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Abstract:
Background:
COVID-19 introduced an unprecedented public health catastrophe in India with a high population density and a
diverse demographic profile, along with heightened vulnerability to disease burden of the health care system. Although
early evaluations concentrated on single-year estimates, scant information is available about how direct health loss
changed over time at the national level, and numerical estimates for different pandemic waves are available only on
the basis of standard and burden-of-disease metrics.
Objective:
To estimate the year-wise and total direct health burden of COVID-19 in India for 2020-August 2025 based on
disability adjusted life years (DALYs5).
Methods:
We performed a retrospective, population-based burden of disease study in the framework of the Global Burden of
Disease. National data on COVID-19 morbidity and mortality were sourced from official Indian government and
standardized with GBD life tables and disability weights. DALY's were based on the sum of YLLs from premature
death and YLDs resulting from symptomatic infections. The estimates were calculated per year and then synthesized
over the study period.
Results:
The disease caused an estimated 18.1 million DALYs between 2020 to august 2025 in India. The burden was
overwhelmingly constituted by premature mortality, with YLLs accounting for approximately 94% of total DALYs.
The peak burden was in 2021, associated with the delta wave, and then there was a sharp decrease in the subsequent
years, fitting with improved vaccination coverage and clinical management.
Conclusions:
COVID-19 resulted in a substantial direct loss of population health in India, dominated by premature mortality and
concentrated within a single epidemic year. Year-wise DALY estimation is essential for understanding pandemic
dynamics and emphasizes the importance of standardized burden estimates to inform public health preparedness,
healthcare planning, and future pandemic responses.
Key Words: COVID-19, Disability Adjusted Life Years (DALYSs), Years of Life Lost (YLLs), Years lived with
Disability (YLDs), Global Burden of Disease (GBD), Year-wise Burden, Epidemiological Trends
How to cite this article: Anand G, Maity P, Das S, Upadhyay S, Kumari P, Singh R, Goyal S. Pandemic wave-
driven dynamics of disability-adjusted life years attributable to coronavirus in India. Int J Drug Deliv Technol.
2026;16(7s): 247-255; DOI: 10.25258/1jddt.16.75.28

1. Introduction:

The outbreak of the novel SARS-CoV-2-induced

healthcare system. Systemic weaknesses, such as poor
access to clean water and sanitation, poor socioeconomic

coronavirus disease 2019 (COVID-19) has provoked
unprecedented consequences on the global population,
almost affecting every population globally[1]. The Covid-
19 in India posed a serious challenge as it had a huge
population, extreme demographics, and a fragile
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conditions, contributed to the increased vulnerability to
disperse and poor results[2—4]. As of early 2021, India had
155,080 deaths and 43,019,453 cases reported, which is
the second-highest infection rate in the global community.
The pre-existing socioeconomic inequalities were
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revealed and compromised by the pandemic, making its 2.

Methodology:

overall health impact more extensive[5]. The Global 2.1. Study Design and Overall Analytical Framework:

Burden of Disease framework, specifically Disability-
Adjusted Life Years (DALYs) offers a more inclusive
measurement of the loss of population health, which
integrates both premature mortality and non-fatal
morbidity[6]. This will allow evidence-based comparisons
of populations and diseases that go beyond a traditional
case and death count [7, 8]. Different reports, such as
Moran et al. estimated 51,622.8 DALYSs in Ireland, with
98.5% of the years of life lost (YLLs) and Gianino et al.
reported 4,354 DALYs per 100,000 in 16 European
countries, where about 98% were due to mortality [9—12].
The reducing-burden-of-disease framework by Wyper et
al. has indicated that COVID-19 has both direct and
indirect impacts on health, such as the acute infection,
hospitalization, critical illness, and death as direct
outcomes, and also the long-term sequelae, complications,
and post-acute COVID-19 syndrome in case of long
COVID[10, 12-15]. In India, the magnitude and
distribution of COVID-19 burden varied substantially
across the pandemic, influenced by transmission
dynamics, access to healthcare, demographic risk profiles,
infection fatality rates, and the emergence of several
variants[16].A nationally representative study by Singh et
al. found that COVID-19 was responsible for 14.1 million
DALYs in India during 2020, with YLLs contributing
99.2% and YLDs only 0.8%. Urban areas had a higher
burden than rural areas, and men carried a significantly
greater burden than women[12, 17]. The 51-60 years age
group had the highest absolute DALY burden, while the
greatest rate per 100,000 population was in the age group
71-80 years[17, 18]. The pandemic in India established a
strong progressive pattern with devastating peaks in 2021,
necessitating a comprehensive DALY
assessment to achieve the dynamic evolution of the

year-wise

pandemic. C. Swain et al. documented that the health
burden more than doubled from 2020 to 2021, followed by
a sharp decline in 2022, representing life expectancy and
severe mortality[19, 20]. Excess mortality analyses have
confirmed that the second wave resulted in a massive
surge in deaths, potentially doubling all cause mortality in
several areas[21, 22].

