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Abstract

The population health impacts of the COVID-19 pandemic are less well understood in low

and middle-income countries, where mortality surveillance before the pandemic was patchy.

Interpreting the limited all-cause mortality data available in India is challenging. We use

existing data on all-cause mortality from civil registration systems of twelve Indian states

comprising around 60% of the national population to understand the scale and timing of

excess deaths in India during the COVID-19 pandemic. We carefully characterize the rea-

sons why registration is incomplete and estimate the extent of coverage in the data. Com-

paring the pandemic period to 2019, we estimate excess mortality in twelve Indian states,

and extrapolate our estimates to the rest of India. We explore sensitivity of the estimates to

various assumptions. For the 12 states with available all-cause mortality data, we document

an increase of 28% in deaths during April 2020–May 2021 relative to expectations from

2019. This level of increase in mortality, if it applies nationally, would imply 2.8–2.9 million

excess deaths. More limited data from June 2021 increases national estimates of excess

deaths during April 2020–June 2021 to 3.8 million. With more optimistic or pessimistic

assumptions, excess deaths during this period could credibly lie between 2.8 million and 5.2

million. The scale of estimated excess deaths is broadly consistent with expectations based

on seroprevalence and COVID-19 fatality rates observed internationally. Moreover, the tim-

ing of excess deaths and recorded COVID-19 deaths is similar–they rise and fall at the

same time. The surveillance of pandemic mortality in India has been extremely poor, with

8–10 times as many excess deaths as officially recorded COVID-19 deaths. India is among

the countries most severely impacted by the pandemic. Our approach highlights the utility of

all-cause mortality data, as well as the significant challenges in interpreting it.

1. Introduction

The COVID-19 pandemic has had large impacts on population health across the world. These

impacts are less well understood in low- and middle-income countries [1–4], where routine

mortality surveillance before the pandemic was patchy [5–7]. Daily case counts and confirmed

COVID-19 deaths have been widely used in policy and public discussions, including in India.
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These disease surveillance systems are innovative in the context of India. However, it is widely

recognized that reported cases generally capture a small fraction of total infections, and that

deaths in these systems are undercounts [8–10]. All-cause mortality data, where available, has

been used to understand the overall mortality impact of the pandemic [11, 12]. In India,

numerous media reports have reported large increases in registered deaths [13–15]. Owing to

a variety of factors, interpreting these data and estimating the scale of pandemic excess deaths

in India is challenging, however.

First, the data are available only for some of India’s 36 states and union territories. Second,

vital registration varies substantially within the states from which all-cause mortality data are

available [16–18]. States differ in terms of level of mortality registration before the pandemic;

recording systems; (for instance, for online and offline registration); and the way mortality

data are organized (e.g., by date of death or date of registration) [19]. Available data may miss

not only the deaths that were not registered, but also sometimes deaths that were registered in

an offline system [13]. Third, levels and trends in registration and mortality need to be under-

stood. There is uncertainty about baseline levels of mortality and registration completion [17,

20–22]. Often, registration was slowly increasing prior to the COVID-19 pandemic [6, 23], but

was disrupted during the early phase of the pandemic. This can be observed in data from the

second phase of the fifth round of the National Family Health Survey [21]. In the states visited

by the NFHS-5 in 2021, deaths in 2020 were less likely to be registered than deaths that

occurred in 2019 and 2018 [24]. It is likely that some of this disruption was a consequence of

national lockdown. It is not clear to what extent registration recovered as lockdown eased.

Carefully considering these concerns, we use reported all-cause mortality data from India’s

civil registration system (CRS) to understand the scale and evolution of excess mortality in

India during the COVID-19 pandemic. To do so, we compile contextual information on regis-

tration, baseline mortality, the extent to which available death records are complete, as well as

trends and disruptions in death registration. We transparently lay out the many assumptions

needed to estimate excess deaths on the basis of these data. Our approach draws on, and con-

tributes to a large demographic and epidemiological literature on data quality of demographic

indicators and estimates in data constrained settings [25–27]. Given our careful attention to

death records, these findings contribute to ongoing efforts to understand and improve civil

registration systems. Because of India’s large population, epidemiological importance in the

context of the COVID-19 pandemic, as well as vulnerability to mortality crises, our findings

contribute to the global literature on the mortality impact of pandemics in low and middle

income countries. Ultimately, our approach lays out plausible estimates of excess mortality in

India given the data, paying attention to the quality of the data, the direction of biases, timing

of deaths, and the sensitivity of estimates to different assumptions.

Our overall estimates are similar to those from complementary approaches [2, 28–32]. Our

approach applies a careful adjustment process, accounting for both registration completion

and coverage in online systems. We also pay close attention to pre-pandemic registration cov-

erage, trends in registration, registration disruption during the 2020 lockdown in India, and

the extent to which available registration data is complete. We use data from the twelve states

from which monthly mortality records from January 2018 until at least May 2021 are publicly

available. These states comprise around 60% of the national population. Moving beyond the

existing literature, we consider the association in the timing of recorded COVID-19 deaths

and excess deaths. We also assess the degree to which our estimates are sensitive to the various

uncertainties, for example due to fluctuations in levels of registration, or possible differences

in the mortality impact of the pandemic in the states for which we have data and the rest of the

country.
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Our findings indicate that the mortality impact of the pandemic in India has been severe.

