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ABSTRACT

India has the highest burden of incident tuberculosis (TB) cases and deaths globally. TB is
strongly associated with poverty and this risk is largely mediated by undernutrition in
India. COVID-19 response related lockdown has resulted in an economic crisis which may
double levels of poverty, has exacerbated food insecurity, and disrupted TB services. These
developments may have serious implications for TB progression and transmission in India.
The nutritional status of a population is a strong determinant of the TB incidence, and
undernutrition in adults alone accounts for 32—44% of TB incidence in India. A systematic
review has shown that a 14% increase in TB incidence can occur per one unit decrease in
body mass index (BMI), across the BMI range of 18.5-30 kg/m2. We believe that one unit
decrease in BMI (corresponding to a 2—3 kg weight loss) may result in the poor in India as a
result of the lockdown and its aftermath. This may result in an increase in estimated
(uncertainty interval) incident TB by 185 610 (180 230, 190 990) cases. A 59% reduction in TB
case detection between end March and May 2020, may result in an estimated (uncertainty
interval) additional 87 711 (59 998, 120 630) TB deaths [19.5% increase (14.5, 24.7)] in 2020.
Disadvantaged social groups and those living in states with higher levels of poverty, under-
nutrition,and migrant workers are at particular risk. We suggest enhanced rations
including pulses through the public distribution system and direct cash transfers to the
poor pending restoration of livelihoods. TB services should be resumed immediately with
enhanced efforts at case detection including active case finding. To prevent deaths among
TB detected within the national TB programme, systemic identification, referral and
management of severe disease at notification should be considered.

© 2020 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Ending tuberculosis (TB) globally is critically dependent on
ending TB in India. More than a quarter of the world's 10
million estimated cases and 449,700 of the world's estimated
1.3 million TB related deaths occur in India.’ India has
committed itself to the ambitious goal of meeting the SDG
targets of reducing TB incidence by 80% and TB deaths by 90%
by 2025, five years before the global deadline in 2030.

The national response to the COVID-19 pandemic in India
included a nationwide lockdown for 68 days (25 March to 31
May 2020) with phase-wise unlocking starting 01 June 2020.
The two key transient changes that may affect TB epidemi-
ology include lockdown induced worsening of poverty and
undernutrition in the poor as well pushing those who live a
fragile economic life into poverty, and lockdown induced
under-detection of active TB. We discuss and attempt to
quantify how these two changes can have a potential impact
on TB incidence and mortality in India. India has one of the
largest numbers of people with latent TB infection, an esti-
mated 354 million (a population larger than that of the United
States), who are at risk of developing TB.? They can progress to
active disease by any condition which impairs cell-mediated
immunity, of which undernutrition is the most common at
the population level in India and globally.* ©

2. Lockdown induced poverty and
undernutrition and its impact on TB incidence

2.1. Poverty, nutrition and TB

Globally, India has the highest numbers of poor people ac-
cording to the World Bank.” Using a monthly per capita
expenditure cut-off, the Government of India estimated in
201112 that 22% live below the poverty line.?

In India poverty is closely associated with childhood and
adult undernutrition. According to the results of the National
Family Health Survey-4 (NFHS-4), 23% of adult women and
19% of adult men have undernutrition defined as a body mass
index (BMI) less than 18.5 kg/m?.° The prevalence of under-
nutrition is higher in rural India (especially in the states of
Jharkhand, Bihar, Madhya Pradesh, Odisha and Uttar Pra-
desh), in women, in those belonging to scheduled tribes and
scheduled castes, and in the poor. While 11.8% of women in
the highest wealth index were underweight, in the lowest
wealth index, 35.8% had a low BMI, with a similar differential
in the men.” According to the World Health Organization
(WHO), when the population prevalence of low BMI is between
20 and 39 percent it indicates a serious situation."”

