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Background: Mycobacterium tuberculosis (TB) is the main infectious cause of death globally.
India carries the highest share of the global TB burden. The COVID-19 pandemic has severely
impacted access to diagnosis of TB in India, yet there is limited data on by how much TB case
reporting has decreased since the pandemic began and which factors most strongly determine
the decrease in case notification.

Methods: We utilized publicly available data on TB case reporting through the Indian Central TB
Division from January 2017 through April of 2021 (prior to the first COVID-19 related lockdown).
Using a Poisson model, we estimated seasonal and yearly patterns in TB case notification in
India from January 2017 through February 2020 and extended this estimate as the
counterfactual expected TB cases notified from March 2020 through April 2021. We
characterized the differences in case notification observed and those expected in the absence
of the pandemic by State and Territory. We then performed a linear regression to examine the
relationship between the logit ratio of reported TB to counterfactual cases and mask use,
mobility, daily hospitalizations/100,000 population, and public/total TB case reporting.

Findings: We found that 1,320,203 cases of TB may not have been reported during the
pandemic period from March 2020 through April 2021 in India, representing a 48.1% difference
with expected cases. We found that mobility data and average hospital admissions per month
per population were correlated with differences in TB case notification, compared to the
counterfactual in the absence of the pandemic (p > 0.001).

Interpretation: There was a large difference between reported TB cases in India and those
expected in the absence of the pandemic. This information can help inform the Indian TB
program as they consider interventions to accelerate case finding and notification once the
pandemic related TB service disruptions improve. Mobility data and hospital admissions are
surrogate measures that correlate with a greater difference in reported/expected TB cases and
may correlate with a disruption in TB diagnostic services. However, further research is needed
to clarify this association and identify other key contributors to gaps in TB case notifications in
India.



Introduction

In 2019, an estimated 10 million individuals developed active TB, and it was the most common
cause of death from a single infectious agent globally. [1, 2] India is the second most populous
country in the world, and carries the highest share of the TB burden, accounting for 26% of the
estimated new cases globally in 2019. [2, 3] Prior to the pandemic, efforts in India to decrease
the gap in TB case finding had demonstrated promise, with an increase in TB case finding of
60% from 2013 to 2019. [4]

The COVID-19 pandemic has upended tuberculosis control efforts, and has impacted resource
allocation for TB diagnosis, treatment, and prevention. [5, 6] Modeling estimates from early in
the pandemic demonstrated that COVID-19 control measures may have a large impact on TB
transmission, incidence, and death in the coming years, with a marked increase in TB related
deaths and a profound expected setback in TB control. [7] Early available data on case
notification from India is troubling, and demonstrated a 70% decrease in case reporting
between weeks 10 and 15 of 2020 in comparison to 2019. [6]

Because the COVID-19 pandemic has rapidly evolved, relatively few estimates of how COVID-19
suppression measures have impacted TB testing and diagnosis exist. Furthermore, although
surveys have indicated that TB services have been interrupted through reallocation of staff and
resources, no variables that are longitudinally available have been identified which correlate
with these service interruptions and might help better understand when and where gaps in TB
care exist. In India, the Central TB Division of the Government of India has provided publicly
available data on TB case notification, but no comprehensive estimate of TB disease in the
setting of the pandemic exists and no measures exist which characterize how TB diagnosis and
notification of cases are impacted by lockdown measures. [8]

There are few studies that characterize TB seasonal patterns in India, and those available
reported observations prior to 2012. [9-11] In this study, we leveraged monthly TB case
reporting data from Indian states and territories to characterize the seasonal pattern in TB case
reporting over time and estimated the counterfactual TB case notification for the period from
March 2020 to April 2021 if there had been no COVID-19 pandemic. We then examine the
contribution of various COVID-19 control measures in explaining the difference between the
expected TB cases reported in Indian states, and the actual number reported from March of
2020 to April of 2021.

Methods

Input data

Nikshay is the online publicly available TB case reporting and surveillance system through the
Central TB Division of the Ministry of Health and Family Welfare for the Indian Government. [8]
This system allows access to public and private sector TB case reporting over time in India. TB
case reporting data were abstracted from the Nikshay by month and location (state/territory)
from January of 2017 through April of 2021. Nikshay data for specific states were aggregated to
align with IHME India data for further analysis. Specifically, data from Andaman & Nicobar



Island, Dadra and Nagar Naveli, Daman, Diu, Chandigarh, Lakshadweep, and Puducherry were
aggregated as “Other Union Territories”. Data from Jammu and Kasmir, and data from Ladakh
were aggregated into the territories “Jammu, Kashmir, and Ladakh”.