The objective of the study is to quantify the overall and
annual direct health burden of COVID-19 in India since
2020 until August 2025 as an indicator of disability-
adjusted life years (DALYs) to quantify the temporal
variations in the pandemic waves and fill important gaps
in current evidence.
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This research utilizes a population-based, retrospective
burden-of-disease design to measure the direct health
effects of COVID-19 in India over a 5-year period, from
1 January 2020 to 1 August 2025. The primary metric for
summarizing the health impact is the disability-adjusted
life years (DALYs). The conceptual model of this study
is based on the Global Burden of Disease (GBD) method
and is largely aligned with the organization of Singh et
al. who calculated COVID-19 DALYs in India for
2020[17]. However, this work focuses only on the loss of
life and health directly caused by the disease. Following
the pattern of recent burden of disease studies in India
and other countries, COVID-19 has been represented as
a distinct cause of health loss, and DALY are accounted
for as the aggregate of years of life lost (YLLs) due to
early death and years lived with disability (YLDs) as a
result of a symptomatic infection[6].The research
follows recent worldwide burden-of-disease directions,
and hence it specifies the decisions that it made
concerning case definitions, mortality attribution, and
disability parameters in order to be compatible with local
and global COVID-19 DALY estimates[26].

2.2. Data Sources and Extraction Strategy:
According to earlier Indian studies on COVID-19
DALYs and economic cost, the Ministry of Health and
Family Welfare (MoHFW) of the Government of India
provided the country's national-level COVID-19 case and
death counts. These were cross-validated with the WHO
COVID-19 dashboard to make sure the data provided
internally constant values for the entire 2020-2025
period. Cumulative totals of laboratory-confirmed cases
and deaths were attained for each calendar year, as well
as the partial year (August 2025), via the MoHFW and
National Centre for Disease Control (NCDC) reports,
following the methods of Singh et al.[17]. The GBD 2019
reference life table was used to calculate the standard life
expectancy at each age to allow comparability with
global studies. Life expectancies at each age were based
on the GBD 2019 reference life table in order to be
comparable with studies internationally. Because the aim
was to measure only direct health effects, as such, excess
mortality models and indirect effects for example, deaths
from disrupted health care services, were not included, in
contrast with certain other multicounty or regional
studies that actually modelled excess death or indirect
outcomes.
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2.3. Estimation of Disability-Adjusted Life Years
(DALY5):

These studies demonstrate the application of disability-
adjusted life years (DALYs) methodology to quantify
COVID-19 burden across different populations. DALY's
were consistently computed using standard Global
Burden of Disease formulas, which include adding years
of life lost (YLLs) and years lived with disability
(YLDs)[15, 17].

Disability-Adjusted Life Years (DALY) = Years Of
Life Lost (YLLs) + Years Lived With Disability
(YLDs)

n
YLL = Z number of deaths
a=1

X Remaining life expectancy,
Equation 1: Years of life lost (YLL) were estimated by
multiplying the number of COVID-19 related deaths by
the residual standard life expectancy at the age of death,
with both mortality counts and conditional life
expectancy defined at the age group level. In this
equation a is age group, and n is the number of age groups

1
YLD = Z YLD,
h=1
1

YLD = number of cases, X Duration;,
h=1
X Disability weighty,
Equation 2: Years lived with disability (YLDs) were
calculated by summing, across all COVID-19 health
states, the product of the number of incident cases,
disease duration (in years), and corresponding disability
weight. In this equation, h is the health status, and 1 is the

number of health status.

