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Nutritional Supplementation to Prevent | nfection in Household Contactsof

TuberculossPatients
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SUMMARY

This was a field-based, open-label, cluster-randomized
controlledtrial, inwhich household contactsof 2800 patients
with microbiologicaly confirmed pulmonary tuberculosis
across 28 tuberculosis units of the National Tuberculosis
Elimination Programme across four districts of Jharkhand,
India, were enrolled. The tubercul osis unitswere randomly
allocated 1:1 by block randomizationto the control group or
theintervention group. Although microbiologically confir-
med pulmonary tuberculosis patients in both groups
received food rations (1200 kcal, 52 gramsof protein per day
with micronutrients) for 6 months, only household contacts
intheintervention group received monthly food rationsand
micronutrients (750 kcal, 23 grams of protein per day with
micronutrients). After screening all household contacts for
co-prevalent tuberculosis at baseline, al participants were
followed-up actively, for the primary outcome of incident
tuberculosis (al forms). There were 10,345 household
contacts, of whom 5328 (94-8%) of 5621 household contacts
intheintervention group and 4283 (90- 7%) of 4724 household
contactsin the control group completed the primary outcome
assessment. The authors detected 31 (0-3%) of 10,345
household contact patients with co-prevalent tuberculosis
disease in both groups at basdine and 218 (2-1%) people
were diagnosed with incident tuberculosis (all forms) over
21,869 person-years of follow-up, with 122 of 218 incident
cases in the control group [2-6% (122 of 4712 contacts at
risk), 95% Cl 2-2-3-1; incidence rate 1-27 per 100 person-
years] and 96 incident casesin theintervention group [1- 7%
(960f 5602), 1-4-2-1; 0- 78 per 100 person+-years], of whom 152
(69-7%) of 218 were patients with microbiologically
confirmed pulmonary tuberculosis. Tuberculosisincidence
(al forms) intheintervention group had an adjusted I RR of
0-61[95%Cl 0-43-0-85; aHR 0-59 (0-42-0-83)], withan even
greater declineinincidence of microbiologically confirmed
pulmonary tuberculosis[0-52 (0-35-0-79); 0-51 (0-34-0-78)].
This trandates into a relative reduction of tuberculosis
incidence of 39% (all forms) to 48% (microbiologically
confirmed pulmonary tuberculosis) in the intervention
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group. An estimated 30 households (111 household
contacts) would need to be provided nutritiona supplemen-
tation to prevent one incident tuberculosis. The authors
conclude that nutritional intervention was associated with
substantial (39-48%) reductionin tuberculosisincidencein
the household during thetwo years of follow-up.

CRITICAL APPRAISAL
Evidence-Based Medicine Viewpoint

Thiscluster-randomized controlledtrial (RCT) [1] examined
the impact of nutritiond supplementation provided to
household contacts of adults with pulmonary tuberculosis,
on the incidence of tuberculosis disease in them. The
elements of the research question can be broken down to:
Population/Problem (P): Household contacts of adultswith
microbiologically confirmed pulmonary tuberculosis; Inter-
vention (1): Nutritional supplementation for 6 months;
Comparison (C): No nutritional supplementation; Outcomes
(O): Incidence of all types of tuberculosis; Timeframe of
outcome measurement (T): Two years;, and Setting (S):
Community setting among people living in ‘tuberculosis
units.” The unit of randomization was the tuberculosis unit
(and not individua participants) in four districts of
Jharkhand.

The participants eligible for inclusion were household
contacts of any adult with microbiologically confirmed
pulmonary tubercul osis (index case) asper thecriteriainthe
Nationa Tuberculosis Elimination Programme (NTEP). A
“household contact’ was defined asthoselivingin thesame
house, consuming food from the samekitchen for any length
of time, and not aready receiving tuberculosis therapy.
There were no other exclusion criteria specified by the
authors.