Independent and dependent variables

Our dependent variable was the ratio of reported TB cases from the Nikshay to the
counterfactual number of TB cases expected in the absence of the pandemic as described
below. This variable was calculated by state and month from March 2020 through April of
2021. To better understand which independent variables correlated with subnational trends in
TB case notification gaps, we utilized the Institute for Health Metrics and Evaluation’s estimates
of control measures for India from the COVID-19 modeling strategy. [12] Our independent
variables were mobility, mask use, average hospital admissions per 100,000 population, and
ratio of public to total case notification by state/territory by month from March 2020 to April of
2021. The population estimates were from the Global Burden of Diseases, Injuries, and Risk
Factors Study. [13] The mobility covariate is measured as the relative change from pre-
pandemic baseline using data from Google and Facebook). A positive value indicates mobility
would exceed pre-pandemic baseline and a negative value indicates that mobility has
decreased below pre-pandemic baseline measures. [14] Mask use in India is estimated using
the Facebook global symptom survey (based on a survey from the University of Maryland Social
Data Science Center) and is represented as a mean probability of mask use. COVID-19 hospital
admissions per day per 100,000 population were averaged by month for each state using the
IHME COVID-19 modeling estimates. [14] Private and public TB case notifications are available
through the Nikshay database and public/total case notification ratios were also calculated by
state and month [8].

We rationalized that either a decrease in mobility or an increase in mask use would be
associated with a decreased ability to access TB diagnosis and care due to more interruption in
access to services. An increase in mask use could also be associated with a reduced
transmission and incidence of TB and subsequent reporting. Likewise, an increase in COVID-19
hospital admissions would increase the strain on health systems, and decrease allocations of
services for TB care, thus decreasing case notification. Lastly, it was postulated that private
health systems in India would be less likely to diagnose and notify TB cases due to strains in
health system capacity from the COVID-19 pandemic. It has been previously noted that private
sector providers are less likely notify TB cases than public sector providers due to logistic
barriers in screening and notification [15]. We therefore reasoned that the increase strain of
COVID-19 cases would more severely impact TB screening and notification among this group
This was expected to result in a decrease in case notification in the private sector. Therefore,
our hypothesis was that the ratio of public to total case notification (i.e., a combination of
private and public notification) would increase in states with a larger gap in reported to
expected case notification.

Data analysis
TB case reporting data from January 2017 through February 2020 (prior to the population-wide

lockdown instituted in March of 2020) were analyzed using RegMod, a software package



developed by the Mathematical Sciences team at IHME, to examine the seasonality pattern and
the overall time trend of TB case notifications. To obtain the seasonality pattern, data were first
grouped by month across years. We then ran a Poisson model using population as an offset and
a spline across months with three interior knots (placed in March, June, and September) to
estimate the seasonality pattern. Next, we computed residuals as the difference between the
observed and expected cases by month, which were used as inputs to a Poisson model to
estimate the overall time trend, using prediction from the seasonality model as the offset. This
model was then extrapolated to estimate counterfactual expected case notifications in the
absence of the pandemic from March of 2020 to April of 2021 by month and by state/territory.
The ratio of monthly reported to expected case notification was calculated by state and
territory from March of 2020 to April of 2021 (after lockdown measures were instituted). A
linear regression was then performed to examine the relationship between the logit ratio of
reported TB cases to counterfactual expected cases (our dependent variable) and mask use,
mobility, daily hospital admissions/100,000 population, and the public/total TB case reporting
ratio (our independent variables). A Shapley decomposition was performed to quantify the
contribution of each independent variable to variance in this regression model. [16, 17]

Results

Trends in TB case reporting and gaps in reported cases during the COVID-19 pandemic

Over the period from January 2017 to February 2020 there was a yearly trend towards
increased case notification with significant seasonal variation. Similar trends were observed in
State and territory reporting. There were 2,084,522 reported cases of tuberculosis in India
from March 2020 to April 2021. Utilizing our counterfactual TB case notifications in the absence
of the pandemic, there would have been 3,404,725 expected cases in the absence of the
COVID-19 pandemic. This difference represents a 48.1% decrease in case notification (Table 1).
All states and territories had a gap in reported to expected case reporting, and the % decrease
ranged from 11.9% (in Sikkim) to 60.2% (in Tamil Nadu). Over 50% of the overall difference in
reported to expected cases in the absence of the pandemic was observed in four states
(Madhya Pradesh, Maharashtra, Rajasthan, and Uttar Pradesh). Delhi had the highest
difference in case notification/100,000 population (a difference of 429 case notifications per
100,000 population), followed by Madhya Pradesh (a difference of 144 case notifications per
100,000 population) and Nagaland (a difference of 133 case notification per 100,000
population). Differences in case notification were greater earlier in 2020. Over the first 4
months of the lockdown, from March to June 2020, 34% of the total difference in case
notification was observed, which correlated with 450,536 notifications (Figure 1).
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Figure 1: Top panel - Case notification in India from January 2017 to April 2021. Grey points represent
case notification by month. The teal line represents a model fit to case notification seasonal and year
trends from January 2017 to February 2020, prior to pandemic lockdown measures in March of 2020. This
trends was then extended from March 2020 to April 2021 as the counterfactual expected cases in the
absence of the pandemic (March 2020 to April 2021). Bottom panel - time trend of expected cases
(orange line) fit to residuals (blue line) in India, January 2017 to April 2021.




