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ABSTRACT

Objective India had an estimated three to five million
excess deaths from causes attributable to SARS-CoV-2
during 2020-2021, far exceeding official government
statistics. Most deaths in India occur in rural areas,
where medical certification of deaths is limited. Yet, the
effects of the pandemic in rural settings remain largely
undocumented. We estimated the cause-specific excess
mortality in rural areas of selected states of India.

Design Longitudinal analyses of hospital mortality data.
Settings India’s Health Management Information

System (HMIS) reports the number of deaths by cause

for adolescents or adults aged 10 years or more. We
examined eight states with high coverage of the expected
number of deaths in rural areas.

Participants We analysed monthly death reports from
the HMIS, which covered approximately 0.2 million health
facilities during 2018-2023. We compared excess deaths
during the peak COVID-19 months in rural health facilities
to pre-COVID-19 and non-peak periods of 2021, and
categorised reported causes by their probable association
with COVID-19.

Primary outcome measure Excesses of cause-specific
and total mortality.

Results During the April-June 2021 SARS-CoV-2 wave,
predominantly driven by the Delta variant, monthly deaths in
rural health facilities across India surged from approximately
200000 to 500000. In eight states with high-quality
reporting, rural facility deaths increased by 270% (95% Cl
267% to 272%) compared with the same months in 2018-
2019, prior to the COVID-19 pandemic. Notably, this surge
occurred despite a sharp decline in hospital admissions
following the national lockdown in March 2020. The largest
relative increase was for fever-related and respiratory
diseases, and these deaths were markedly elevated even
when compared to non-peak months of 2021. Generalising
these findings from eight states to all of rural India yields an
estimate of approximately 2.6 million excess rural deaths in
April-June 2021. In contrast, there were few excess deaths
during the Omicron viral waves in 2022—2023.

Conclusion COVID-19 substantially increased deaths in
rural India during April-June 2021, but reassuringly, no
significant excess mortality was observed in subsequent
years. The HMIS provides an important opportunity to
strengthen routine mortality surveillance in rural India.

2,4

2 Ariel Karlinsky @ ,°® Prabhat Jha

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study used data from the national Health
Management Information System, which captures
deaths from approximately 200 000 health facilities,
to estimate cause-specific excess mortality related
to COVID-19 in rural India.

Excess deaths during successive SARS-CoV-2
waves were estimated by grouping hospital-
assigned causes of death into COVID-19-related
and unrelated categories and comparing their tem-
poral patterns with test-confirmed SARS-CoV-2
cases.

Analyses were limited to eight diverse states, rep-
resenting about 40% of rural deaths nationally, with
consistently high completeness of death reporting.
Because facility-based death reporting includes only
14 broad cause-of-death categories, the study was
restricted to assessing excess deaths within these

categories, which remained unchanged over time.

INTRODUCTION
Globally, the World Health Organization
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virus caused approximately 15million
excess deaths during 2020-2021." Subse-
quent estimates®” suggest an additional 10
million excess deaths may have occurred
during 2022-2023 globally. India alone
is believed to have accounted for around
three to five million of these excess deaths
during 2020-2021."*

The excess deaths in India constitute at
least one-third of the global gap of nine
million ‘missing’ deaths in 2020-2021,
that is, the difference between the WHO'’s
estimate of 15million excess deaths and
the six million COVID-19 deaths officially
reported by governments.'

Life expectancy in India declined by
over 2.5 years in 2021 alone, largely due
to the consequences of the COVID-19
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pandemic.’ Estimates of India’s excess mortality from
COVID-19 have been controversial as the Indian
government has been reticent to change its official
stance of about 0.4million cumulative COVID-19
deaths by December 2021. Against this, substan-
tial under-reporting of COVID-19 deaths in India is
widely acknowledged by independent researchers and
international agencies.” Four key aspects of India’s
excess mortality from COVID-19 remain largely unex-
amined. First is the impact of widespread infection
in rural areas, where nearly two-thirds of India’s
1.4 billion population lives, and where over 70% of all
the approximately 10 million annual deaths occur.”
Second, excess mortality from specific causes of death
during the April-June 2021 SARS-CoV-2 viral wave,
predominantly driven by the Delta variant, led to a
dramatic surge in infections and deaths in just over
three months.* Third, it remains unclear whether
elevated mortality continued in 2022 and 2023.
Despite India achieving high vaccination coverage
after the Delta wave in 2021,° the country experi-
enced a substantial increase in infections during the
Omicron wave of late 2021 and early 2022.” Finally,
the abrupt and complete lockdown initiated on 25
March 2020 may have affected care-seeking behaviour,
particularly in rural areas.