Thesamplesizewasmeticuloudy calculated, takinginto
consideration the population incidence of pulmonary TB,
number of index caseswithinatubercul os sunit, incidence of
TB among househol d contacts, estimated declinein TB with
the intervention, design effect, average family size in the
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target population, and the usua a phaerror. The calculation
suggested that a sample size of 11200 household contacts
randomized into two armswould have at | east 80% power to
detect a 50% decline in the incidence of TB with the
intervention.

The intervention was daily ‘nutritional supplemen-
tation” amounting to 750 kcal, 23 g protein, & one
recommended dietary allowance (RDA) of micronutrients,
per household contact. Those <10y old received half of this.
It was administered asamonthly ration that could be either
home-ddlivered, or collected from specific locations. The
comparison group of participants did not receive these
rations. However, the index case in both groups received
daily nutritional supplements amounting to 1200 kcal, 529
protein, and one RDA of micronutrients. Household
contacts received supplementation throughout the duration
of treatment of theindex case (viz 6 monthsfor drug sensitive
TB, and 12 months for drug resistant TB). However,
supplementation could be extended for up to 12 additional
monthsin adult contactswith BMI <16 kg/m?, adolescents
withBMI Z score<2, and younger children withweight-for-
age Z score <2. Apart from the intervention, both groups
weretreated similarly.

Theprimary outcomewasdevel opment of TB (any type)
among the household contacts. Other outcomes were pul-
monary TB, other TB, other acuteinfections(notably malaria,
diarrhea, lower respiratory tract infection, hospitalization for
fever), changeinweight among contacts, and mortality with
acute fever during the intervention period. Cost of the
intervention (including delivery and implementation) was
cdculated.

Theintended follow-up period was 2 years, with monthly
visitsduring thefirst year, and 3-monthly thereafter (i.e., total
16follow-uptimepoints). However, dueto COVID exigencies,
the protocol wasmodified, extending thefollow-up periodto
a common closing period. Therefore, some participants
could be followed-up for longer than 2 years, whereas
almost one-fifth could be followed up for only 18 months.
Each contact was followed-up until they developed TB, or
their datawere censored.

The main results among household contacts are
summarizedinBox|.

Critical appraisal of the RCT

Criticd appraisal using the current Cochrane Risk of Bias
(RoB) Il tool for cluster RCTs[2] issummarizedin Tablel.
Therewas|ow RoB inthree domains, and some concernsin
two domains. Considering thecriteriain the GRADE-ing of
evidence[3], thistrial would quaify for downgrading by at
themost onepoint for theissueshighlightinthe RoB assess-
ment. There is no significant imprecision, or indirectness
noted. Thus the trial can be considered to contribute
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moderateto high quality evidence.

The trial had numerous methodological refinements
raising confidence in the reported findings. The state of
Jharkhand was chosenfor specific reasonsthat aredescribed
well. The selected districts were not chosen randomly, but
were apparently based on the case load and logistic
feasibility of implementing the intervention. The trial was
aligned with the prevalent NTEP system and procedures,
facilitating applicability of the findings. A loca non-
Governmental organization wasinvolved in datacollection
of serious adverse events and deaths. A Data Safety and
Management Board was established for the trial, although
therewas no interim analysis. Thetrial investigatorsincor-
porated multiple logistic refinements to ensure appropriate
ddivery of nutritional supplementation, and also attempted
to ensure appropriate consumption. There are no grave
ethical concernsinthetria design orimplementation.

Additional refinements included the use of clear
definitionsfor terms such asindex case, household contact,
tuberculosisunit, duration of intervention, incident TB, co-
prevalent TB, lost tofollow-up, etc. At enrolment and during
thetrial, the index cases were counselled regarding consu-
ming a balanced diet, adhering to therapy, and cough
hygiene. Meticulous attempts were made to ensure
appropriatefollow-up andtrack thosewhowereunavailable.

Despitetheserefinements, someaspectsareunclear. For
example, the basis for choosing to supplement diet with
specifically 750kcal and 23g proteinisunclear. Smilarly, the
rationalefor providing exactly haf of thistodl children<10y
old (irrespectiveof age) isasounclesr.