The undernutrition in the poor is linked to suboptimal di-
etary intakes and dietary diversity which results in chronic
energy deficiency, and deficiency of nutrients (macronutrients
and micronutrients).'’ The National Nutritional Monitoring
Board surveys in rural households of nine states have shown
that apart from roots and tubers where the recommended
dietary intakes are met, the intake of protective foods like
pulses, green leafy vegetables, fruits is below recommended
intakes. A particular concern is protein intake which is

predominantly derived from cereals, and cereal proteins are of
poorer quality unless supplemented by pulses or animal pro-
teins'? In 2011—12, the consumption of energy and protein in
poor people (lowest 30 percent of income class) were lower
than the all-India average and the daily minimum consump-
tion requirement.”® Recent data suggests that but for one
state, none of the other states consumed the minimum rec-
ommended 40 g of pulses per capita per day.™*

The Indian Government implemented the National Food
Security Actin 2014, and aimed to improve the coverage of the
public distribution system (PDS) to 75% of the rural population
and around half of the urban population. The PDS supplies five
kg cereal per head (rice or wheat) at a highly subsided rate of
INR three per kg (wheat) or INR two per kg (rice) (100 INR = US$
1.32). Pulses which are an important source of protein are not
part of this subsidised ration except in two states. The adverse
nutritional implications of this cereal-centric approach have
been highlighted by nutrition experts.'® Despite its potential,
PDS has had a limited role in improving food security due to
problems with targeting and operational inefficiencies.®

In India TB is still strongly associated with poverty and
according to NFHS-4 the prevalence of self-reported TB was
nearly four-fold higher in the lowest compared to the highest
wealth quintile."” According to a recent study, around half the
TB patients belonged to below poverty line.’® Poverty can
impact on TB risk by other means like overcrowding, but the
strongest mediating effect of poverty on TB prevalence in
India was by low BML' In a systematic review of six large
cohort studies, it was seen that BMI and TB incidence had a
consistent and inverse exponential relationship and that low
BMI was causally related to TB incidence.”” In the most recent
cohort study which examined the effect of BMI and TB inci-
dence, low BMI (<18.5 kg/m?) was associated with an adjusted
hazard ratio of 12.4 [95% CI: 5.75,26.95] for development of
TB.?! Undernutrition is strongly associated with development
of active TB because undernutrition impairs the protective
innate and adaptive immunity and allows TB infection to
progress to active TB.”

In India, the large burden of active TB is driven by the high
prevalence of latent TB infection (an estimated 354 million
persons across all ages) and the high levels of undernutrition
in adults.>” As per the Global TB report 2019, undernutrition
accounted for the maximum proportion of TB incidence in
India, approximating the combined effect of HIV, diabetes,
smoking and harmful use of alcohol." Using adult undernu-
trition data from a 2005—06 nationally representative NFHS-3
and a risk ratio for low BMI for development of TB from a
cohort study, Bhargava A et al predicted that 55% of adult TB is
attributed to undernutrition.”” This figure reduces to approx-
imately 44% (unpublished updated analysis) if we use the
prevalence of undernutrition data from the 2015-16 survey,
and the similar risk ratio related to undernutrition.’ Lonnroth
K et al in 2010 predicted that around 32% of TB is attributable
to undernutrition. This was lower than the prediction of
Bhargava A et al because Lonnroth K et al used the Food and
Agriculture Organization definition of undernutrition which is
a modelled estimate, and a lower risk ratio.?*

A number of studies have reported on the association of
dietary protein intake with incident and prevalent TB. In a
cohort study, protein intake less than 50% was strongly
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associated with TB incidence.”’ Low levels of serum albumin
and serum transferrin (both markers of protein nutritional
status) were strongly associated with an increased risk of TB.?*
In a case—control study in Zambia, the effect of household
socioeconomic position on TB prevalence was largely medi-
ated by protein intake (adjusted odds ratio 3.1). In this high
HIV prevalence setting, the population attributable fraction
for TB was higher for protein deficiency (42%) when compared
to HIV (36%).”* In India (2011—12), as the poorest 30% of the
population also consume less protein,'®* therefore, low
protein consumption may be a risk factor for development of
TB.

2.2. Impact of lockdown

The COVID-19 pandemic has resulted in both a health shock
and an economic shock. The lockdown in response to the
pandemic and the events related to it can have an adverse
epidemiologic impact on TB incidence through its effect on
poverty, and dietary intakes.