The YLLs were calculated by adding the remaining life
expectancy at the average age of death to the number of
reported COVID-19 deaths within each of the age-sex
strata according to the GBD 2019 standard life table.
YLDs were calculated based on only symptomatic cases
of acute COVID-19 infection, including both long
COVID or post-acute sequelac and intensive severity-
level modelling which was employed in previous DALY
analyses to prevent double-counting, as well as to remain
specific to the direct, clinically manifest burden [6]. An
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estimate of the number of symptomatic infections was
made by multiplying an assumed fixed proportion (mid-
range of published estimates of this proportion in India
and international meta-analyses) of the annual number of
confirmed cases by the proportion of these cases with
symptoms, which compares with the methods used in
recent multi-country DALY estimates that based on
pragmatic case-severity assumptions where detailed
clinical data are unavailable[6, 12].

Other studies discuss the health burden of COVID-19 in
the disability-adjusted life years (DALYs) methodology
of various populations. With years of life lost (YLLs)
accounting 99.2 per cent of the COVID-18 burden and
0.8 per cent years lived with disability (YLDs), Singh et
al. approximated that in 2020 the COVID-18 burden in
India was 14.1 million DALY, with 99.2 per cent of the
Burden due to YLLs and only 0.8 per cent due to YLDs
with a higher burden in the urban areas and in men[17].
The result of this method is DALY estimates where YLLs
are dominant, as have been the topic of several recent
COVID-19 DALY syntheses, though the non-fatal
symptomatic disease still contributes to the total.

2.4. Year-Wise Burden Estimation Approach:
DALY were calculated (in 2020, 2021, 2022, 2023, 2024
and the 1 st January to 1 st August 2025) to estimate the
temporal patterns in the direct health impact of COVID-
19 and then added together to obtain a cumulative 5-year
burden. YLLs have been derived based on the reported
mortality and age structure of that year and represent the
steep increase in mortality in the 2021 Delta wave and the
attenuation of it with increasing vaccination coverage
and less virulent variation, also reflected in Indian and
global DALY trend analyses[17, 27]. YLDs had also been
calculated based on that year of symptomatic infection,
so that the fatal and non-fatal parts exhibit a trend of
rising and falling incidence, testing, and clinical
management over time. DALY's of the same were, in turn,
normalized per 100,000 population by year-specific
denominators to be used across years and compared with
other causes of disease in India, in keeping with the
interpretive framework that has been suggested in recent
reviews of burden-of-disease of COVID-19. This
perspective is multiyear, which enables the quantification
of the acute shock of the pandemic in the peak year and
the remaining direct health burden of the post-pandemic
period [28].
2.5. Uncertainty
Considerations:

Handling and Ethical
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Due to the main emphasis on the immediate impact, and
the use of the official national data, simplified forms of
statistics were used over fully probabilistic one:
deterministic calculation of point estimates of YLLs and
YLDs were done, and uncertainty explored via
systematic sensitivity analysis of key parameters,
including the proportion of symptomatic people, range of
disability weights, and duration of the disease, in the
pragmatic suggestion presented in recent burden-of-
disease methods articles of COVID-19[29]. A qualitative
analysis was conducted to determine the impact of
alternative parameter values on total DALYs and the
relative contribution of YLLs versus YLDs. These values
were taken from published global and regional DALY
studies as well as from Indian modelling work that
reported plausible ranges for case severity and duration.
In a semi-systematic review, the reported incidence of
YLD was reported to be 31.9%[17, 29, 30]. Consistent
with the ethical handling of data in previous Indian
COVID-19 DALY investigations, no individual-level
data were accessible; all inputs were aggregated and
publicly available statistics, negating the need for formal
ethical approval and informed consent. However, as
advised by recent cooperative efforts to standardize
national COVID-19 burden-of-disease studies, the
analysis complies with good scientific practice by openly
disclosing data sources, assumptions, and limitations[31,
32].

3. Results:

3.1. Direct impact on DALY Due to COVID-19:

The overall health loss due to COVID-19 specifically
was found to be 18,061,878 DALY attributable directly
between January 2020 and August 2025, with the major
proportion of loss contributed predominantly by YLL
estimated at close to 94%, with a lesser contribution from
YLD (6%). To enumerate the non-fatal health burden of
COVID-19, published Indian evidence on post-acute
sequelae was used to characterize disability prevalence.
A recent semi-systematic review synthesizing Indian
evidence up to March 2023 reported an integrated 31.9%
incidence of long COVID among confirmed COVID-19
cases. In accordance with the Global Burden of Disease
approach, years lived with disability (YLDs) were
estimated by combining this incidence with a disability
weight of 0.219 and a median disease duration of 0.16
years. Applying these values to national case amounts
yielded an estimated approximately 499669 YLDs
attributable to COVID-19 in India, with year-wise
variation indicating infection strategy and higher values
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during peak transmission periods[29].The cumulative
burden of 13,088 DALYs per million population
indicates an enormous direct health loss relative to other
leading communicable and non-communicable sexually
transmitted diseases in the country[17]. Crucially, these
estimates are limited to the direct and clinically apparent
effects of COVID-19 and do not include the indirect or
excess mortality associated with healthcare disruption,
deferred health interventions, impair socioeconomic
status, making this conservative but robust estimate of
health loss restricted to infection-mediated mortality and
morbidity quantified by standardized disability weights
applied by GBD together with disability duration
calculated following GBD methods and Wyper et al.
methodologies[6, 33-35].

