.2 Field staff of the trial. Apart from food delivery, the connection of the field staff with their assigned 80-120
households was an important aspect of care. This takes the issue from beyond feasibility to humane care for patients with
problems like TB, where patients often experience stigma and discrimination.

"One patient, when | took his arm to take BP, he started crying. When | asked him about it, he said that the doctor never
touched him in the hospital. He made me sit far away and talk and prescribed medicines (o me from a distance. You
are the first person who has touched and is talking to me face to face."(Male field staff)

The field staff expressed difficulty distributing the food basket on top of the rigorous data collection for a research trial.
During the peak of the trial, with enrolment and follow-up of already enrolled patients, the difficult-to-reach areas or the
scattered hamlets were especially challenging. But gratification was also expressed by most.

“The geographical situation here is such that the villages are scattered. So how many people can you visit in one day?
But it feels good when you do something for someone.. ... Every job provides you money, but only a few provide ulti-
mate pride and satisfaction.” (Female field staff)

Far feasibility, it is essential to mention the acceptability of project field staff delivering food baskets at the doorstep.
While most participants were happy to have it delivered, there were challenges initially with some families. Villagers
would gather and ask many questions due to {rust issues. Things improved gradually with the improvement in the
health of the trial participants, appropriate explanations by Sahiyas, and other sociccultural methods employed by the
field staff.

“We drank their water, ate food that they offered, and they start trusting us once we heip them in an illness and facilitate
investigations.”"(Male field staff)

7.3 NTEP staff. The feasibility aspect was also discussed with the NTEP staff, if the intervention was scaled up to
include all PwTB at the district level. While most agreed that this is needed, a senior NTEP staff foresaw challenges of
procurement, storage, and distribution, which can be overcome by budgeting appropriately for human resources

“Even if done on & big scale, | do not think it should cause many problems because patient numbers will slowly reduce
(with this intervention).”(Male STS)

7.4 Who should receive? The equity lens. The equity aspect of who should get it was discussed in various ways:
whether food should be given to only microbiologically confirmed PWTB, all PwWTB, or their entire households. The
responses brought to the fore the challenges that the NTEP staff can face if it is done selectively, especially in food-scarce
settings and the foreseeable issue of food-sharing. The Sahiyas expressed that it was uncomfortable for them that some
patienis who were part of the trial received food and others did not:
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“All patients shoild get food. If food is given to all, the patient will recover quickly, and the disease will not spread. Most
of them are poor, so all should get.”(Sahiya)

Food sharing was especially common in the control arm, with a female index patient, when there were toddlers or more
children in the family. One of the grandmothers, who was also a patient, said,

“1 give the milk powder to my grandson when | have it” (Female PWTB)
For extending food to HHCs, the responses were “yes” and “no,” each qualified appropriately.

“No, the nutritious food is for the patient’s good health; they are taking medicines, and there are side effects. Why give
it to the whole family?” (Female HHC).

On further probing these divergent opinions, the choices and preferences were rooted in the understanding of eco-
nomic constraints. The resource constraints and possible non-feasibility for the government in supporting the food pro-
vision for the entire household of all PwTB might explain this divergence in the response. This was despite their own
microcosms against the backdrop of difficult personal circumstances and limited financial capabilities.

7.5 Cash and/or kind. Most participants felt that both cash and food in kind are important. But when asked to
choose, many felt that food is better than cash, which may get spent on things other than nutrition. The divergent opinion
was also based on the presumption that patients will use the money on unnecessary expenses, including the possibility of
alcohol. But at the same time, cash could be used for the food of their choice.

“Considering the present situation, Rs 500/- is not much for the patients. Maybe this amount needs to be increased.”
(Male STS)

“I would choose food and medicine. To get well, we need medicine, and to become healthy, we need food. It will be
difficult for TB patients to go ouiside and buy the food items needed for their health.” (Male PwTB)

However, it is important to note that branded and chocolate-flavored powders advertised as energy boosters were com-
monly mentioned during many interviews.