The completeness of death registration in India,
which is critical for estimating excess mortality, is
estimated at only about 70% nationally, and lower
in rural areas.” Medically certified causes of death
are largely limited to selected facility-based deaths,
mostly in urban areas, and covering roughly 22% of
all registered deaths.'” The Indian Sample Registra-
tion System (SRS) offers a robust national sampling
frame that captures physician-coded causes of verbal
autopsy deaths for approximately 1% of randomly-
selected homes across the country, including rural
areas. However, the SRS does not yet release monthly
data, which is needed to document the various viral
waves of SARS-CoV-2."!

In the absence of complete routine death regis-
tration data, we used India’s Ministry of Health and
Family Welfare (MoHFW) system of facility-based
deaths called the Health Management Information
System (HMIS), which covers about 200000 health
facilities across all regions of the country. The HMIS
provides a crude classification of the causes of death.
We first analysed national monthly mortality patterns
for 2020 through 2023 and the impact of the national
lockdown on facility attendance. We then focused on
eight diverse states which provide more consistent,
complete and good-quality reporting of data to assess
the cause-specific number of excess deaths in 2021-
2022. Within these states, we examined the trends in
cause-specific mortality, with particular attention to
causes of death categorised by their probable associa-
tion with COVID-19. We extrapolate our findings from
states with high-quality data to the whole of India.

METHODS

Data source

We use the data available online from the HMIS, a surveil-
lance system that tracks key indicators relevant to moni-
toring various national health programmes.12 The HMIS
covers around 200000 public hospitals (and a very few
private facilities) nationally. Facility deaths cover sub-
health centres, primary health centres, community health
centres, sub-district hospitals and district hospitals in rural
areas. The vast majority of HMIS deaths (>85%) occur
in rural areas (online supplemental appendix table 1).
The HMIS provides 14 broad causes of death for adoles-
cents and adults aged more than 10 years (online supple-
mental appendix 1 on details of the causes of death in
HMIS). HMIS admission data include information on the
number of emergency cases and inpatient and outpatient
volumes. Therefore, we focused on adolescents and adults
combined (aged 10 years and older) in rural areas only.
The HMIS cause of death classification does not follow
the International Classification of Diseases (ICD) coding
guidelines.'® Rather, it employs a broad mortality classi-
fication system, in which causes of death are assigned by
facility staff based on clinical assessment and available
medical records. While diagnostic capacity in rural facili-
ties is limited, the use of broad cause categories (eg, fever-
related, respiratory, cardiac) helps minimise potential
misclassification bias. We reclassified the 14 HMIS causes
of deaths into three COVID-19 related categories: (1)
highly related to COVID-19 (respiratory infections, fever-
related, known acute diseases, known chronic diseases,
heart diseases including hypertension and neurological
disorders including stroke); (2) less related to COVID-19
(diarrhoea, HIV/AIDS and cancer); and (3) not related
to COVID-19 (accidents, burns, suicides, tuberculosis,
animal bites or stings).

During 2018-2019, the HMIS reported 1.9-2.1 million
deaths (online supplemental appendix table 2).
According to the SRS, in 2019 and prior to the pandemic,
44% of rural deaths (and 49% nationally) occurred in
health facilities. We applied to each state the 2019 SRS-
specific proportion of rural deaths estimated to occur in
rural health facilities and compared this to the United
Nations Population Division (UNPD) ! estimates for total
deaths portioned into states by rural/urban areas, using
procedures already described.'” Thus, in 2019, the HMIS
captured about 72% of all expected rural facility deaths
based on SRS death rates. To minimise the potential bias
for incomplete or variable mortality reporting across
states, our main analysis focused on the best-performing
eight states where completeness of the reported number
of deaths in 2018-2019 exceeded 80% compared with
the expected number of deaths (online supplemental
appendix 2).