We estimate that the twelve states whose data we use saw around 28% more deaths than

expected from historical data between April 2020 and May 2021. The limited data from June

2021 shows considerable further rises, perhaps partly as a result of delays in registration.

Our estimates of excess deaths are broadly consistent with expectations based on COVID-

19 fatality rates given India’s age structure and the levels of spread estimated in seroprevalence

surveys. On the other hand, by June 2021, we estimate a ratio of excess deaths to official

COVID-19 deaths of over 9, indicating that official death counts have underestimated the

scale of pandemic mortality by an order of magnitude.

Nationally, we estimate around 34% more deaths over a 15 month period from April 2020–

June 2021 than expected from historical data. Uncertainties and incompleteness of the data,

most importantly the possibility of changes in levels of death registration during the pandemic,

mean that this surge could plausibly lie between 24% and 45%. These estimates place India

amongst the harder hit countries in the world during the pandemic [33, 34]. In absolute terms,

our central estimate amounts to around 3.8M excess deaths during April 2020–June 2021 with

optimistic and pessimistic estimates of 2.8M and 5.2M excess deaths respectively. Although

data from many countries is limited, consistent with other sources [2, 32], these estimates

make it likely that India is the country with the highest number of pandemic excess deaths in

the world.

2. Methods and materials

2.1 The context of mortality and civil registration in India

To use registered deaths to estimate excess deaths in any given region, we need estimates of

registration completion, namely the fraction of deaths which are registered, both before and

during the pandemic. However, there are uncertainties around registration completion prior

to the pandemic, and trends in completion.

Government estimates of completion rely on comparing registered deaths with expected

deaths. The latter are derived using population estimates and survey-based estimates of the

crude death rate (CDR). According to the 2018 Sample Registration System annual statistical

report [35], henceforth, "the 2018 SRS report", India’s CDR stood at 6.2 per 1K in 2018. Based

on this estimate, registration completion in 2019 stood at 92%, as reported in the 2019 report

on Vital Statistics of India based on the Civil Registration System [16], henceforth, the "2019

CRS report". Estimates of completion based on the 2019 SRS report [36] will be even higher.

There are, however, several reasons to believe that the estimated CDR of 6.2 is too low, and

that completion in 2019 was less than 92% [17].

A variety of data sources and approaches detailed in Appendix 1, including from the UN

population division [37] and the National Family Health Survey-5 [21], give estimates of the

national CDR in 2019 ranging from 6.0 to 7.5 per 1K, corresponding to registration comple-

tion in 2019 from 76% to 96%. A number of calculations lead to estimates of death registration

completion of around 80% [17, 20, 22]. Most relevant from our point of view here, are sub-

national estimates of registration completion in the 2019 CRS report based on sub-national

estimates of CDR. From these sub-national estimates, a national CDR in 2019 of 6.6 per 1K

can be derived, implying completion of around 86%. We use these sub-national estimates. We

note that the estimates of completion may be somewhat too high in some states. This makes

our estimates of pandemic excess mortality conservative.

While there is uncertainty around the national CDR prior to the pandemic, there is also

uncertainty about how it was changing from year to year. According to the SRS bulletins [38],

the national CDR saw a steady decline of around 1.5% per year from 6.5 in 2015 to 6.2 in 2018.
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In 2019 and 2020, estimates of CDR dropped further to 6.0 deaths per 1,000. According to UN

estimates [39], however, India’s estimated CDR was falling prior to 2015 and but saw a 1%

increase during 2015–2019. Meanwhile, population projections suggest that the national popu-

lation has been growing by around 1% per year [40]. This is also the estimated population

growth rate in states whose data we use below. Thus, the SRS estimates imply that up to 2019

year-on-year deaths were steady or falling slightly; while UN estimates suggest they could have

been rising by a little over 1% per year.

While the estimated changes in yearly deaths are fairly small, there was a larger increase in

estimated registration completion between 2018 and 2019. According to the 2019 CRS report

[16], completion nationally increased from 84.6% to 92% between 2018 and 2019. Using the

sub-national data in this report, we find an increase in estimated registration completion from

81.1% to 86.5% nationally. Completion increased from 86.9% to 92.1% between 2018 and 2019

in the twelve states from where we use data. Incomplete but increasing death registration in

Bihar was a key factor in this increase: if we remove Bihar from the picture, the remaining

eleven states together saw estimated registration completion rise from 95.7% to 98.4% between

2018 and 2019. All of these estimates assume no change in national or sub-national values of

the CDR between 2018 and 2019. It is worth noting that according to these estimates registra-

tion was approaching 100% in many states.