8. Stigma

Stigma can be reflected in keeping distance from TB patients and their families, and at times, it couid even lead to ostra-
cism - subtle or obvious. Stigma was more prominent in urban areas than in rural and tribal communities. Insights from
one of the field staff, also a TB survivor, were helpfui.

“A girl with TB was of marriageable age, and the family did not disclose this as it would hamper her prospects of mar-
riage. We were told not o visit their house with rations, and they came and collected it.” (Female field staff, TB survivor)

However, we also heard voices stating that once TB was cured, there was not much to worry about the marriage pros-
pects of PwWTB, especially in the rural and tribal areas. Pracitices 1o prevent the spread of infection can also be construed
as stigma or can give rise to perceived stigma by the patient.

We probed the possible stigma related to ration being delivered, which has implications for programmatic scale-up.

“Nothing like that. Even when brother (field staff) used to come to give food, neighbors used to ask why they were com-
ing. We just told the reason.” (Male PwTB)
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Discussion

The qualitative sub-study of the RATIONS trial reaffirmed the felt need for food-based intervention in PwTB and
their household contacts. There are valuable additional insights into the possible composition of the food basket,
the acceptability, the feasibility, the perceived benefits, and the background conditions like poor nutrition and food
insecurity. Many participants alluded to food insecurity, manifesting in the unaffordability of nutrient-dense foods
like sattu and milk powder to even cutting back on the number of meals consistent with moderate to severe food
insecurity definitions by FAC [25]. Undernutrition is most commonly due to food insecurity, which “is the limited or
uncertain availability of nutritionally adequate, safe foods or the inability to acquire foods in socially acceptable
ways [26]." The trial had > 80% of the PwTB [10]}, and>1/3" HHCs with undernutrition [3]. The background to this
is poverty [16], in which people develop TB, further exacerbated by the inability of the breadwinner to work, which
creates a vicious cycle.

Food insecurity is widely prevalent in India [27], including moderate to severe food insecurity in households with PwTB
[26,28], which is linked with many adverse outcomes [29]. In the recent comprehensive national nutrition survey, 3 of 5
adolescents did not have access to nutritious foods like fruit or milk even once a week [30]. In the National Family Health
Survey-5, more than haif of adults did not consume any pulses daily, nearly half did not consume any dairy products or
dark green vegetables, more than 80% did not consume any fruits, and more than 80% did not consume any eggs or flesh
foods [31]. Household food insecurity was strongly assaociated with the development of active TB in children (aOR: 11.55)
[29]. Food insecurity is atso finked to treatment adherence [32], and clinical outcomes in PwTB, with a fivefold higher
risk of death [29]. The need for a food basket in such a situation was evident by the term “life-saving” used by some trial
participants. Food insecurity is linked to & higher prevalence of mental heaith issues such as depression and anxiety and
impacts treatment success [33].

The acceptability of the food baskets was high and attributed to content and quality. The perceptions about their
quantity and duration varied according to individuat needs and lived experiences. The compaosition of the trial food
basket was based on the NTEP policy decument [13]. Similar food baskets based on dry rations containing cereals
and pulses have been well accepted in West Bengal and Madhya Pradesh in India [34-36]. Also, food baskets have
been used with goad acceptability in Afghanistan [37], Senegal [38], Angola [39], and Brazil [40]. These perspectives
and in-depth understanding of “why things are the way they are rather than how much they are a certain way” are
critical in guiding global recommendations and pelicymakers [41]. In India, 75% of rural and 50% of rural house-
holds have access to cheaper rice and wheat in PDS, which meets the cereal reguirements and assumes that the
resultant savings will improve their non-cereal intake [42]. Patients appreciated the quality and diversity of the food
basket with the versatility of sattu that can be made into a savory or sweet drink, rolled into sweet balls, or stuffed
into freshly baked savory Indian bread (Paratha). The food basket breaks the monotony as there is a choice of reci-
pes, which is not the case with ready-to-use therapeutic foods (RUTF), where people may not like the taste or find a
preparation too sweet or salty [38]. Locally available and acceptabie sources of proteins like sattu need to be identi-
fied for scale-up.