Location Population | Reported cases | Expected cases Difference

N(%)
Andhra Pradesh 53677201 76618 122874 46256 (46.4)
Arunachal Pradesh 1681081 3006 3606 600 (18.2)
Assam 36035240 40421 71299 30878 (55.3)
Bihar 124300141 121347 166639 45292 (31.5)
Chhattisgarh 31797620 30964 54942 23978 (55.8)
Delhi 19219302 101797 184301 82504 (57.7)
Goa 1513669 1911 2933 1022 (42.2)
Gujarat 69750638 135235 196770 61535(37.1)
Haryana 29091616 74433 111043 36610 (39.5)
Himachal Pradesh 7569641 15441 21682 6241(33.6)
Jammu & Kashmir and Ladakh 13884379 10741 16029 5288 (39.5)
Jharkhand 38488786 52592 78191 25599 (39.1)
Karnataka 69573472 75214 120555 45341(46.3)
Kerala 34985546 23510 34182 10672 (37.0)
Madhya Pradesh 89322021 156062 284847 128785 (58.4)
Maharashtra 124388321 180490 299242 118752 (49.5)
Manipur 3575515 1822 3002 1180 (48.9)
Meghalaya 3388209 4842 7706 2864 (45.6)
Mizoram 1232020 2550 3870 1320 (41.1)
Nagaland 1879829 3788 6278 2490 (49.5)
Odisha 46582848 53852 70970 17118 (27.4)
Punjab 30803175 53329 83305 29976 (43.9)
Rajasthan 81416385 158059 252607 94548 (46.0)
Sikkim 668323 1421 1601 180 (11.9)
Tamil Nadu 79673205 80719 150202 69483 (60.2)
Telangana 38925290 69603 114807 45204 (49.0)
Tripura 3987515 2510 3601 1091 (35.7)
Uttar Pradesh 247290755 426622 753951 327329 (55.5)
Uttarakhand 11754169 22945 40675 17730 (55.7)
West Bengal 99313352 92542 145730 53188 (44.6)
India (total) 1399567791 2084522 3404725 | 1320203 (48.1)

Table 1: reported and expected TB case reporting March 2020 to April 2021 by state/territory




COVID-19 suppression measures, and their association with gaps in reported/expected TB cases

Over the period from March 2020 to April 2021 we evaluated covariates associated with the

ratio of reported to expected TB case notification by state and month (Table 2).

Decreased mobility was associated with a decrease in the ratio of reported to expected cases
(suggesting a decrease in access to TB care), and this association was significant (p < 0.001).
However, increased mask use did not show an association with a decrease in TB case
notification compared to that expected in the absence of the pandemic (p = 0.929). Average
monthly COVID-19 hospital admissions per 100,000 were inversely associated with the ratio of
reported to expected TB cases, suggesting that an increase in admissions was associated with
an increase in a gap between reported to expected TB case reporting (p < 0.001). Lastly, we
observed an increase in the public to total case notification ratio was associated with a

Covariate Mean Min, Max SD | Coefficient | P value | Shapley
% R2

Mask use 0.597 0.000, 0.858 0.200 0.172 0.929 2.34%

Mobility -33.636 -87.136,-1.937 | 16.015 0.024 <0.001 | 71.40%

Hospital admissions, per

100K population 2.291 0.004, 38.843 4.089 -0.05 <0.001 | 23.15%

Public/total case

notification ratio 0.765 0.420, 1.000 0.122 0.482 0.150 3.11%

Table 2: Evaluation of covariates in the regression model. SD = standard deviation Overall R? was 39.5%.
Coefficient for the regression, P value, and percentage contribution to the R? for mask use, mobility,
hospital admissions, and the ratio of public case notification/total case notification are demonstrated in
the table.

decrease in gaps in case notification. Our hypothesis was not supported, although it was not a
significant association (p = 0.150). The four covariates evaluated explained 39.5% of the
variation in the reported/expected case ratio; 71.4% of variance was attributed to mobility and
23.2% to COVID-19 hospital admissions.