2.2 The available data from twelve states

Henceforth, unless stated otherwise, all estimates of registration completion during 2019 are

based on the sub-national data from the 2019 CRS report, as discussed above.

We use civil registration data from the following twelve states to arrive at estimates of excess

mortality in India: Andhra Pradesh, Bihar, Haryana, Himachal Pradesh, Karnataka, Kerala,

Madhya Pradesh, Maharashtra, Punjab, Rajasthan, Tamil Nadu and West Bengal. We refer to

these states collectively as STAR12 –a rough mnemonic for "12 States with Available Registra-

tion Statistics". In these states, partial or complete death registration data are available for at

least January 2018 to May 2021. Data are additionally available for June 2021 from Andhra

Pradesh, Karnataka and Punjab. The full data and code used in our analysis are available on

our replication repository on GitHub [41].

STAR12 accounted for 59% of the estimated 2019 national population and also 59% of esti-

mated total deaths occurring during 2019 [40]. The estimated CDR in STAR12 was thus close

to the national value. On the other hand, registration completion in STAR12 was somewhat

higher than the national average: around 92% of deaths occurring during 2019 in STAR12

were registered, as against 78% in the remainder of the country. These estimates are obtained

by comparing registered deaths in the 2019 CRS report to total deaths estimated using subna-

tional completion estimates in the same report. The calculations are available at our replication

repository [41].

Often, publicly available data do not include all registered deaths because they are from

online systems which may miss deaths registered using offline systems. The available data

includes 4,102,882 deaths, or 85% of the 4,811,595 deaths registered in STAR12 during 2019.

Deaths recorded in the available data amount to 79% of the 5,222,286 deaths estimated to have

occurred in these states during 2019 according to the SRS. We reference this fact by saying that

“coverage in the data” was 79% in 2019, i.e., the fraction of estimated total deaths in 2019 in

STAR12 which appear in the data was 79%. A flowchart depicting the attrition from estimated

deaths to registered deaths recorded in the available data is shown in Fig 1.

Table 1 shows that in individual states in STAR12 in 2019, death registration varied

between 51.6% and 100%. Coverage in the data during 2019 varied from 48% to 100%.
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Fig 1. Coverage of estimated deaths for STAR12 states in 2019.

https://doi.org/10.1371/journal.pgph.0000803.g001

Table 1. Estimated deaths, registration, and coverage in STAR12, 2019.

Deaths, registration, and coverage in 2019

Estimated

deaths

Registered

deaths

Estimated registration

completion (%)

Deaths recorded in the

available data

Estimated coverage in the available

data (%)

Andhra Pradesh 401,472 401,472 100.0 363,649 90.6

Bihar 696,413 359,349 51.6 351,248 50.4

Haryana 188,910 188,910 100.0 183,795 97.3

Himachal

Pradesh

50,501 43,633 86.4 40,970 81.1

Karnataka 508,584 508,584 100.0 508,584 100

Kerala 270,567 270,567 100.0 264,071 97.6

Madhya Pradesh 553,679 493,328 89.1 449,819 81.2

Maharashtra 693,800 693,800 100.0 462,028 66.6

Punjab 215,045 215,045 100.0 213,122 99.1

Rajasthan 457,723 451,315 98.6 219,814 48.0

Tamil Nadu 633,897 633,897 100.0 588,221 92.8

West Bengal 551,695 551,695 100.0 457,561 82.9

Total (STAR12) 5,222,286 4,811,595 92.1 4,102,882 78.6

Note: Registered deaths and estimates of completion from the 2019 CRS report are used to estimate total deaths during 2019 in STAR12 states. These can be compared

to the number of deaths in the available data to get estimates of coverage in the data during 2019.

https://doi.org/10.1371/journal.pgph.0000803.t001
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Coverage in the data in STAR12 rose from 73% in 2018 to 79% in 2019. Most of this

increase reflects an increase in registration completion rather than, say, increasing use of

online systems: in fact, the fraction of registered deaths appearing in the available data rose

only slightly, from 83.6% in 2018 to 85.3% in 2019. If we were to omit Bihar, the data appears

even more stable: the remaining eleven states saw coverage in the data rise only modestly from

80% in 2018 to 83% in 2019.

The recently released 2020 CRS report [42] does not provide monthly registration data;

however, total death registrations for 2020 given in the report for states in STAR12 are broadly

consistent with estimates from the monthly data used in this study [24].

2.3 Methods

Using historical data to predict expected deaths, key to estimating excess deaths, is challenging

in the Indian context. Pre-pandemic trends in registered deaths mainly reflect trends in regis-

tration completion rather than in mortality. On the other hand, with registration at or close to

completeness in many states (according to SRS estimates), and with considerable disruption to

registration during the pandemic, it could be misleading to extrapolate past trends of increas-

ing registration completion into the pandemic period. For this reason, we choose a relatively

simple approach. For our central estimates, expected deaths are set at estimated 2019 levels;

but we explore how changing levels of registration would affect the resulting estimates of

excess mortality. We see this approach as sufficient for the purposes of making aggregate esti-

mates; but making credible state-level estimates would require a more careful case-by-case

analysis. Preliminary state-factsheets which attempt such state-level analysis are available at

India COVID Mapping [19]. This analysis indicates that pre-pandemic trends in registration,

and the extent to which these trends were disrupted by the pandemic, may have differed in dif-

ferent states.