The perceived "positive experience” of the food baskets included being able to return to work. Moreover, better adher-
ence, reduced mortality, and reduced side effects are important to patients and NTEP. A very striking feature in Indian
PwTB patients is the high prevalence and severity of undernutrition [10~12,43]. Undernutrition and peor weight gain are
associated with a higher risk of death, drug toxicity, and recurrence of TB even after a cure [5,44,45]. With severe weight
loss and poor weight gain, the ability to return to work is impaired. The persistence of undernutrition (40% continued
to remain underweight at 6 months in the trial because of severe undernutrition at baseline) [10], and the presence of
post-TB sequelae explains why some patients reported an inability to work as usual at the end of treatment [48]. This
observation has an important policy implication regarding extended support for severely underweight patients and the
necessary resource planning and program implementation.
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Food baskets served as an enabler to better adherence to drugs that were otherwise difficult to tolerate, which has
been observed in a systematic review [47]. The role of food insecurity in increasing the frequency and intensity of adverse
drug reactions (ADR) has been noted in other countries, including in patients with HIV disease [32,48]. Undernutrition is
a risk factor for drug toxicity with anti-TB drugs, but there is a paucity of ADR studies on PwTB with undemutrition as a
comorbidity. A cohort of tribal patients in a community with a high burden of TB and undernutrition documented ADR in
nearly 90% of PWTB, much more than that in our trial [10,49]. In a recent study in children and adolescents, ADRs were
strongly associated with malnutrition, with Grade-3 ADRs exclusively seen in patients with malnutrition [50]. .

The RATIONS trial used food-based nutritional support and had high ievels of acceptability among the beneficiaries. Accept-
ability in the intended beneficiaries is crucial in an intervention likely to involve investments of manpower, money, and time. There
are discussions about introducing peanut-based energy-dense nutrition supplements (EDNSYRUTF in India for PwTB [51]. A
study of the acceptability of peanut-based EDNS in 102 PWTB over a 2-month period reported a 10% refusal and 14% adverse
effects, and it provided 60 gm fat and 28 gm protein per day [52]. Unfortunately, this wouid not address the additional protein
requirement in TB and the lost lean body mass. Also, the high-fat content may result in nausea and fat accretion rather than
lean mass. In a small study in Africa of RUTF vs. food baskets in PWTB, nearly half reported a preference for food baskets {38].
In studies with peanut-based RUTF in Bangladesh, 40% of caregivers of children and nearly 80% of women found it unaccept-
able as a food product, citing palatability and smell despite the perception of a therapeutic benefit [53,54]. In Indian children,
the acceptability of a ‘khichri’ (cooked preparation of rice and legumes) was much higher than that of a peanut-based RUTF
[45]. RUTFs risk mystifying nutrition and making local communities dependent on higher-priced externally sourced food items.

In 2015, a nutritional support program for patients with multi-drug-resistant tuberculosis in Mumbai had a 58% refusal rate as
patients were not happy with the ready-to-eat foods offered, and the authorities switched to a food-based intervention [56].

The issue of the duration of food baskets and other alternative contents reflected a nuanced understanding of the
feasibility of support. There is a need for an extension of support when the baseline weights are very poor, and there is a
physiological limit to necessary weight gain over the treatment period [18].

Regarding the feasibility of implementing nutritional support, there was strong support from the community heaith work-
ers with the caveat of community involvement and supportive supervision of the process. Additionally, the Sahiyas handed
over a written petition at the end of FGD to convey this wish to the NTEP. The trial field staff provided valuable insights
into the challenges of making doorstep deliveries of food rations in challenging terrain and hard-to-reach areas. A recent
modeling study emphasizes the cost-effectiveness of food-based intervention within a feasible budget with improvement in
equity and reducing the TB burden among those who are susceptible [57].