3.2. Year-wise Burden across the Pandemic Period:
Our study findings demonstrate a pattern that closely
aligns with the predominantly mortality-focused burden
reported earlier from India and worldwide. According to
published estimates of the burden of disease in India,
COVID-19 has had a significant direct impact, primarily
due to premature mortality. Singh et al. registered 14.1
million DALY's in 2020, and this position was driven by
nearly 99% YLL and less than 1% YLD, making India
one of the highest burden countries in absolute
values[17]. The findings of the present study
demonstrates a distinctly year-based analysis that
highlighting substantial year-to-year variation over the
course of the pandemic whereas the burden amplified
from 4.9 million DALY in 2020 to a drastic maximum
of 11 million DALY in 2021 due to severe Delta wave
and then vigorously declined to 1.8 million in 2022, 0.09
million in 2023, 0.012 million in 2024, and 0.0006
million in 2025 that indicates how a single severe wave
may drive multi-year losses. When the framework is
applied to the entire period from 2020 to August 2025,
the total direct burden amounts to 18 million DALY,
largely driven by YLL loss. The whole evaluation is
figured out in “Figure 1”.
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Figure 1: This integrated evaluation indicates the acute
mortality shock of 2021, the moderate initial burden of
2020, and the gradually lower losses from 2022-2025,
associated with better clinical management, vaccination
coverage, and epidemiological control. Collectively,
these findings underscore that the COVID-19 burden of
India was rigorous in its major waves, shaped
predominantly by mortality patterns, and substantially
higher in extent than many other infectious disease
burdens naturally observed in the country.
4. Discussion:
This study estimates a broad-spectrum multi-year
assessment of health burden of COVID-19 in India by
combining both direct impact of DALY's and year wise
trends from 2020 to August 2025. Our assessment
indicates that India endured with moderate burden
during the first pandemic year followed by rapidly
receding contributions in the following years. The high
burden in a single epidemic wave illustrates how intense
outbreaks may impact long-term population health. By
accounting for temporal variation, this method
overcomes the limitations of single period estimates and
illustrates how changing transmission intensity and
mortality risk affect overall burden over time. Our
findings are largely compatible with national estimates,
that were driven by burden due to mortality and together
support the validity of DALY- based estimations for
sample based estimation of COVID-19 impact in India.
The main strength of this study is the attribution to post,
acute sequelae in standardized severity classification
using disability weights consistent with Global Burden of
Disease protocols and methodological comparison. The
most striking result of this work is the consistently high
YLL- attributable DALY rate, which persists during the
entire pandemic period. Though the share of YLD was a
lesser and around 6%, it was not negligible [17]. The
estimated YLD burden indicates high prevalence of long
COVID among survivors and demonstrated that the
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COVID-19 leads to substantial health loss not only due
to acute disease, but also through prolonged illness. Even
under uncertain durations of disability , when multiplied
with huge infected population of India, they translate into
significant absolute YLDs.

These results highlight the need to consider post-acute
sequelae in burden of disease calculations, particularly
for health planning, rehabilitation services and long-term
follow-up of individuals who have survived COVID-
19[29].

Findings from our analysis suggest that the spread and
time horizon of postacute effects vary greatly between
studies, and adjusting these assumptions in individual
analyses has a large impact on YLD estimates. The
potential for higher long COVID incidence, in particular
during the pre-vaccination period, indicates that the non-
fatal burden could be underestimated, reinforcing the
need for regular updates as new clinical evidence
emerges. In India, even modest increases in long-COVID
rate could substantially increase DALY's due to the large
population and health system constraints. Mortality
assumptions remain a critical while we used reported
deaths for consistency, excess-mortality assessments
suggest higher cumulative DALYs[17]. Our analysis
depends upon reported deaths for internal consistency
across years, but it is likely that the cumulative burden
would be substantially higher under alternative mortality
results. Accordingly, we recommend presenting scenario
estimates based on reported deaths, IHME-based excess-
mortality adjustments, and an intermediate midpoint
scenario to document uncertainty and support
policymakers. This study provides a year-wise analysis,
by integrating multi-year data and adherence to standard
DALY protocols, offering a consistent and accurate
assessment of the pandemic situation of India while
reflecting specific epidemiological conditions than
single-year studies.