These eight states were Andhra Pradesh, Chhattis-
garh, Gujarat, Karnataka, Maharashtra, Odisha, Tamil
Nadu and West Bengal. We excluded Delhi as it is largely
urban and has many migrants, distorting the expected
numbers of deaths. We excluded three other states with
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>80% completeness: Punjab, which had implausibly high
coverage estimates (greater than 100%); Haryana, which
had a rapid increase in coverage between 2018 and 2019;
and Himachal Pradesh, which is a relatively smaller state
(online supplemental appendix 2 and appendix table
2). We used district-level monthly data for deaths among
adolescents and adults aged >10 years from January 2018
to May 2021. MoHFW stopped publishing district-level
data in May 2021. Thus, we used state-level data from June
2021 onwards.

Analysis

The excess death patterns were most pronounced during
the Delta viral wave of COVID-19 during April-June 2021;
thus, our estimations mainly focused on this period. We
compared the number of total and cause-specific deaths
during the Delta wave of April-June 2021 (R;) with
two reference groups (G;): (1) the average number of
deaths in April-June of 2018-2019 (corresponding to
pre-COVID-19 months) and (2) the average number
of deaths in all months of 2021, excluding March—]July,
representing the non-viral peak months of 2021.

We limited our first reference group to 2018-2019
because HMIS mortality reporting has shown progressive
annual improvements.'® The average deaths from these
two years, therefore, provide a more representative base-
line immediately preceding the onset of the COVID-19
pandemic. Using a longer baseline (eg, 2015-2019) could
introduce bias due to progressive improvements in HMIS
reporting quality over time. Furthermore, the HMIS did
not provide stratified data by rural-urban status prior to
April 2017.

We use the following formulae to calculate the relative
excess deaths.

>Yi(Ri—G)
> i Gi

X denotes relative excess deaths, R; denotes the number
of deaths during the ith pandemic month (April-June
2021) and G; denotes the number of deaths from the
corresponding pre-pandemic reference period (average
of April-June 2018-2019) of the same population or
the non-viral peak months of 2021. We calculated 95%
ClIs for state-level estimates by applying the SD of excess
mortality observed at the district level during the same
period, using the formulae 95% CI = ;1 + 7,0, where (1 is
the cause-specific excess mortality in the state; zo = 1.96;
and o is the standard deviation derived from district data.

Relative Excess Deaths (X) = x 100

RESULTS

We observed an unprecedented surge of deaths in rural
health facilities across India from April to June 2021,
coinciding with the Delta variant wave of COVID-19
(figure 1A). The reported number of monthly deaths
more than doubled from approximately 200 000 to nearly
500000, peaking in May 2021. A smaller increase was also
evident during September—October 2020, corresponding

to the Alpha wave. By contrast, there were no prominent
peaks in 2022 or 2023, including during the Omicron
waves of late 2021 to early 2022.

The selected eight states (figure 1B) accounted for
approximately 40% of the rural population and rural
deaths in India (table 1). Between 2018 and 2021, over
8.6million deaths among ages >10 years were reported
in rural HMIS facilities nationally, with these eight
states accounting for more than two-thirds, or around
5.9 million deaths.

The total number of polymerase-chain reaction (PCR)
confirmed (test-positive) cases of SARS-CoV-2 from offi-
cial government sources of these eight states showed a
bimodal curve with a smaller peak in September 2020
and a much larger surge during April-June 2021 (dotted
black in figure 2). A marked increase in deaths at ages =210
years in rural health facilities was observed in September
2020 and again during April-June 2021 (solid red), corre-
sponding closely in time with the surge in PCR-confirmed
cases.