The age-wise analysis of incident TB among contacts
confirms that the beneficial effect of nutritional supple-
mentation was driven by reduction in TB only in adults.
There was no such benefit among young children <5y or

Box | Main Results Among Household Contacts in the
Study

TB (any type)
96/5602 vs 1324712 equivaent to 1.7% (ClI 1.4, 2.1) vs 2.6%
(Cl 22, 31

Incidence rate of TB (per 100 person-years)

0.78 (Cl 0.64, 0.96) vs 1.27 (Cl 1.00, 1.61)"

Incidence rate of microbiologically confirmed TB (per 100
person-years):

051 (Cl 038, 0.68) vs 0.95 (Cl 0.73, 1.24)"

Incidence rate of clinically diagnosed TB (per 100 person-
years):

0.28 (Cl 0.18, 0.44) vs 0.30 (0.19, 0.56)

Incidence of other acute infections, and deaths due to febrile
illness, was apparently similar in the two groups.

’P<0.05
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Table | Critical Appraisal of the Trial Using the Current Cochrane Risk of Bias (RoB) Il Tool for Cluster Randomized
Controlled Trials

Domain and Comments Assessment

RoB arising fromthe randomization process

Theallocation sequence (for tubercul osis units) was generated by aremotely located stati stician using computer LowRoB
generated random numbers.

Block randomi zation was used, however block size(s) is'was not specified.

Thealocation ratio was 1: 1. Although tubercul osis units (and not individual s) were randomized, the data of
individualswerereported.

Allocation was conceal ed from theinvestigators, although it isunclear how thiswas done, and also whether it
remained conceal ed until the clusterswere assigned to theintervention. However, itisunlikely that participants
could have self-selected themselvesto either trial arm.

Baseline characteristicsviz. agedistribution, gender distribution, caste status, occupational background, access

to the pubic distribution system, personal habits (tobacco use, alcohol consumption), economic status, and
proportion of children receiving prophylaxis; were comparabl e suggesting adequacy of the randomization process.
However, thereastatistically significant differencein the baseline preval ence of undernutrition among adults
(38.3%vs 34.9%) and children, although thiswas not shown in the Table of baseline characteristics.

Althoughtrial participantswere neither identified not recruited beforethe clusterswere randomized, it may not

createbiasinthisstudy. Itisalso unlikely that participant sel ection was affected by knowledge of theintervention
assigned tothecluster.

RoB dueto deviationsfromtheintended interventions LowRoB

Participantswere aware that they werein atrial; however the nature of the intervention was such that participants
could not be blinded to their allocation.

Similarly, thetrial personnel also were aware of theallocation of individual clusters (and thereby households).
These personnel wereresponsiblefor periodic symptom screening of contacts (to direct them towards diag-
nostic tests).

Therewereno apparent deviationsfrom the assigned intervention.

Itisunclear whether knowledge of the assigned i nterventions could have altered the behavior of participants
(asno calculationsof their caloric or proteinintake during theintervention period, and thereafter, were made).
Adultsinbothtrial armsgained weight during theintervention period (suggesting apotential for behavioral
ateration), although theintervention group showed astatistically significant greater weight gain. Further, the
limited number of childrenin both groups had comparableweight gain, reiterating the same concept.

If therewere deviationsfrom theintended allocation (i.e. participantsin the comparison group consumed addi-
tional nutrition ontheir own), it would haveresulted in anarrower (if not nil) difference betweenthetrial arms.
Sincetherewasstill astatistically significant difference, it suggestsarobust result.

RoB dueto missing outcomedata Some concerns

Itisunclear whether datafromall the clustersrandomized were availablefor analysis, asthe authorsreported
data by participants rather than clusters.

After randomization, therewere 5621 participantsin theintervention group, and 4724 in the comparison group.
Datafor the primary outcome were availablein 5328 (94.8%) and 4283 (90.7% respectively).