We proceed as follows. In each state for which the data is available, we set baseline expecta-

tions for death registrations in a given pandemic month to be registrations during the corre-

sponding month in 2019. Monthly excess registrations, namely, the difference between

observed and expected registrations each month, can be summed over any pandemic period to

obtain excess registrations during this period. We then use state-level estimates of coverage in

the data (see Table 1) to scale excess registrations in each state, obtaining estimates of excess

deaths in that state.

Following this procedure, and summing over all the states in STAR12, we obtain estimates

of excess deaths in STAR12 during April 2020–May 2021. We can then estimate excess deaths

nationally using two approaches:

1. Mortality-based extrapolation. We assume that per capita pandemic excess deaths nation-

wide were equal to in STAR12. For the denominator in these calculations, we use estimated

2020 populations.

2. P-score-based extrapolation. We refer to the percentage increase in mortality during any

given pandemic period–relative to expected baseline mortality–as the P-score [33, 43]. For

P-score-based extrapolation, we assume that the P-score nationwide was similar to that in

STAR12. As we do not have national monthly data from the pre-pandemic period, we take

monthly deaths nationally during 2019 to be one twelfth of the estimated yearly total.

Using the limited data available for June 2021, the same approaches to extrapolation can be

used to extend the national estimates of excess deaths to the period April 2020–June 2021.

We remark that other approaches to extrapolation are possible: for example, we might

attempt to use recorded COVID-19 deaths as a basis for extrapolation, i.e., to assume the ratio
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of excess deaths to COVID-19 deaths seen in STAR12 holds nationally. We reject this

approach for reasons discussed in Section 4 below.

We bear in mind that there may have been shifts in expected mortality, and in coverage in

the data during the pandemic, and carry out extensive analysis of how these might affect the

estimates later in robustness checks. These robustness checks help bound our central esti-

mates. We follow two approaches to do this: a scenario-based approach, and a Monte-Carlo

simulations-based approach.

Overall, we consider the effects on estimated excess mortality of four factors: pre-pandemic

registration completion; changes in coverage in the data between 2019 and the pandemic

period; changes in expected deaths between 2019 and the pandemic period; and possible dif-

ferences in the mortality impact of the pandemic in STAR12 and the rest of the country. A

basic sensitivity analysis in Appendix 2 reveals that of these four factors, it is changes in cover-

age in the data which can potentially cause the greatest errors in estimated excess mortality.

Based on this analysis, we examine two scenarios which we consider plausible best- and worst-

case scenarios. Table 2 summarises the scenarios:

In the simulation approach, we ran Monte-Carlo simulations allowing baseline coverage in

the data to vary by ±15% around the midpoint value estimated from the 2019 CRS report, and

pandemic period coverage in the data to change by ± 5% in each state relative to its baseline

value. In all cases, we capped coverage at 100%, i.e., any values of coverage greater than 100%

were set at 100%. We also allowed the mortality impact outside of STAR12 to vary between

80% and 120% of the impact in STAR12. Choosing uniform distributions on all parameters,

and running 10,000 simulations allowed us to generate confidence intervals on the mortality

estimates for the period April 2020–June 2021.

3 Results

3.1 Central estimates of excess mortality in STAR12 during April 2020–

May 2021

We begin by considering the 14-month period April 2020–May 2021 for which we have data

from all states in STAR12. We find 1.3M excess registrations in STAR12 during April 2020–

May 2021, amounting to 27% more registrations than expected from 2019 data.

Table 2. Optimistic and pessimistic scenarios to assess sensitivity of excess mortality estimates.

Factors Optimistic Scenario Pessimistic Scenario

Change in expected deaths

(associated with population

growth and natural increases in

CDR)

There was a 2% increase in expected

deaths in each state.

There was no change in expected

deaths relative to 2019 levels.

Baseline coverage Baseline coverage in the data was

correctly estimated.

Baseline coverage in the data was

overestimated by 5% in each state.

Change in coverage in the data There was a 5% relative increase in

coverage in the data. In other words, in

each state, the fraction of total deaths

which appear in the available data

increased by 5% during the pandemic

period relative to 2019 levels; but we

cap registration completion in any

given state at 100%.

There was a 5% relative decrease in

coverage in the data in each state

during the pandemic period.

Mortality in other states The remaining states and territories saw

a 20% lower P-score/excess mortality

than STAR12.

The remaining states and territories

saw a 20% higher P-score/excess

mortality than STAR12.

https://doi.org/10.1371/journal.pgph.0000803.t002
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If we scale the excess registrations in each state based on estimated coverage in the data dur-

ing 2019 (see Table 1), we find 1.7M excess deaths during April 2020–May 2021 in STAR12,

corresponding to a P-score of 28% in these states relative to expectations from 2019. This

amounts to 2.1 excess deaths per thousand population in STAR12 during April 2020–May

2021. These estimates assume there were no variations in expected mortality, or in coverage in

the data between 2019 and the pandemic period.