The increase in rural facility deaths was observed despite
a drop of about 40% in emergency and inpatient registra-
tions, which coincided with the national lockdown on 25
March 2020 (shown in the are shaded blue). Although the
number of emergency and inpatient cases slightly improved
after the lockdown, it fell again during the time of the
Delta viral wave. Since September 2021, the overall levels
of inpatient and emergency cases remained below the pre-
pandemic levels. The monthly average number of outpa-
tient visits also dropped from around 40million before
COVID-19 to 26million during the nationwide lockdown
and declined further to 25 million during April-June 2021.
Similar patterns were observed across individual states, with
Andhra Pradesh showing the highest peaks and Chhattis-
garh the lowest (data not shown).

We examined temporal trends in causes of death grouped
by their potential association with COVID-19 (figure 3).
Each of the crude causes of death classified as highly related
to COVID-19 exhibited a decline during the nationwide
lockdown, a modest increase during the September—Oc-
tober 2020 wave and a pronounced surge during the
April-June 2021 wave, closely paralleling the trajectory of
PCR-confirmed cases shown in figure 2 (figure 3A). The
number of deaths attributed to unknown causes in HMIS
showed a similar temporal pattern to test-positive cases
(figure 3B).

Causes of death not related to COVID-19 infections, such
as accidents, burns and suicides, showed a sharp decline in
April 2020 compared with preceding months, coinciding
with the national lockdown. Thereafter, these causes followed
a similar downward trend in subsequent months as the pre-
lockdown period (figure 3C).

Deaths attributed to tuberculosis exhibit a steady decline
throughout the period, appearing largely unaffected by
either the national lockdown or the subsequent viral waves
of COVID-19. Overall patterns across individual states were
broadly consistent, though some variations were observed
in the leading causes of death during the April-June 2021
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A: Number of deaths in all facilities (all ages) in India, HMIS 2018-2023
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B: Map of India showing the selected states for the study
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Figure 1 (A) Number of deaths in all Health Management Information Systems facilities (all ages) in India, 2018-2023 and

(B) map of India showing the eight selected states for the analysis in the study. Note: Total facility deaths in (A) include both
public and private facilities in rural (over 85% of the deaths) as well as a few urban areas. Since monthly counts for 2022

and 2023 were almost identical, these 2 years have been averaged. The initials and numbers in the map correspond to each
selected state’s abbreviation, total rural deaths in 2020 reported by the United Nations (in 1000s) and in parentheses, rural
health facility deaths ages >10 years during 2018-2021 reported in HMIS (in 1000s). AP, Andhra Pradesh; CG, Chhattisgarh; GJ,
Guijarat; HMIS, Health Management Information System; KA, Karnataka; MH, Maharashtra; OD, Odisha; TN, Tamil Nadu; WB,
West Bengal.

viral wave (online supplemental appendix figure 1). The  corresponding months in 2018-19 (online supplemental
national lockdown led to a sudden and severe restriction of ~ appendix table 3).

movement and healthcare service provision. Consequently, All selected states showed similar trends in both overall
hospitalisations declined sharply, and the reported number  and cause-specific excess deaths, though some variations
of deaths was substantially lower than the average for the were observed across states (online supplemental appendix
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Table 1 Population, average number of health facilities, total deaths ages >10 years in rural health facilities and estimates of
excess deaths in eight selected states of India, 2018-2021

State/regions (rural Excess deaths in Proportion of
population 2021 Average hospital Rural health facility Proportion of rural area (2020- excess deaths
(millions) and rural coverage (2018- deaths ages >10 facility deaths 2021, all ages in (all ages) in
deaths (1000s)) 2020)* years (2018-2021)1 in India 1000s)t India

Andhra Pradesh (34,542) 9227 923 960 11 66 6
Chhattisgarh (22,236) 6563 220 065 3) 23 2

Gujarat (37,292) 13 866 331115 4 78 9

Karnataka (38, 425) 12 632 911 183 11 45 6
Maharashtra (65, 567) 13923 1024 325 12 70 12

Odisha (37, 305) 8526 762 313 9 49 8

Tamil Nadu (36, 366) 11 168 716 437 8 83 9

West Bengal (63,472) 12 388 980 530 11 106 10

State sub-total (349, 88 293 5 869 928 68 519 56

3205)

India (895, 7664) 206 367 8 623 289 100 1023 100

The rural population of India and its states was compiled from the Government of India population projections.?®

Number of rural deaths estimated from UN World Population Prospects, 2022."