This crisis has hit India when the GDP growth was already
slowing for a few years and demand had slowed down with
rising unemployment.”® According to the Centre for Moni-
toring Indian Economy, the estimated unemployment rate has
touched 27% for the week ending on three May 2020 when
compared to 6.7% for the week ending on 15 March 2020.”
According to the International Labour Organisation in India
where 90% of the labour force is in the informal sector, almost
400 million informal sector workers may be pushed into
poverty due to the lockdown.’® Estimates by economists in
India indicate that a 25% reduction in annual income which is
expected because of the COVID-19 lockdown, can push 354
million into poverty and result in doubling of poverty levels in
India, negating the gains made since 2005.?° Lockdown may
have a short term effect on reduced per capita calorie and
protein consumption especially protein consumption in
poorer sections of the society, as well as a long term outcome
related to delayed recovery of the economy and unemploy-
ment. Around 13.9 million temporary or seasonal migrant
workers have been worst affected by this crisis. A survey
among migrant workers showed that around 21 days into
lockdown, 96% workers had not received rations from the
government, 70% had not received any cooked food and 50%
had rations left only for one day.*

During the lockdown, the Government of India has sug-
gested additional free rations of five kg cereal per head and
one kg of pulse per family per month.>* This move is a
welcome one, however the allocation of five kg rice in the PDS
amounts to only 167 g or 500 calories per day, and this addi-
tional ration may add up to 1000 calories per day. The pulse
ration amounts to eight g of pulses per day in a four member
household, and these allocations are unlikely to supply
adequate calories, proteins and micronutrients in the poor
households. The recommended dietary intakes for Indians
engaging in light work are 2320 calories in men and 1900 cal-
ories in women,*” and the nutritional stress related to the
events of the lockdown are likely to witness substantial
weight loss.

The potential impact of weight loss in the poor house-
holds on TB incidence can be estimated using the results of

a systematic review of cohort studies linking BMI to TB
incidence.’ The average slope gave a reduction of TB inci-
dence of 13.8% [95% CI: 13.4, 14.2] for an increase of BMI by
one kg/m? for BMIs in the range of 18.5-30 as well as the
converse increase in TB incidence by 13.8% for one unit
decrease of BMI.?° Therefore, a reduction in BMI at popula-
tion level due to reduction in consumption among the
poorest sections of the society is also conversely expected to
be associated with a 13.8% increase in TB incidence in the
poorest sections.

The mean heights of adult Indian men and women are
164 cm and 152 cm and the mean weights are 56.07 kg and
48.75 kg respectively.’ For these heights a unit decrease in
BMI would amount to a loss of 2.7 kg and 2.3 kg respec-
tively. The average per capita energy intake in India in the
bottom 30% of the population in terms of monthly per
capita expenditure was estimated to be less than 2000 cal-
ories in the National Sample Survey's 68th round in
2011-12.%* In the 68 days of lockdown even a calorie deficit
of 250 calories per day compared to caloric expenditure
could potentially lead to two kg weight loss in the two
months, since one kg weight loss corresponds to a caloric
deficit of 7500 calories.

The degree of weight loss would of course be modified by a
number of other factors. If a person is consuming less energy
as a result of food shortage, the decreased activity as a result
of being inactive at home, may limit their caloric expenditure
and weight loss. However, if a person engaged in unskilled
labour continues to limit his activity, he will not be productive
in an economic sense. Some of the migrant workers under-
went even greater calorie deprivation and in fact had to in-
crease their activity too in the attempts to reach home, and
may have experienced greater weight loss. Also the coming
months will require farm-related activity at a time of coex-
isting food insecurity®® and the daily deficit of calories may
exceed 250 calories a day. Also a quarter of the women and
one-fifth of men according to NFHS-4 already have a low BMI,
suggestive of chronic energy deficiency. In those below the
BMI of 18.5 kg/m?, the risk of TB is even higher.”* Overall, our
assumption of a weight loss corresponding to a one unit
decrease in BM], in poor households appears reasonable. We
could expect a 13.8% [95% CI: 13.4, 14.2] increase in TB inci-
dence in India in these households in the coming months
ahead.