3.2 National estimates of excess mortality in STAR12 during April 2020–

May 2021

Extrapolating from observed excess mortality in the STAR12 states, we now estimate levels of

excess mortality nationally. We can do this via mortality-based extrapolation or P-score-based

extrapolation, as defined in section 2.3. The fact that the estimated crude death rate in STAR12

matches the national estimate (see section 2.2) means that these two approaches give similar

results: 27–28% more deaths nationally during April 2020–May 2021 than expected from 2019

data. This amounts to 2.8–2.9M excess deaths in this period. We discuss later the effects on our

estimates if the mortality impact in regions outside STAR12 was higher or lower than in STAR12.

3.3 Extending the national estimates to June 2021

Data for June 2021 is currently only available for three states of STAR12: Andhra Pradesh, Kar-

nataka, and Punjab, which hold around 11% of the national population. During June 2021, reg-

istrations in these states were 123% higher than registrations during June 2019. Moreover, the

ratio of excess deaths to recorded COVID-19 deaths in these three states jumped from 8.0 in

May 2021 to 11.7 in June 2021. This suggests that delays in registration following the enormous

mortality surge in May could be at least partly responsible for the high June excess deaths.

We can use either mortality-based or P-score-based extrapolations from these states to

obtain national estimates of excess deaths for June 2021. When we add these to the estimates

for April 2020–May 2021, we find estimates of national excess deaths during April 2020–June

2021 of 3.8M. This amounts to an increase of 34% over deaths expected during a 15-month

period from 2019 data, or around 2.8 excess deaths per 1K. Clearly, these figures carry greater

uncertainty, given the limited data from June.

3.4 Robustness: Sensitivity of the results to assumptions–optimistic and

pessimistic scenarios

How do the results change if we assume there were some changes in expected mortality and/or

registration completion during the pandemic, or if the mortality impact of the pandemic out-

side STAR12 differed from that in STAR12? In the optimistic scenario, as set out in Table 2, in

STAR12 we obtain 1.6 excess deaths per 1K by May 2021. Nationally, we find 1.4–1.5 excess

deaths per 1K by May 2021, rising to 2.0–2.1 by June. This equates to a total of 1.9–2.0M excess

deaths up to May 2021, rising to 2.8M by June.

In the pessimistic scenario, as set out in Table 2, in STAR12 we obtain 2.7 excess deaths per

1K by May 2021. Nationally, we find 2.9–3.0 excess deaths per 1K by May 2021, rising to 3.9 by

June. This equates to a total of 4.0–4.1M excess deaths up to May 2021, rising to 5.2M by June.

The results are summarised in Table 3 below.

3.5 Robustness: 95% confidence intervals based on Monte-Carlo simulations

The optimistic and pessimistic scenarios presented above are based on the assumption of uni-

form changes–most importantly, uniform decreases or increases in registration coverage,

PLOS GLOBAL PUBLIC HEALTH Estimates of pandemic excess mortality in India based on civil registration data

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0000803 December 9, 2022 8 / 17

https://doi.org/10.1371/journal.pgph.0000803


across the states of STAR12. However, we can also examine how the estimates change if we

allow independent variation in parameters associated with each state. To do this, we ran

Monte-Carlo simulations, as described in section 2.3. We found that despite the fairly wide

range of variation allowed in each state, 95% confidence intervals lie comfortably within the

range from the optimistic and pessimistic scenarios.

In order to check robustness of these estimates to the choice of states we include in the anal-

ysis, we then carried out the same procedure with each of the 12 states omitted. Median esti-

mates of excess deaths during April 2020–June 2021 varied between around 3.6M and 4.1M

depending on the state omitted. The results of all the simulations are in Fig 2, and code used

for the simulations is in replication materials [41]. The results indicate that the central esti-

mates, and the overall levels of uncertainty in the estimates, are not greatly affected by the

omission of any individual state from the analysis.

3.6 Robustness: Comparison of excess mortality with recorded COVID-19

deaths

In this section we assume no changes in expected deaths or registration completion, and use

mortality-based extrapolations to get national estimates. The goal is to examine how excess

mortality estimates align with official COVID-19 deaths over time.

We begin by noting the very high ratio of estimated excess deaths to official COVID-19

deaths. Overall, up to May 2021, estimated excess deaths relative to a 2019 baseline in STAR12

were 7.2 times recorded COVID-19 deaths in these states. The ratio was even higher nation-

ally: during April 2020–May 2021 the estimated national excess death toll was 8.5 times the

official COVID-19 toll. If we include estimates up to June 2021, this ratio rises to 9.5. In the

optimistic scenario detailed in the previous Section this ratio is 6.9, while in the pessimistic sce-

nario it is around 13.0.