However, several limitations include improvement. First,
although our severity distribution assumptions were
consistent with national and international literature, the
actual proportions likely varied temporally with
vaccination poll data, viral variants, and testing capacity.
Adjusting severity proportions by more or less than 10—
20% in sensitivity analyses should be considered to
quantify their effect on DALY which was not under
assumption. Secondly mortality under-reporting remains
amajor challenge. While our study analysis used reported
data for consistency, excess-death adjustments would
increase total DALYs, especially for 2020 and 2021.
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Finally, indirect effects like health-system disruption,
which were excluded from the aim of this study but likely
contributed substantially to the overall pandemic burden.
In spite of these limitations, the findings have important
policy implications. The DALY burden of a single wave
emphasizes the critical role of early detection systems,
surge capacity planning and adaptable clinical
infrastructure. The large YLLs component suggests the
importance of equitable vaccination coverage and
mortality monitoring. The year-wise data reflects
sustained reductions in burden from later years that relate
to better clinical management, increasing vaccination,
and decreased viral virulence. Embedding DALY metrics
into regular health policy planning enables the
preparedness for future pandemics to be enhanced by
quantifying fatal and non-fatal outcomes in one
comparable framework.
5. Conclusion:

The study represents a national level multi-year estimate
of direct health burden due to COVID-19 in India based
on a standard DALY calculation method and captures the
complete temporal dynamism of pandemic spread since
2020 up to August 2025. Results demonstrate COVID-19
caused substantial population health loss, driven by
premature mortality and with major burden concentrated
during the Delta wave in 2021. The sudden decline in
DALYs from the following year onwards represents a
composite effect of enhanced vaccination coverage,
better patient care and emerging viral strains. However,
when also taking year-on-year variation into account it is
still a way of interpreting the effect of the pandemic that
is more policy relevant than using a single year
assessment and allows for clearer attribution of health
gains to control measures or system responses.
Methodologically, this study reinforces DALYs as a
universal measure to contextualize COVID-19 within
larger epidemiological disease burden of India and
enabling comparisons over time and with other diseases.
Despite focusing direct, clinical outcomes, the findings
provide a potent baseline for incorporating excess
mortality and long-term sequelae in future analysis.
Overall, the study emphasizes that monitoring the burden
of disease at a very detailed level over a long period is
necessary to be prepared for the next pandemic.
Systematically including DALY evaluations by year into
regular health development can be instrumental in
enhancing early warning systems, facilitating the
efficient use of resources during epidemic waves, and
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providing a basis for implementing measures that can
prevent deaths in future public health crises.

Funding

No funding received for this study.

Conflict of Interest

All the authors have no conflict of interest.

Data availability

The analyzed data are available along with the
manuscript.

Ethical Consideration

Informed consent for the collection of epidemiological
data was not necessary because the information was
already coded and publicly accessible. The study did not
involve any identifiable personal information.

Reference:

Ahmadi-Abbhari, Sara, Piotr Bandosz, Martin J. Shipley,
Joni V. Lindbohm, Abbas Dehghan, Paul Elliott,
and Mika Kivimaki. 2025. “Direct and Indirect
Impacts of the COVID-19 Pandemic on Life
Expectancy and Person-Years of Life Lost with and
without Disability: A Systematic Analysis for 18
European Countries, 2020-2022.” PLOS Medicine
22(3 March).
doi:10.1371/JOURNAL.PMED.1004541.

An, Ning, Dingding Qian, Weifeng Xu, and Bingyu
Wang. 2025. “Unveiling the Global Impact of
Hypertensive Heart Disease among Individuals
Aged > 65 Years: Metabolic Risk Factors and
Future Projections for 2050.” Frontiers in Nutrition
12:1611078.
doi:10.3389/FNUT.2025.1611078/BIBTEX.