Assuming that half of the TB is related to undernutrition
and poverty and caloric deficits which may vary between 250
and 500 calories a day over the two months of lockdown, we
can assume an increase (uncertainty interval) in incident TB
by 185 610 (180 230, 190 990) cases in a worst case scenario
[(0.138*estimated annual TB incidence)/two]. We have taken
the estimated annual incident TB in India (2.69 million in 2018)
from the recent WHO Global TB report.’ If we consider the
effects of reduced protein consumption in addition to the
lower caloric intake due to lockdown, the estimated increase
in incident TB could be higher.

A well-documented impact of undernutrition on TB inci-
dence, is the experience of Cuba during the food and eco-
nomic crisis of the early 1990s.>® Following the collapse of the
Soviet Union, Cuba had an economic and food crisis in the
early 1990s, exacerbated by the US embargo on Cuba. Per
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capita calorie and protein availability decreased, only about
1200 calories a day were available through the rationed dis-
tribution,® and per capita availability of energy declined to
the lowest figure of 1940 Kcal/day, a 32% reduction in four
years. Cuba had witnessed an annual decrease in notification
of 5% for three decades till 1991, but from 1991 to 1994 the
annual notification rate increased by 49.7% (average annual
increase of smear positive cases was 23.6%)*° and TB notifi-
cation rates increased from 5.5 cases/100,000 three-fold to 15.3
cases/100,000 in 1994.* TB mortality also increased signifi-
cantly in Cuba but that was also related to under-detection of
cases and diagnostic delays, and medication shortages.®

Another experience of increase in incidence of TB
following economic and nutritional crisis is Zimbabwe in the
years 2008—09. In two rural hospitals, the TB notification
increased by up to 35% without any accompanying rise in HIV
prevalence in the population and the notification rates
declined shortly after the economic recovery.®”

3. Under-detection due to lockdown and its
impact on TB epidemiology

3.1. Reduction in TB detection

During lockdown, the priorities shifted towards COVID-19
with an adverse impact on TB related diagnosis, treatment
and prevention services. A reduction in TB detection could
occur because of reduction in diagnosis or lack of time for the
nodal health programme staff to update in the electronic in-
formation management system (possibly preoccupied in
COVID-19 related response). A reduction in diagnosis could be
due to restricted movement, increased time spent indoors and
fear of travelling to health facilities during lockdown. Reduc-
tion in TB detection contributes to increased transmission
which may reflect as increased incidence at a later time
period. This may also contribute to increased deaths due to
lack of treatment or delayed treatment initiation resulting in
greater severity of disease. WHO has circulated an informa-
tion note on TB and COVID-19 emphasising the need to avoid
disruption of TB services during the COVID-19 pandemic.*

In India, there was a 59% decrease in TB case detection over
a period of eight weeks of lockdown (25 Mar to 19 May 2020) as
compared to the level of detection eight weeks before the
lockdown (29 Jan to 24 Mar 2020). The decrease in TB case
detection was 62% when compared to the level one year before
(25 Mar to 19 May 2019). This was calculated based on notifi-
cation data extracted on 11 June 2020 from the NIKSHAY
website (a case-based electronic TB notification system of
India's National TB elimination Programme).*

The under-detection was more than 70% in Andaman &
Nicobar, Uttar Pradesh and Bihar; and less than 30% in Odisha,
Goa, Arunachal Pradesh, Mizoram and Sikkim. There was no
effect of lockdown on TB under-detection in Lakshadweep
(0%) and Ladakh (21% over-detection) (see Table 1 and Fig. 1).
Bihar and Uttar Pradesh constitute around one-fourth of In-
dia's population and have both high undernutrition status and
under-detection.’

3.2. Impact of under-detection

Globally, it has been predicted that an average 25% decrease in
TB case detection over a period of three months of lockdown
will lead to an additional 190 000 (13% increase) deaths in 2020.
This is assuming an absence of a rebound in case detection
above values prior to the lockdown.*® We applied the same
model to India using 2018 estimates." Considering the
observed 59% reduction in detection over an eight week
period, there will be an estimated (uncertainty interval)
additional 87 711 (59 998, 120 630) TB deaths [19.5% increase
(14.5, 24.7)], bringing the total to 537 411 (473 698, 607 630) TB
deaths in 2020. These estimated total number of deaths will
surpass the estimated deaths in 2015 (n = 517 000).