The interviews explored cash transfers, which are an operationally easier alternative to facilitate purchasing nutritious
foods and have been operational since 2018 as NPY [23]. Some challenges in cash transfers include patients from the
unorganized sector, those depending on daily wages, with no paid sick leave, continued wages, or non-avaitability of
comprehensive health insurance covering outpatient and inpatient care [58). Eardier studies have shown significant levels
of indebtedness, mainly due to indirect costs associated with loss of wages in Indian PwTB 59]. In a recent national cost
survey, > 45% of PwTB incurred catastrophic costs (costs >20% of annual household income) [60]. The question of cash
transfers vs. food support in kind drew responses that either supported in-kind food support or the provision of both food
and cash. The amount of cash in a cash transfer-only model should be adequate for purchasing a nutritious diet with ade-
quate accounting for food inflation. An impact evaluation of the NPY has shown that non-receipt of DBT was associated
with more than 4-fold higher odds of unfavorable outcomes [61]. As a positive step, the cash benefit for PWTB is to be
doubled [51]. A vital step should be assessing the nutritional impact of these initiatives to shape future policies.

Finally, the qualitative study highlighted some persistent misconceptions that can impact rational and cost-effective
nutritional care: the desire to buy branded sugary energy powders with little value for money. This can be attributed to
the aggressive marketing of such products in print and audio-visual media, reinforcing the need to add counseling as an
important long-term enabler in TB care [7,62].
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Strengths and limitations

This qualitative inguiry had numerous strengths. First, it represents voices often under-represented in the literature
because they are rural, live in remote areas, and belong to indigenous communities. Second, when qualitative aspects
are studied in trials, there is potential bias when studied by the trial investigators. We minimized it by invoiving social
scientists unrelated to the trial. Third, we ensured that the researchers or the field staff who knew the participants were
not present during the interviews/discussions. Fourth, in-person interactions at the homes of the triai participants helped
shape the understanding of the background conditions, the terrain, and the non-verbal communication that can be
affected by onfine methods. Lastly, interim findings from the quantitative trial component were available to shape the
interview guide.

The study had some limitations. The purposive sampling may not have fully represented the spectrum of perceptions,
experiences, and opinions. The interviews were conducted primarily in Hindi, and some of the nuances expressed in the
local language may have been affected. We did not explore gender issues and the experiences of children and adoles-
cents. Lastly, the sample size of PwTB and HHCs could be considered small compared to the large trial population. How-
ever, given the background of poverty and food insecurity exacerbated by TB disease as well as the COVID pandemic in a
relatively homogenous population, the interviewers perceived data saturation, a concept studied in the past [63].

Implications for policy, practice, and research

Undernutrition is a recognized and serious comorbidity in Indian PwTB and the most prevalent risk factor for TB incidence
in India. India was one of the first countries to adapt the WHO guidelines for nutritional care and support and launched
DBT to enable better nutrition for PwTB. The guantitative component of the RATIONS trial, as well as the qualitative
inquiry discussed here, are relevant for the NTEP as the program plans to enhance the cash transfer, introduce appropri-
ate nutritional support in kind, as well as expand food baskets to cover TB-affected households. This study has provided
insights, perceptions, and experiences of beneficiaries and stakeholders, and evidence of how this food-based interven-
tion can be therapeutic for patients, preventive for contacts, provider of social protection in a setting of food insecurity, and
an enabler for adherence to therapy, and return to work.

Conclusions

The qualitative inquiry, the first of its kind, related fo food-based intervention in TB-affected households, reflected the
voices and lived experiences of poverty, insecurity, and TB, as well as of the stakehoiders serving them. These are rele-
vant to framing policy and pragtice in the NTEP and any future research in this domain. The food-based intervention for
the PWTB and their HHCs was perceived as acceptable, feasible, and beneficial for the recipients and the NTEP. The lived
experiences expressed as weight gain, recovery of strength to work, and ability to adhere to treatment because of better
tolerability of drugs are in line with “patient-centered” outcomes aligning with India’s resoive to end TB and the global END
TB strategy. Opinion on cash or support in kind was divided; many preferred food support over cash, but others expressed
a requirement for both. Beneficiaries had a nuanced understanding of the limitations of the government, but extending
coverage {0 household members and duration of nutrition support when requited was suggested.
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