*Average number of health facilities covered under HMIS reporting system during 2018-2020.

TAggregate total number of deaths ages >10 years in rural health facilities reported in HMIS during 2018-2021.

FAuthor calculation of excess deaths due to COVID-19 during 2020-2021 compared with 2018-2019 using CRS number of registered deaths
CRS during 2018-2021."

CRS, Civil Registration System; HMIS, Health Management Information System.
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Figure 2 Number of cases reported in the emergency department (all ages), cases of in-patient department (ages >18 years),
health facility deaths ages >10 years in rural health facilities and PCR confirmed SARS-CoV-2 cases (all ages) in the selected
eight states of India, 2018-2022. These states are Andhra Pradesh, Chhattisgarh, Gujarat, Karnataka, Maharashtra, Odisha,
Tamil Nadu and West Bengal. The emergency cases include the total number of cases registered in the emergency department
on each day. The in-patient cases correspond to the total number of adult males and females ages >18 years registered in the
rural health facility. The total deaths are adolescent/adult deaths aged 10 or above. PCR confirmed COVID-19 cases include the
total number of confirmed COVID-19 cases of all ages in eight selected states reported and compiled by Covid19India.org API
until October 2021, and then continued the same by Covid19Bharath.org API of DATALAB.
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A: Deaths due to causes highly related to SARS-CoV-2
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Figure 3 Deaths of adolescents/adults at ages >10 years in rural health facilities by cause 2018-2022 in eight selected states;
(A) causes highly related to SARS-CoV-2; (B) unknown causes; (C) causes not related to SARS-CoV-2. *Respiratory includes

all respiratory infections other than tuberculosis. Unknown causes were the largest categorised causes of death in the HMIS
data; therefore, we presented it separately. Causes highly related to SARS-CoV-2 include respiratory infections, fever-related,
known acute diseases, known chronic diseases, heart diseases including hypertension and neurological disorders including
stroke; causes not related to SARS-CoV-2 include accidents, burns, suicides, tuberculosis, animal bites or stings. HMIS, Health
Management Information System.
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table 4). Overall, in the selected states, 423408 excess rural
health facility deaths among individuals aged >10 years were
reported during the Deltawave in April-June 2021, compared
with the corresponding months of 2018-2019 (table 2). This
represents a 270% increase (95% CI 267% to 272%) relative
to the pre-COVID-19 baseline (average of 2018-2019) and
a 60% increase (95% CI 59% to 61%) compared with the
elevated mortality levels observed during the other months
of 2021 (January-February and August-December).

Cause-specific excess deaths during the Delta wave were
significantly elevated among all causes except tubercu-
losis, relative to both the pre-COVID-19 baseline and the
remaining months of 2021. The pattern of relative excess
mortality across causes remained largely consistent between
the two reference periods.

Compared with the 2018-2019 baseline, the highest rela-
tive excess deaths during the Delta wave were observed for
deaths due to feverrelated diseases (1016%; 95% CI 1003%
to 1029%), followed by deaths due to respiratory infections
(612%; 95% CI 598% to 626%) and deaths due to known
acute diseases (354%; 95% CI 349% to 359%). Deaths from
unknown causes also rose markedly by 315% (95% CI 311%
to 318%). Similar patterns of overall and cause-specific excess
deaths were observed across each selected states, with some
minor variation (online supplemental appendix table 5).

Across rural India, there were about 6.2million deaths
annually, or about 520000 deaths monthly, among individ-
uals aged =10 years in 2019, based on estimated UNPD death
adjusted to rural proportions in the SRS data."” Applying a
167% increase (the lowest 95% confidence interval observed
in rural facility deaths) and ignoring seasonality, this corre-
sponds to approximately 865000 excess deaths every month.
This implies around 2.6million excess deaths over three
months of the Delta wave (April-June 2021). Using the
upper confidence interval yielded an estimate of 2.7million
excess deaths.

DISCUSSION

Despite persistently lower hospital admissions in rural health
facilities following the national lockdown in late March 2020,
the massive SARS-CoV-2 viral wave driven predominantly by
the Delta variant during April-June 2021 likely resulted in
at least 2.6million excess deaths in rural regions of India.
While crude, our estimate aligns closely with other studies
estimating between three and five million excess deaths due
to COVID-19 across India during 2020-2021.' *5172!