Datawere missingintheremainder duetowithdrawal, co-prevaent TB, deaths during theintervention period
(all threewere comparabl e between groups) and lossto follow-up. However, therewasalmost 2.5 times greater
lossto follow-up in the comparison group (3.0% vs 7.4%). Thereasonsand impact of thisareunclear. Itis
reasonabl e to wonder whether the missing data could have altered the estimate of benefit of theintervention

(if they had unfavorable outcome). Although the authors stated that an intention-to-treat (ITT) anaysiswas
performed considering those with missing data, it isunclear how thiswasdone.

When the study wasterminated, there were 167 (3.0%) and 349 (7.4%) participants respectively, whose
follow-up datawereunavailable.

RoB in measurement of the outcome Some concerns

Themethod of measuring the outcome was appropriate, and there does not appear to be any inter-group difference
inthe method of ascertaining the outcome.

Thoserecording the primary outcomewereindependent of thetrial personnel, however itisunclear if they were
blinded to theintervention. It isalso unclear whether they were awarethat atrial wasin progress.
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* AsTBwasdiagnosed clinicaly in over 25% household contacts, knowledge of the all ocation could haveinfluen-

ced theoutcome.

RoB ininselection of thereported result
¢ Theoutcomesreported were decided apriori.

LowRoB

« Additional post hoc analysesincluded splitting TB casesas‘ microbiologically confirmed’ and clinicaly
diagnosed. However, giventhat thisis permissible under the NTEP, it isacceptable.

« Noneof the other outcomes appear to have been selected for reporting, based on the resullt.

older children 6-17y. This is disappointing from the
perspectiveof pediatricians. Further, even among adults, the
benefit was observed only among males, and especialy
those who were not undernourished at basdline.

One of the magor chalenges in this study is the
possibility of food sharing within a household. Given that
only index casesin the comparison group received supple-
mentation, it ispossible (even probable) that someof it may
have been shared with family members. Thisisindicated by
the nearly 2% weight gain over 6 months amongst adult
household members, irrespective of gender. Thisgainwhich
was about half of that recorded amongst adults in the
intervention group, needs explanation. Further, the overal
prevalence of poor nutrition (defined by low BMI) declined
morein the comparison than theintervention group.

Similarly, children between 6to 17y (maleandfemale) in
the comparison group gained about 6.5% weight over 6
months. Although this could be simply due to natural
growth among children, the possibility of food sharing
cannot beruled out, especially asthegainwasonly 2% lower
than in those receiving the intervention. Given these
concerns, it would have beenlogical for theauthorsto report
the weight gain in the index cases. If there was no food
sharing, the gainswould havebeen similar in both groups. Of
course, additional analysis of inter-group weight gain
patterns by the number of household contacts would have
thrown further light on thisissue. Unfortunately, these data
werenot reported.

Children <5y (both boysand girls) showed amost 20%
weight gain over 6 months, and surprisingly the gain was
similar amongst those in the intervention as well as
comparison groups. The comparable weight gain in both
groups raises severa questionsviz., i) Could it be because
young childrenin the comparison group also received some
supplementation, either through food sharing or behavior
change within families? ii) Could it be because young
children in the intervention group were deprived of the
nutritional supplementation allocated to them, because of
diversion to others in the household? iii) Had increase in
weight z scores been reported instead of absolute weight
gain, it would have been feasible to interpret whether the
gainwasdueto natura growth (inwhich casezscoreswould
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remain unchanged) or nutritional supplementation (zscores
wouldincrease). Unfortunately thiswasnot reported.

Inthistria, incident TB among household contactswas
determined by screening for symptoms to make a
presumptivediagnosisof TB, followed by referral toahedlth
facility for clinical examination and sputum evaluation.
Sputum was examined by microscopy or nucleic acid
amplification. Thusit isunclear how symptomatic contacts
who did not produce sputum were eval uated. Although the
NTEP may not have a provision for such situations, this
would be expected in awell-designed and conducted trial.
Theissueisparticularly relevant to young children, wherein
sputum isnot usualy available, and multiplegastric aspirate/
lavage specimensarerequired for diagnosis.