The fact that the estimated ratio of excess deaths to recorded COVID-19 deaths nationally

is higher than in STAR12 could reflect the fact that COVID-19 disease and death surveillance

in the remaining states and territories was weaker than in STAR12. Recall that pre-pandemic

registration completion was considerably higher in STAR12 than in remaining states. In addi-

tion, there is evidence that COVID-19 disease surveillance was weaker outside STAR12: by

June 2021, per capita COVID-19 cases from STAR12 were about 70% higher than in the

remainder of the country, even though seroprevalence data from the fourth national serosur-

vey [44, 45] indicates that seroprevalence was similar across the strata. It is for this reason that

we considered extrapolation based on official COVID-19 data to carry a higher risk of bias

than extrapolation based on the level of excess mortality, or the P-score.

Table 3. Central, optimistic, pessimistic estimates of excess deaths.

Mortality-based extrapolation P-score-based extrapolation

up to May

2021

up to June

2021

up to May

2021

up to June

2021

excess deaths (M) 2.8 [1.9, 4.0] 3.8 [2.8, 5.2] 2.9 [2.0, 4.1] 3.8 [2.8, 5.2]

excess deaths per 1K population 2.1 [1.4, 2.9] 2.8 [2.1, 3.9] 2.1 [1.5, 3.0] 2.8 [2.0, 3.9]

P-score (%) 27 [18, 37] 34 [25, 45] 28 [19, 37] 34 [24, 45]

excess deaths as a fraction of annual deaths

(%)

32 [21, 43] 43 [31, 56] 32 [22, 44] 43 [31, 56]

Note: National estimates of excess deaths based on the data from STAR12. In brackets after each central estimate are

estimates based on the optimistic and pessimistic scenarios respectively (set out in Table 2). These estimates should

not be considered as confidence intervals, but rather plausible best and worst case scenarios for pandemic mortality.

https://doi.org/10.1371/journal.pgph.0000803.t003
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Qualitatively, national estimates of monthly excess deaths align well with COVID-19

deaths, as seen in the plot of the two data-sets in Fig 3. Note the very different scales.

During April 2020–Feb 2021, there is a strong linear association between estimated

monthly excess deaths relative to a 2019 baseline and recorded COVID–19 deaths: the

Fig 2. Estimates of excess deaths during April 2020–June 2021 and 95% confidence intervals, based on simulations.

https://doi.org/10.1371/journal.pgph.0000803.g002

Fig 3. Estimated monthly excess deaths in India relative to a 2019 baseline, alongside recorded COVID-19 deaths. Note: The excess deaths are

estimated from data in STAR12 according to methods described in the text and elaborated further in Appendix 2. Data on official COVID-19 deaths is

from covid19india.org (COVID19India 2021).

https://doi.org/10.1371/journal.pgph.0000803.g003
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correlation coefficient is 0.84. During April 2020–May 2021, this rises to 0.98, and drops

slightly to 0.96 over April 2020–June 2021. We note that this ecological analysis is associ-

ational, and is not intended to establish causality between excess deaths and recorded COVID-

19 deaths. Instead, the fact that recorded COVID-19 deaths and excess deaths rise and fall

together suggests that a large fraction of the excess deaths may in fact have been caused by

COVID-19.

Comparisons between the time-course of excess deaths and COVID-19 deaths provide

some clues as to how coverage in the data in STAR12 may have changed during the pandemic.

The data is consistent with initial registration disruption, followed by recovery to 2019 levels

or above. The question is how these effects summed over the duration of time for which we

have data. March–April 2020 saw 10% fewer registrations in STAR12 than March–April 2019.

Data from NFHS-5 indicates that the disruption may have caused an overall drop in registra-

tion completion during 2020 [22, 24]. On the other hand, January–March 2021 saw around

5% more death registrations than expected based on the ratio of excess to COVID-19 deaths in

STAR12 during the remaining months of April 2020–May 2021. This could reflect improved

coverage in the data by early 2021.

Given delays in registration, however, we should be cautious about interpreting changes in

the ratio of excess deaths to COVID-19 deaths as indicative of changes in coverage. Karnataka,

for example, saw 15% more death registrations during January–March 2021 than during the

same period in 2019; this was despite the fact that coverage in the data was estimated to be

100% during 2019, and that during January–March 2021 official COVID-19 deaths in Karna-

taka were low. It is possible that delays in registration could account for the somewhat higher

than expected registrations in states like Karnataka in the period between the country’s two

COVID-19 waves.

Increasing under-ascertainment of COVID-19 deaths? According to these estimates, the

ratio of excess deaths to recorded COVID-19 deaths increased from around 6.7 during April

2020–February 2021, to around 11.3 during March–May 2021. This could reflect an increase

in under-ascertainment of COVID-19 deaths during the huge 2021 surge or, possibly, an

increase in non-COVID-19 excess deaths.