Our results are consistent also with the excess in death
rates reported in the Registrar General of India (RGI)’s SRS
reports for for 2020 and 2021, although these do not provide
monthly data.'” As well, the RGI has published cause of death
information, but has not yet released individual year data. A
preliminary examination of these reports® shows a notable
excess of respiratory deaths at all ages in 2021.” Further
detailed analyses of these reports, as well as the Civil Regis-
tration System data®, are warranted, taking into account
both changes in registration levels or in SRS completeness
of surveys."!

No major spikes in excess deaths were observed in 2022,
likely reflecting the combined effects of widespread hybrid
immunity acquired from the household transmission during
the intense Delta wave, along with the rapid expansion of
vaccination from July 2021 onward, which achieved coverage
exceeding 90% of the population.® Since January 2022,
monthly patterns of deaths in the HMIS closely resemble
pre-COVID-19 patterns, suggesting that the impact of the
Omicron variant during late 2021 and early 2022 was modest.
Few excess deaths occurred in 2022 despite evidence from
urban Mumbai in Maharashtra state indicating that the SARS-
CoV-2 viral loads, a reliable marker of transmissibility, were
comparably high during the Omicron and Delta waves.**

The national lockdown had lasting effects on health
facility inpatient admissions, which remained below the pre-
COVID-19 levels through at least December 2023. The full
implications of this are uncertain; the 2020 SRS reported a
modest increase in underfive mortality, possibly reflecting
reduced access to health facilities for treatable childhood
illnesses such as pneumonia and diarrhoea, disruptions to
vaccination and preventive care services.” However, excess
mortality among children directly attributable to COVID-19
is likely to be small.

Our study provides the first comprehensive assessment of
cause-specific excess mortality related to COVID-19 in rural
India, using nationwide health facility death data reported
to the MoHFW. The 200000 predominantly rural health
facilities contributing to the HMIS are not fully representa-
tive of all rural deaths. However, the HMIS remains the only
national data source that has maintained a broadly consis-
tent reporting system since 2013. We focused on states with
relatively high and stable coverage of expected rural deaths;
our detailed evaluation of excess mortality by broad causes of
death is unlikely to be significantly affected by the broader
shortcomings of HMIS data across Indian states. The HMIS
provides only crude cause of death information and lacks
detailed age and sex information. Therefore, we could not
validate findings from recent household surveys suggesting
that excess COVID-19 deaths affected overall life expec-
tancy in rural India.” The classification of deaths within the
HMIS remained unchanged during the pandemic, and we
found no indication that causes were disproportionately
shifted into the unknown category (data not shown). As
expected, the largest excesses of deaths were observed for
fever and respiratory-related causes, while reassuringly low
excess deaths were observed due to accidents, burns, bites
and tuberculosis. Although comparisons with pre-COVID-19
periods are complicated by the sharp drop in hospital admis-
sions, especially during the lockdowns, interwave comparison
periods (non-pandemic months of 2021) revealed marked
surges in causes consistent with COVID-19 activity. Given
data limitations, we could not determine whether hospital
mortality increased more than home deaths, an outcome
that might have been expected if the most severely ill individ-
uals continued to seek hospital care during the Delta wave.

The HMIS is a practical system to monitor mortality, as it
primarily requires training a core group of staff in each facility.
Implementing standardised ICD-coded death certification
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across all rural hospitals would not only improve pandemic
surveillance but also support India’s broader goal of reducing
premature child and adult mortality."”

The Government of India could help inform the ongoing
debate about the true mortality toll of the various SARS-CoV-2
viral waves by including a question on deaths since 2020 in the
upcoming Census, now planned for 2027. We recommend
that the forthcoming Census modify its existing question
on mortality in the last year to this question: ‘Since January
2020, has there been a death in the house? If yes, capture
the age, sex and month of each death’.* This simple effort
would provide a simple, transparent and direct estimate of
any excess deaths during the viral waves of COVID-19.
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