There are several interesting findings reported in the
publication [1] but not sufficiently highlighted or explored.
For example, among children younger than 5 years, incident
TB wasover three times more frequent amongst those who
received nutritiona supplementation (8.3% vs2.5%) despite
them being 1.5 times more likely to have received INH
prophylaxis. This unusual situation is of great interest to
pediatricians and public health speciadists, and warrants
further exploration.

Despite the well-established Nationa guideline [4]
recommending INH prophylaxisfor children <6y in contact
withadult pulmonary TB (prevaent during thetria period), it
appearsthat only 1 in 6 such children actually received it.
This indicates a gap between programmatic policy vs
practice. The broader implication is that if nutritional
supplementation were to be initiated at the programmatic
level, thereisrisk of similar gapsin practiceoncethestringent
project related oversight is replaced by routine
implementation.

Itisimportant to notethat current guidelinesrecommend
INH preventivetherapy to contactsacrossall agegroups[5].
Thisraisestwo subsidiary questions: i) If the programmatic
implementation of thisremainssimilar tothat among children,
littlemay beachieved by it; andii) Ontheother hand, if itis
implemented in a robust manner, would there be need of
nutritional supplementation to prevent the devel opment of
TB?
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Althoughthetrial overall showedlower incidenceof TB
among contacts receiving nutritional supplementation, this
appears to be regtricted to those with microbiologically
confirmed TB. Among those with clinically diagnosed TB,
therewasnointer-group differenceamong adults, whereasit
was actualy dmost three times higher among children
(<18y). Thisunusual observation hasnot been explored.

It is interesting that athough femaes outnumbered
males amongst household contacts (11:9 ratio), thereverse
was true for those who developed incident TB, with
approximately 55% casesbeing mae. Themediantimefor the
devel opment of TB among contactswasa most 17 months.
In fact, amost a fourth of the cases among contacts were
diagnosed beyond 2 yearsof follow-up. Thissuggestsafew
interesting possibilities. If the contacts were being infected
by theindex case, it should have occurred during the peak of
infectivity viz., within the first few weeks after starting
treatment of the index case. Therefore confirmatory
diagnosis after several months, and that too amost a year
after the index case stopped therapy, suggests slow
progression from infection to disease. The dternate
explanation that contacts were getting infected from some
other source is even less plausible. This also raises the
guestion of how long the contacts of successfully treated
cases should be followed up, to be confident that they do
not develop TB.

There were 31 contacts who had co-prevadent TB (i.e.,
TB was detected even before the intervention was
implemented). This meansthat their family memberswere
exposed to two index cases. It would have been interesting
(andrelevant) torecordtheincidenceof TB insuchfamilies.

What could be the mechanism whereby nutritional
supplementation for 6 months, prevented the development
of TB for over 2years? Couldit bethat short-term enhanced
nutrition somehow atered the immune status, resulting in
long-term protection? As there was no reduction in the
incidenceof other infections, if ‘immunity’ wereresponsible,
couldit berestricted to cell-mediated immunity?Would the
‘immunity’ waneover time?Although nutritional supplemen-
tation of contactswasdonefor six months (inthemajority),
the benefit of reductionin TB became apparent only after 9
months, i.e. well after cessation of the intervention. If
nutrition-facilitated, enhanced cell-mediated immune
function, is it acquired slowly? Pathophysiologic studies
may be required to address these questions.

Itisencouraging that theredid not appear to beany drug

resistant TB among 2800 adults. Thisisuseful information
fromthepublic health perspective.

It appears that the monthly cost of nutritional
supplementation per adult contact wasabout Rs338/- (LUSD
=71.17INRontheproject sart date) [6] or approximately Rs
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11/- per day. This remarkably low cost included delivery
costs aswell. However, the monthly cost of providing less
than doubl ethe supplementation, to index caseswasamost
thricethecogti.e.. Rs925/-, or Rs30/- per day.