Anand, Gaurav, Sharad Upadhyay, Chirag Pasricha, and
Ravinder Singh. 2024. “Prevalence of Long
COVID in India and Its Impact on Morbidity in
Terms of Years Lived with Disability: A Semi-
Systematic Review.” AIP Conference Proceedings
3209(1). doi:10.1063/5.0228037/3316576.

Asad, Ali, Siddharth Srivastava, and Mahendra K.
Verma. 2020. “Evolution of COVID-19 Pandemic
in India.” Transactions of the Indian National
Academy of Engineering 5(4):711.
doi:10.1007/S41403-020-00166-Y.

Barfar, Eshagh, Behzad Raei, Salman Daneshi, Fatemeh
Bagher Barahouei, and Kiavash Hushmandi. 2025.
“The Burden of COVID-19 Based on Disability-
Adjusted Life Years: A Systematic Review of
Available Evidence.” Frontiers in Public Health 13.
doi:10.3389/FPUBH.2025.1401726.

252



Pandemic Wave-Driven Dynamics of Disability-Adjusted Life Years Attributable to Coronavirus in India

Bramhankar, Mahadev, and Murali Dhar. 2025.
“Diseases Burden and Epidemiological Transition
Status at the National and Sub-National Level in
India: A Contemporary Perspective.” Discover
Public Health 2025 22:1 22(1):63-.
doi:10.1186/S12982-025-00453-5.

Cascini, Fidelia, Ana Pantovic, Yazan A. Al-Ajlouni,
Valeria Puleo, Lucia De Maio, and Walter
Ricciardi. 2024. “Health Data Sharing Attitudes
towards Primary and Secondary Use of Data: A
Systematic Review.” EClinicalMedicine
71:102551. doi:10.1016/J. ECLINM.2024.102551.

Chen, Xiaoqin, Hui Lin, Yinlian Wu, Mingfang Wang, Su
Lin, and Jiaofeng Huang. 2025. “The Impact of the
COVID-19 Pandemic on the Global Burden of
Type 2 Diabetes: A Study Based on GBD 2021
Data.” Frontiers in Endocrinology 16:1600333.
doi:10.3389/FENDO.2025.1600333/FULL.

Dibyachintan, S., P. Nandy, K. Das, S. Vinjanampathy,
and M. K. Mitra. 2023. “Unequal Lives: A

Sociodemographic ~ Analysis of COVID-19
Transmission and Mortality in India.” Public
Health 214:133-39.

doi:10.1016/J.PUHE.2022.11.009.

Fan, Chiao Yun, Jean Ching Yuan Fann, Ming Chin Yang,
Ting Yu Lin, Hsiu Hsi Chen, Jin Tan Liu, and Kuen
Cheh Yang. 2021. “Estimating Global Burden of
COVID-19 with Disability-Adjusted Life Years
and Value of Statistical Life Metrics.” Journal of
the Formosan Medical Association 120:S106-17.
doi:10.1016/j.jfma.2021.05.019.

Gebeyehu, Daniel Teshome, Leah East, Stuart Wark, and
Md Shahidul Islam. 2023. “Disability-Adjusted
Life Years (DALYs) Based COVID-19 Health
Impact Assessment: A Systematic Review.” BMC
Public Health 23(1):334. doi:10.1186/S12889-023-
15239-0.

Gianino, M. M., A. Savatteri, G. Politano, M. C. Nurchis,
D. Pascucci, and G. Damiani. 2021. “Burden of
COVID-19: Disability-Adjusted Life Years
(DALYs) across 16 European Countries.”
European Review for Medical and
Pharmacological =~ Sciences  25(17):5529-41.
doi:10.26355/EURREV 202109 26665.

Guleria, Randeep, and Deep Narayan Srivastava. 2020.
“Editorial 53 COVID-19: A Global Health
Concern.” ©2020 National Academy of Medical
Sciences (India) Ann Natl Acad Med Sci 2:53-54.
doi:10.1055/5-0040-1713959.

IJDDT, Volume 16 Issue 7s, 2026

Imdad, Kashif, Mehebub Sahana, Md Juel Rana, Ismail
Haque, Priyank Pravin Patel, and Malay Pramanik.
2021. “A District-Level Susceptibility and
Vulnerability Assessment of the COVID-19
Pandemic’s Footprint in India.” Spatial and Spatio-
Temporal Epidemiology 36:100390.
doi:10.1016/J.SSTE.2020.100390.