Discussion

In this study, we’ve characterized the difference between TB case notification in India from
March of 2020 through April of 2021 and the counterfactual case notification expected in the
absence of the pandemic. We have been able to quantify a significant difference between the
number of TB case notifications during that time period, and the number that would have been
expected in the absence of the pandemic based on historical annual and seasonal trends. This
study demonstrates that over 1.3 million additional individuals would have been expected to be
identified with TB in India over the same time period in the absence of the pandemic. Prior
estimates from India and other countries evaluating the drop in TB case notifications in 2020 in
the setting of pandemic compared this number of case notifications reported to historical
values, typically TB case notifications from 2019. Many of those estimates compare reported
cases in 2020 and 2021 to historical reported cases from 2019. [6, 18-22] Our study
demonstrates that this historical comparison may be flawed in countries that have been closing
the gap in TB case notification in the past 5 years. In countries which would have expected an




increase in case notification in 2020 compared to 2019, such as India, such historical
comparison could underestimate the severity of the notification gap in the setting of the
pandemic. Our findings suggest that COVID-19 control measures may have greater lasting
implications on future TB case notification and deaths than initially estimated.

However, it is important to consider other factors unique to the COVID-19 pandemic that may
impact TB transmission in important ways. It is known that other factors specific to the
pandemic, such as mask wearing, social distancing, and decreased mobility may impact TB
transmission. For instance, human studies demonstrate that if patients with active TB wear
masks, there is a decrease in tuberculin skin test conversion and active TB disease among close
contacts, and mask use can result in as much as a 14% reduction in TST conversion. [23-28] As a
result, in high burden TB countries where mask use is elevated, there may be a protective effect
on transmission. Additionally, genetic epidemiology studies have demonstrated that as much
as 80% of TB transmission occurs outside of the home, and these transmission dynamics may
be interrupted by increased social distancing and decreased mobility. [29, 30] As a result, mask
wearing, and decreased mobility may have a role in decreasing community transmission of TB.
Conversely, there may be an increase in home transmission of TB given the increased stay at
home orders. It is worth noting that a large percentage of the decrease in TB case notification in
India occurred in the first 4 months of the lockdown (34% of the total). Although factors such
as decreased mobility and mask use may have decreased the cascade of TB transmission to
latent TB infection to active TB disease in certain settings, it is unlikely that these time
dependent factors would explain all of the large differences in case notification we
characterized in India during the first 4 months of the pandemic. What is clear is that TB
surveillance data is sorely needed in high burden TB countries as the pandemic continues to
better understand how these factors are influencing transmission dynamics. Although it will
take time to become available, cause of death data will be a key tool to help characterize how
much of the drop in case notifications is due to a decrease in case finding, and how much is due
to a decrease in transmission.

Given the ongoing COVID-19 crisis in India and Southeast Asia, and the possibility for another
wave of COVID-19 cases in many parts of Africa, it is important that surrogate measures be
developed which might allow for better estimates of the impact of COVID-19 control measures
on TB case notification. In this study, we found that mobility data and average hospital
admissions per month per population were correlated with differences in TB case notification,
compared to the counterfactual in the absence of the pandemic. As a result, these factors may
be reasonable covariates for estimating a decrease in access to TB diagnosis and treatment
and/or a reduction in incident disease, at least in India. However, other factors not included in
our model may contribute to the variance seen, as the covariates evaluated only explained
about 40% of the observed variance. Other important factors, such as health system resilience,
structure of TB services, comorbidities, population density, and poverty level are likely to be
important covariates for any model that accurately predicts the variation in TB case notification
we described in the face of the pandemic. As further data becomes available from other high
burden TB countries on TB case notification and specific covariates, a better characterization of
the association between a set of covariates and an increased gap in TB case notification can



allow for better estimates of missed TB cases and inform policy that attempts to accelerate
identification of these missed individuals.

Limitations

Multiple potential limitations exist. First, more robust data on reported cases, including
sociodemographic data, patient comorbidities, and residence (rural vs. urban, etc) will improve
the understanding of where these gaps in case notification are greatest and allow for targeted
policies to address these findings. Second, improved data on TB care outcomes among
individuals notified will allow a better characterization of how COVID-19 suppression measures
have impacted patients who access treatment within the TB treatment program. Third, data are
needed from areas with high rates of TB-HIV co-infection and drug resistant TB to better
characterize how these gaps may differ in these groups. Lastly, data is needed from more
countries in a timely way to improve how gaps in TB case notification vary by geographic
region.

Conclusion

In this study, we identified over 1.3 million fewer TB cases were reported in India than would
have been expected in the absence of the COVID-19 pandemic. Mobility data and hospital
admission were correlated with an increased difference between reported TB cases and those
expected and may be surrogate measures for disruption in TB diagnostic services or,
alternatively, the impact of mask use and decreased mobility on transmission dynamics.
Further research is needed to clarify this association, and to identify other key contributors to
the observed gap in TB case notification in India during the pandemic.
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