Assuming a two month lockdown and two month recovery
period, a recently released report by the WHO Stop TB Part-
nership has predicted four percent excess deaths globally and
5.7% excess deaths in India during 2020—25. During the same
period, the predicted excess incident cases is 3.1% globally and
3.6% in India. Both the models do not account for potential
increase in TB incidence and death due to increasing impov-
erishment arising from economic disruption due to lock-
down.*! In addition to the direct effect of impoverishment on
TB severity and death,*>*? it could also have an indirect effect
through delayed health care seeking.

Another modelling study using data from South Africa,
India and China predicts that the benefits of COVID-19
response related social distancing on reducing TB deaths are
likely to be outweighed by health service disruption. In India
assuming TB health services are badly affected (which is the
case), an additional 149 448 (range 85 000, 233 602) TB deaths
have been predicted during 2020—24.%°

4, Recommendations

Due to the COVID-19 related lockdown, the potential increase
in incidence and mortality due to TB may wipe out the gains
made in the last few years.

To address the issue of excess mortality due to lockdown
related under-detection, adequate planning and preparation
for routine implementation of national programmes should
be done. To begin with it is imperative that we first restore
routine TB services. This has to be followed by a combination
of measures: access to food through universal PDS, direct cash
transfers and making gainful employment available.

We recommend that in India, with the largest population
of malnourished people in the world, enhanced entitlements
and improved diversity of diet enabled by India's large PDS is
an urgent imperative. This will improve economic productiv-
ity of the poor as well as mitigate the nutritional crisis that is
now unfolding and may have secondary effects of prevention
of increased morbidity due to TB and other infections. The
allocation for cereals will have to be increased till the
normalcy returns. The PDS should start making pulses avail-
able at subsidised prices to enable intake in quantities suffi-
cient to meet the daily requirement of 40 g per day per adult.”
In addition, the Government must also consider transferring a
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Table 1 — Under-detection of Tuberculosis in India during COVID-19 pandemic response related lockdown - eight week

lockdown period 25 March to 19 May 2020 compared with eight week pre-lockdown period 29 January to 24 March 2020*.3°
Under-detection (%)

State (in alphabetical order) Notifications (n) Case detection (%)

Pre-lockdown (a) During lockdown (b) (c=b/a) (d=100-¢)

Andaman & Nicobar Islands 101 23 23 77
Andhra Pradesh 15,194 4658 31 69
Arunachal Pradesh 478 349 73 27
Assam 7533 3799 50 50
Bihar 19,654 5374 27 73
Chandigarh 1008 405 40 60
Chhattisgarh 6655 3966 60 40
Daman & Diu 213 137 64 36
Delhi 17,973 8390 47 53
Goa 322 234 73 27
Gujarat 26,897 10,646 40 60
Haryana 12,424 7492 60 40
Himachal Pradesh 2757 1695 61 39
Jammu & Kashmir 2009 905 45 55
Jharkhand 8616 3767 44 56
Karnataka 14,468 6960 48 52
Kerala 4045 2575 64 36
Ladakh 33 40 121 -21
Lakshadweep 2 2 100 0
Madhya Pradesh 29,101 10,616 36 64
Maharashtra 32,717 14,447 44 56
Manipur 305 137 45 55
Meghalaya 800 474 59 41
Mizoram 425 318 75 25
Nagaland 649 360 55 45
Odisha 8701 6197 71 29
Puducherry 745 254 34 66
Punjab 9852 5144 52 48
Rajasthan 26,418 11,462 43 57
Sikkim 284 219 77 23
Tamil Nadu 17,025 5466 32 68
Telangana 12,985 6221 48 52
Tripura 451 227 50 50
Uttar Pradesh 77,887 20,692 27 73
Uttarakhand 4200 2373 57 44
West Bengal 17,098 8261 48 52
Total 380,025 154,285 41 59%*

*notification data extracted on 11 June 2020 from the NIKSHAY website *°; **when compared with previous year (25 March to 19 May 2019), the
national under-detection was 62%.