Jha, Prabhat, Yashwant Deshmukh, Chinmay Tumbe,
Wilson Suraweera, Aditi Bhowmick, Sankalp
Sharma, Paul Novosad, Sze Hang Fu, Leslie
Newcombe, Hellen Gelband, and Patrick Brown.
2022. “COVID Mortality in India: National Survey
Data and Health Facility Deaths.” Science (New
York, N.Y) 375(6581):667-71.
doi:10.1126/SCIENCE.ABM5154.

Jo, Min Woo, Dun Sol Go, Rhieun Kim, Seung Won Lee,
Minsu Ock, Young Eun Kim, In Hwan Oh, Seok
Jun Yoon, and Hyesook Park. 2020. “The Burden
of Disease Due to COVID-19 in Korea Using
Disability-Adjusted Life Years.” Journal of Korean
Medical Science 3521).
doi:10.3346/JKMS.2020.35.E199.

John, Denny, M. S. Narassima, Jaideep Menon, Jammy
Guru Rajesh, and Amitava Banerjee. 2021.
“Estimation of the Economic Burden of COVID-
19 Using Disability-Adjusted Life Years (DALYs)
and Productivity Losses in Kerala, India: A Model-
Based Analysis.” BMJ Open 11(8):¢049619.
doi:10.1136/BMJOPEN-2021-049619.

Kumar, G. Anil, Anamika Pandey, Sailesh Mohan,
Dorairaj Prabhakaran, and Rakhi Dandona. 2024.
“Age- and Sex-Disaggregated Disease Burden
among the Older Persons in India.” BMC
Geriatrics 24(1):1019. doi:10.1186/S12877-024-
05614-W.

Kuru, Taner. 2024. “Lawfulness of the Mass Processing
of Publicly Accessible Online Data to Train Large
Language Models.” International Data Privacy
Law 14(4):326-51. doi:10.1093/IDPL/IPAE013.

Leftler, Christopher T., Joseph D. Lykins, Saurav Das,
Edward Yang, and Sneha Konda. 2022.
“Preliminary Analysis of Excess Mortality in India
During the COVID-19 Pandemic.” The American
Journal of Tropical Medicine and Hygiene
106(5):1507-10. doi:10.4269/AJTMH.21-0864.

Mallah, Saad I., Omar K. Ghorab, Sabrina Al-Salmi,
Omar S. Abdellatif, Tharmegan Tharmaratnam,
Mina Amin Iskandar, Jessica Atef Nassef Sefen,
Pardeep Sidhu, Bassam Atallah, Rania El-

253



Pandemic Wave-Driven Dynamics of Disability-Adjusted Life Years Attributable to Coronavirus in India

Lababidi, and Manaf Al-Qahtani. 2021. “COVID-
19: Breaking down a Global Health Crisis.” Annals
of Clinical Microbiology and Antimicrobials 2021
20:1 20(1):35-. doi:10.1186/512941-021-00438-7.

Moran, Declan Patrick, Sara Monteiro Pires, Grant M. A.
Wyper, Brecht Devleesschauwer, Sarah Cuschieri,
and Zubair Kabir. 2022. “Estimating the Direct
Disability-Adjusted Life Years Associated With
SARS-CoV-2 (COVID-19) in the Republic of
Ireland: The First Full Year.” International Journal
of Public Health 67.
doi:10.3389/1JPH.2022.1604699.

Pal, Rimesh, and Urmila Yadav. 2020. “COVID-19
Pandemic in India: Present Scenario and a Steep
Climb Ahead.” Journal of Primary Care &
Community  Health  11:2150132720939402.
doi:10.1177/2150132720939402.

Patel, Ritu Bhaumik, and Bhaumik Bipinchandra Patel.
2022. “An Analysis of the COVID-19 Situation in
India in Terms of Testing, Treatment, Vaccine
Acceptance and National Economic Performance.”
International Journal of Public Health 67.
doi:10.3389/1JPH.2022.1604975.

Pathak, Praveen Kumar, Yadawendra Singh, Sandhya R.
Mabhapatro, Niharika Tripathi, and Jyoti Jee. 2020.
“Assessing Socioeconomic Vulnerabilities Related
to COVID-19 Risk in India: A State-Level
Analysis.” Disaster Medicine and Public Health
Preparedness 16(2):1. doi:10.1017/DMP.2020.348.