Conclusion: Thismethodologically robust, low risk-of-bias
randomized trial suggests that nutritional supplementation
offered to household contacts of adult TB cases, could
reduce the incidence of TB among adult family members,
although there may not be any impact on children. The
issues highlighted above suggest although the intervention
appears promising, there are severa challenges to be
overcomefor successful implementation asapublic health

strategy.
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Pediatric Tuberculosis Specialist’s Viewpoint

Among al the risk factors that accelerate tuberculosis
infection, undernutritiontopsthelist, especialy in childhood
tubercul oss. TheWorld Heal th Organi zation (WHO) recom-
mendsintegration of childhood tubercul osis preventiveand
diagnostic serviceswith community nutritional servicesto
addresstubercul osisand undernutrition syndemic[1]. Inthe
study under discussion [2], children aged below 17 years
congtituted 40% of cohort in this controlled study of
nutritional supplementation of household contacts (HHCs)
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of microbiologically confirmed pulmonary tuberculosis.
Childrenyounger than fiveyears, who areknownto havethe
highest risk of tuberculosis infection and disease progres-
sion, formed 11% of the study population.

The authors have shown an overal reduction of inci-
dence of tuberculosis by 39% in the nutritiona supple-
mentation group compared to thecontrol group (0.78vs1.27)
[2]. However, paradoxically, incident tuberculosis cases
were higher inintervention group compared to control group
inchildren<5years, who arethemost vulnerableHHCs(0.58
vs0.27). Therewasno disparity either in nutritional statusor
tuberculosis preventive therapy (TPT) between the groups.
What can explainthis?

Surprisingly, authors have not discussed this para
doxical finding. There was only a modest reduction of
incident ratein children of ages6-17 years(0.38vs0.53). This
callsfor deeper look into the strategy to find out the factors
respons blefor the same. What isworrisomefor pediatricians
is, only 16% of children younger than five years exposed to
confirmed pulmonary tuberculosis were initiated on TPT,
which is an essentia strategy to prevent pediatric tuber-
culosis. This could have confounded the results in them.
Hence, along with nutritional intervention, other strategies
like TPT, and early detection and treatment of adult
tuberculosis, have to be strengthened to achieve the goal.

Despitetheselimitationsin children, overal reductionin
incident tuberculosis and further reduction in microbio-
logically, confirmed pulmonary TB in adults by nutritional
supple-mentation will have indirect impact on control of
pediatric tuberculosis.
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Public Health Specialist’s Viewpoint

Tuberculosis remains one of the most significant public
health problems in India, with more than 3 million people
affected annually, about 1.3 million out of them estimated to
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bechildren[1]. Despiteit being suchasignificant problemin
India and in other low- and middle-income countries
(LMICs), therehave been limited advancesinitsprevention,
diagnosisor treatment.

Most high-income countries controlled tuberculosis
without a vaccine or treatment, primarily by equitable
improvementsin nutrition, living and working conditions of
its citizens. National Tuberculosis Elimination Program
(NTEP) commitsto eliminatetubercul osisby theyear 2025,
relying predominantly on a treatment-based approach to
control and diminatethedisease.

Thisrigorously conducted study [2] provides evidence
of effectiveness of nutrition supplementation of household
contacts. At 39% reduction of all forms of tuberculosis
incidence among households, it promisesto be one of the
most effective public health interventions to control the
disease. In the absence of an effective vaccine, strong
evidenceof itseffectiveness, andlow costsin administering
(<5USD per household contact), thereisacompelling reason
tointegratethisstrategy within NTEPR. Given the syndemic of
tuberculosisand malnutrition, thereisalsoacritical needfor
focused multi-sectora efforts to enhance availability of
nutritiousfoodinfood scarceregionsof India, such aswhere
this study was conducted.

Since the diagnosis of tuberculosis in NTEP relies
heavily on sputum examination, there is an inadequate
identification of tuberculosis among children, who often
swallow their sputum. It isestimated that there are closer to
1.5lakh casesof childhood tuberculosisannualy, that arenot
reported within NTEPR. In this study, which relied on the
existing program mechanisms of detecting tuberculosis,
very few childrenyounger thanfiveyears(n=11) werefound
to have tuberculosis during a 2-year follow-up. This
underscoresthe urgent need for diagnostic tools, smplified
algorithms, and training of program staff for detection of
childhood tuberculosis.
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