The scale of the increase in this ratio may be overestimated as a consequence of early dis-

ruption to registration and subsequent recovery. For example, during April 2020–February

2021 a modest 2% decrease in coverage in the data relative to 2019 levels leads to a 17%

increase in estimated excess deaths during this period; in the other direction, a 5% increase in

coverage in the data during March–May 2021 relative to 2019 levels, would reduce excess

deaths estimates during this period by around 9%. These changes would have little effect on

the overall estimate of pandemic excess deaths but would raise the first wave ratio of excess

deaths to official COVID-19 deaths to 7.8, and lower the second–wave ratio to 10.3. Note that

even given such a shift in registration coverage, the ratio would be higher during the second

wave.

3.7 Robustness: Comparison of excess deaths and expected COVID-19

deaths based on international data

How do the estimates of excess mortality align with expectations of COVID-19 mortality given

the scale of India’s epidemic? Based on India’s estimated 2021 age-structure [40], the meta-

analysis of O’Driscoll et al. 2021 [46] predicts a COVID-19 infection fatality rate (IFR) of

0.25%, while the meta-analysis of Levin et al. 2020 [47] predicts COVID-19 IFRs of 0.42%–

0.50% depending on the assumed age-distribution of the over-80s. There are some important

caveats to such estimates: the meta-analyses differ, and both are based on 2020 COVID-19
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fatality data primarily from high income countries and so, presumably, reflect the lethality of

the original variants of SARS-CoV-2 circulating at the time, and the availability of healthcare

in high-income settings. Moreover, the predictions assume even spread of disease across dif-

ferent age groups. Having noted these caveats, what would IFR estimates of 0.25%–0.50%

imply about COVID-19 deaths nationally, and how do these expectations align with our esti-

mates of excess deaths?

Wave 1. The third national serosurvey carried out during December 2020–January 2021

estimated seroprevalence of 24.1% nationally, corresponding to approximately 325M infec-

tions nationwide [10]. Allowing a variation in prevalence of 10% in either direction, IFR esti-

mates of 0.25%–0.50% would imply 0.73–1.46M COVID-19 deaths. During April 2020–

February 2021, our central estimate of 1.05M excess deaths lies comfortably within this range.

The whole pandemic period up to June 2021. Preliminary results from the fourth national

serosurvey [45] found antibodies to SARS-CoV-2 in 62.3% of unvaccinated individuals sam-

pled, corresponding to an estimated 839M COVID-19 infections by June 2021. Bearing in

mind that these are unadjusted figures, and that some prior infections–especially older ones–

may be missed, let us suppose that 750–1000M infections (equivalent to infection rates of 56%

to 74%) had occurred by this point. IFR estimates of 0.25%–0.50% would then imply 1.9–5.0M

COVID-19 deaths. Again, our central estimate of 3.8M excess deaths is comfortably within

this range.

Thus India’s estimated excess mortality is broadly consistent with expected COVID-19

mortality based on meta-analyses using international data, and estimates of infection levels

from seroprevalence surveys. In fact, the data are consistent with the following assertions,

although none can be made definitively:

• The majority of excess deaths were likely COVID-19 deaths.

• A significant minority of excess deaths may have been either avoidable COVID-19 deaths

(caused, for example, by unavailability of medical care or oxygen); or non-COVID-19 deaths

caused, for example, by disruptions to health-care.

• During the second wave, more lethal variants and/or overwhelmed health systems may have

driven up COVID-19 IFR despite increasing vaccination coverage. We need to treat this

conclusion with some caution: registration disruption may have been particularly acute dur-

ing national lockdown and the early part of the pandemic, leading to underestimation of

first wave excess mortality. On the other hand, recovery of registration coverage to 2019 lev-

els or higher during the second wave could lead to some overestimation of second wave

excess mortality.

4. Discussion

The data from STAR12 allow us to infer with high confidence that STAR12 saw a major surge

in mortality during the pandemic. The calculations here give estimates of 2.1 excess deaths per

1K population in these states during April 2020–May 2021. Repeated nationally, this level of

excess mortality equates to around 2.8M excess deaths. Extending these estimates to June

using more limited data we estimate around 3.8M excess deaths during April 2020–June 2021.

Optimistic or pessimistic assumptions could shift these estimates by 20%–30% in either direc-

tion, while more up-to-date data are likely to push them up.

Given different age-structures and levels of development, comparing pandemic excess mor-

tality in different countries is best done by considering excess deaths as a fraction of annual

deaths. By this measure, India’s estimated excess death toll up to June 2021 was around 43% of
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its normal annual toll. Uncertainties in the data mean that this figure could plausibly lie

between 31% and 56%. Using comparisons with international data on pandemic excess deaths

as a percentage of annual deaths [34], even the lowest of these estimates places India amongst

some of the hardest hit countries in the world.

The time-course of monthly excess deaths estimated using the process here displays a sur-

prisingly strong association with recorded COVID-19 fatalities, rising and falling with the two

waves of the epidemic. This suggests that the majority of these deaths reflect consequences of

the pandemic, rather than underlying trends in mortality or death registration. This is not to

say that these were all deaths from COVID-19: there may, indeed, have been some non-

COVID-19 excess deaths. However, comparing the excess deaths estimates to expectations of

COVID-19 mortality based on disease spread suggests that the majority of excess deaths were

likely from COVID-19.