Pires, Sara Monteiro, Grant M. A. Wyper, Annelene
Wengler, José L. Pefialvo, Romana Haneef, Declan
Moran, Sarah Cuschieri, Hernan G. Redondo,
Robby De Pauw, Scott A. McDonald, Lynelle
Moon, Jad Shedrawy, Elena Pallari, Periklis
Charalampous, Brecht Devleesschauwer, and
Elena Von Der Lippe. 2022a. “Burden of Disease
of COVID-19: Strengthening the Collaboration for
National Studies.” Frontiers in Public Health
10:907012.
doi:10.3389/FPUBH.2022.907012/BIBTEX.

Pires, Sara Monteiro, Grant M. A. Wyper, Annelene
Wengler, José L. Pefialvo, Romana Haneef, Declan
Moran, Sarah Cuschieri, Hernan G. Redondo,
Robby De Pauw, Scott A. McDonald, Lynelle
Moon, Jad Shedrawy, Elena Pallari, Periklis
Charalampous, Brecht Devleesschauwer, and
Elena Von Der Lippe. 2022b. “Burden of Disease
of COVID-19: Strengthening the Collaboration for
National Studies.” Frontiers in Public Health

IJDDT, Volume 16 Issue 7s, 2026

10:907012.
doi:10.3389/FPUBH.2022.907012/BIBTEX.
Salvatore, Maxwell, Soumik Purkayastha, Lakshmi
Ganapathi, Rupam Bhattacharyya, Ritoban Kundu,
Lauren Zimmermann, Debashree Ray, Aditi Hazra,
Michael Kleinsasser, Sunil Solomon, Ramnath
Subbaraman, and Bhramar Mukherjee. 2022.
“Lessons from SARS-CoV-2 in India: A Data-
Driven Framework for Pandemic Resilience.”

Science Advances 8(24).
doi:10.1126/SCIADV.ABP8621;PAGE:STRING:
ARTICLE/CHAPTER.

Shedrawy, Jad, Patricia Ernst, Knut Lonnroth, and
Fredrik Nyberg. 2023. “The Burden of Disease Due
to COVID-19 in Sweden 2020-2021: A Disability-
Adjusted  Life Years (DALYs) Study.”
Scandinavian Journal of Public Health 51(5):673—
81. doi:10.1177/14034948231160616.

Singh, Balbir B., Brecht Devleesschauwer, Mehar S.
Khatkar, Mark Lowerison, Baljit Singh, Navneet
K. Dhand, and Herman W. Barkema. 2022.
“Disability-Adjusted Life Years (DALYs) Due to
the Direct Health Impact of COVID-19 in India,
2020.” Scientific Reports 12(1).
doi:10.1038/S41598-022-06505-Z.

Singh Negi, Sunil, Nitin Sharma, and Haci Mehmet
Baskonus. 2024. “Dual-Strain Dynamics of
COVID-19 Variants in India: Modeling, Analysis,
and Implications for Pandemic Control.” Gene
926:148586. doi:10.1016/J.GENE.2024.148586.

Swain, Chandan Kumar, and Himanshu Sekhar Rout.
2023a. “Gender and Age Group-Wise Inequality in
Health Burden and Value of Premature Death from
COVID-19 in India.” Aging and Health Research
3(3). doi:10.1016/j.ahr.2023.100151.

Swain, Chandan Kumar, and Himanshu Sekhar Rout.
2023b. “Gender and Age Group-Wise Inequality in
Health Burden and Value of Premature Death from
COVID-19 in India.” Aging and Health Research
3(3). doi:10.1016/j.ahr.2023.100151.

Tsai, Hsin Chieh, Ying Fei Yang, Cheng Chieh Hsieh, Si
Yu Chen, and Szu Chieh Chen. 2024. “Measuring
Disease Burden of Dominant Variants of COVID-
19 in Taiwan.” Heliyon  10(8):29868.
doi:10.1016/J.HELIYON.2024.E29868.

Wyper, Grant M. A., Ricardo M. A. Assun¢ao, Edoardo
Colzani, Ian Grant, Juanita A. Haagsma, Giske
Lagerweij, Elena Von der Lippe, Scott A.
McDonald, Sara M. Pires, Michael Porst, Niko

254



Pandemic Wave-Driven Dynamics of Disability-Adjusted Life Years Attributable to Coronavirus in India

Speybroeck, and Brecht Devleesschauwer. 2021. International Journal of Public Health 66:619011.
“Burden of Disease Methods: A Guide to Calculate doi:10.3389/1JPH.2021.619011.
COVID-19 Disability-Adjusted Life Years.”

1JDDT, Volume 16 Issue 7s, 2026 255