fixed amount of money directly to the bank accounts of those
below poverty line or using any other feasible economic cut-
off (social protection). Similar to the 22.5 billion US$ eco-
nomic relief package that was announced for the poor on 26
March 2020 (included direct benefit transfer of 6.6US$ per
month for three months for more than 0.3 billion benefi-
ciaries), the Government should consider more direct income
transfers to the poor while the economic stimulus restarts the
economy.*™** Livelihoods are critical in this phase, and mea-
sures to reduce unemployment in the poor, including oppor-
tunities for rural employment through the Mahatma Gandhi
National Rural Employment Guarantee Scheme will be
crucial.**

Short, medium and long-term measures for improving
coverage and efficiency of PDS along with measures for social
protection of migrant daily wage labourers are recommended.
Urgently implementing the short term measures are impor-
tant considering food availability is poorer in the months of

June to September (during monsoons) as illustrated in the
higher underweight seen in tribal children from Odisha in
these months.?* This attention to diets and social protection
will have an impact not only on TB burden and mortality but
also on morbidity and mortality to a range of infectious
diseases.

This should be supported by supplementary measures like
intensive community engagement, maintaining awareness of
the importance of TB services while emerging from the
COVID-19 response, and ramped-up active case-finding,
including rapid scale-up of contact tracing to compensate
for missed diagnoses during the lockdown period.*!

Among patients detected with TB, the programme should
consider an operational plan to ensure systematic detection,
referral and management of severe TB including strength-
ening of clinical care at district hospitals. As of now severe TB
is not routinely reported within India's national TB elimina-
tion programme. This should be done at the time of
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Fig. 1 — Bar diagram depicting under-detection (%) of Tuberculosis in India during COVID-19 pandemic response related
lockdown - eight week lockdown period (25 March to 19 May 2020) compared with eight week pre-lockdown period (29

January to 24 March 2020)*.%°

*notification data extracted on 11 June 2020 from the NIKSHAY website®’; **when compared with previous year (25 March
to 19 May 2019), the national under-detection was 62%.

notification. TB deaths occur predominantly within the first
two months (early deaths).*”** Most TB deaths in India occur
outside health facilities and could be prevented by timely
referral and comprehensive care including treatment of

comorbidities like severe undernutrition.*

These measures may be implemented at least in the states
with higher under-detection (see Table 1 and Fig. 1) and states
with poor nutritional indicators and high load of reverse
distress migration back to the rural areas (Jharkhand, Bihar,

Odisha, Uttar Pradesh, Madhya Pradesh and Rajasthan).
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5. Limitations

The purpose of this manuscript is to bring to attention the
lockdown induced impoverishment, development and wors-
ening of malnutrition, disruption of TB services and their
potential impact on TB incidence and mortality. The numbers
for India predicted in this manuscript are estimates based on
modelling data from other studies. The log—linear relation-
ship between TB and BMI is based on six studies, all from high-
income countries.’” We have assumed similar under-detec-
tion among TB patients living with and without HIV. We have
not provided a combined increase in TB incidence and mor-
tality due to lockdown induced impoverishment and under-
detection. Despite this, the numbers estimated and presented
are significant enough for the programme to act.

The present situation is dynamic and evolving. There are
many other factors that can modify the final impact. Among
these, the response of the public health system, the social
protection provided by different state governments to the
poor and the responsiveness of the economy to the stimulus
offered will shape the future of the TB epidemic.

6. Conclusion

To conclude, there has been a large scale disruption in TB
services and worsening of socio-economic determinants of TB
in the poor in India. COVID-19 induced shock though transient
may take a significant time to return to normalcy and could
have significant impact on TB incidence and mortality. Lock-
down associated worsening of undernutrition and poverty
along with perturbation of TB detection can result in a sig-
nificant increase in TB incidence and mortality. A similar in-
crease in TB incidence and mortality was documented in Cuba
in the 1990s following an economic crisis. There is a need to
prevent this reversal of gains made in reduction of TB inci-
dence and mortality over the past five years. The Government
should immediately consider steps to counter the economic
and nutritional impact of this crisis by social protection
measures (through cash transfers), restoring livelihoods,
improving quantity and quality of diets through changes in
the PDS, ramped up enhanced (community involvement) and
active case finding initiatives in high risk groups and
emphasis on identification and management of severe TB
disease.
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