It is clear that official COVID-19 deaths have failed to capture the scale of pandemic excess

mortality in India. If most excess deaths were, indeed, from COVID-19 then under-ascertain-

ment of COVID-19 deaths has been high, with around 8–10 excess deaths for every recorded

COVID-19 death. There is also evidence that under-ascertainment increased during the huge

second wave.

There are several sources of uncertainty, which can lead to under- or over-estimation of

excess mortality in STAR12 and nationally. These have already been discussed above, but we

summarise and comment further on these below.

• The data used is not up to date. Delays in registration, and continued spread of disease, mean

that we should expect further increases in estimates of excess deaths if more data becomes

available. As some of the data we use is recorded by date of death (rather than date of regis-

tration), even totals for months where we already have data could rise.

• The data for June 2021 is from only three states. Estimates using this data carry greater uncer-

tainty. It is possible that Andhra Pradesh, Karnataka and Punjab saw greater or later spread

than the national average. Recall, however, that in these states June saw a sharp rise in the

ratio of excess to COVID-19 deaths, indicative of registrations delayed during the massive

surge in mortality in May 2021. We could see a similar pattern repeated in other parts of the

country if June data becomes available.

• There may be natural changes in yearly deaths on account of population growth and a chang-
ing CDR. The likely scale of such changes was discussed in Section 2 and found to be fairly

modest. SRS and UN estimates suggest a stable CDR in the years preceding the pandemic.

Given an estimated population growth rate of around 1% a year, and a stable CDR, an

increase in expected deaths of up to 2% for the pandemic period, relative to 2019 levels, is

plausible. This would cause a reduction of about 7% in estimates of excess mortality.

• National surge/excess mortality may not match the estimates from STAR12. It is currently

unclear in what direction data from more states and territories might push the estimates. But

there is no convincing reason to believe the rest of the country was less hard hit than

STAR12. Indeed, partial data [8, 48, 49] suggests that some of the absent states, such as Uttar

Pradesh and Gujarat, have been very badly hit during the pandemic. The effects of these

uncertainties are fairly easily quantified. For example, 20% lower or higher excess mortality

in the remainder of the country relative to STAR12 changes national excess mortality by

around 8%.

• Death registration completion prior to the pandemic may have been overestimated. We dis-

cussed earlier how death registration completion at the national level is likely overestimated
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in the 2019 CRS report, and even the sub-national estimates probably overestimate comple-

tion [22]. Overestimating pre-pandemic completion is equivalent to underestimating pre-

pandemic mortality. Taking into account some overestimation of pre-pandemic registration

completion would push up estimates of total excess deaths in an easily quantifiable way.

Excess deaths per million would go up, and so would the ratio of excess-to-COVID-19

deaths; but P-scores would not necessarily rise. Clearly, having accurate data on mortality is

of importance even in non-pandemic times; the pandemic has, however, highlighted how

critical it is.

• Death registration levels could have changed during the pandemic. Relatively small shifts in

coverage in the data would significantly impact the estimates of excess mortality. For exam-

ple, a 5% drop in coverage would increase excess mortality estimates by 20–25%. While reg-

istration coverage was gradually improving prior to the pandemic, there is evidence of

considerable disruption to registration during the pandemic. Moreover, COVID-19 may

have hit hardest in marginalised communities where death registration is weaker [50], lower-

ing overall registration levels. The pandemic and associated lockdowns may also have

changed the age-pattern of mortality, and if mortality increased most in ages where registra-

tion is poorer, this would again lower overall registration levels. Ultimately, reliable survey

estimates will be needed to shed light on how registration coverage changed during the pan-

demic. However, the strong association between excess deaths and official COVID-19 deaths

over time provides evidence that the bulk of the fluctuations in registered deaths reflect fluc-

tuations in mortality driven by the pandemic, rather than trends in registration.

Ultimately, if more data becomes available it will be possible to unravel the potential biases

with more confidence. But even the most optimistic and pessimistic views of the data do not

change the story qualitatively. Consistent with the wide spread of disease, excess mortality has

been high, and surveillance of COVID-19 deaths has been very weak.

5. Conclusion

Our findings highlight the extent to which populations are vulnerable to mortality crises in

LMIC contexts and the extent to which disease surveillance systems under-estimate mortality.

This points to the urgent need for robust systems to monitor all-cause mortality, as well as to

improve the availability of real-time data from these systems. Our analysis reveals that data

from India’s civil registration system can be challenging to analyse. Even so, this data provides

key insights into India’s pandemic mortality crisis. We find that the surveillance of pandemic

mortality in India has been extremely poor, with around 8–10 times as many excess deaths as

officially recorded COVID-19 deaths. India is among the countries most severely impacted by

the pandemic, and the pandemic is the gravest mortality crisis India has faced since its

independence.
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