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Abstract

We analyse the COVID-19 transmission, severity, and public health response in five countries: India, Brazil, Italy, the United
Kingdom, and the United States. The analysis includes several key indicators: the effective reproduction number (Rt),
confirmed cases and deaths per million population, case fatality rate, and a government policy stringency index. A
derived mortality ratio is also included to assess severity relative to case incidence. Data are sourced from the Our World
in Data repository and standardised to allow for temporal comparison across countries. The results show that Brazil and
the United Kingdom experienced extended periods of uncontrolled transmission, with Rt remaining above 1 for much of
the year. Italy maintained shorter intervals over this threshold because policy enforcement was earlier and more frequent.
The case fatality rate showed significant variation, with the United Kingdom having the highest mean rate and India
having the lowest. Many nations did not show a consistent correlation between transmission and policy rigor. Although
the indicators do not take into consideration all structural and behavioral factors, they do offer a comparative view of
national trajectories. The findings provide insight into the relationship between disease outcomes, timing of
interventions, and transmission dynamics.

Categories: Health Informatics, Computational Social Science, Data Analysis

Keywords: covid 19, stringency index, reproduction rate, public health, case fatality rate

Introduction

Background and global context

When Coronavirus Disease 2019 (COVID-19) first appeared in late 2019, it quickly became a global health issue. The virus
was able to spread even when people did not have symptoms or before they showed symptoms, which is why the
outbreak started in Wuhan, China, and quickly spread to other countries. By March 2020, most countries had reported
cases and were putting emergency measures in place to stop the spread. More and more patients, problems with the
supply chain, not enough testing capacity, and not enough staff are all putting more and more stress on health systems.

The pandemic not only had direct health effects, but it also showed that public health readiness, data infrastructure, and
governance were not strong enough. Governments had to act quickly, often based on changing clinical and
epidemiological data, because science was unclear. In many places, lockdowns, travel bans, and school closures became
common. However, the timing and effectiveness of these interventions were completely unique. Because of this, 2020
was a very important time to learn about how countries dealt with the first waves of the pandemic and what happened
next. Looking at these answers gives us important information about how diseases spread and how well policies work.
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Epidemiological framework

The effective reproduction number (Rt) is a common way to talk about how quickly COVID-19 spreads. It shows how
many secondary infections a single case caused on average at a certain time. Mathematically, Rt represents the
transmission potential at time t, derived from case growth rates and disease serial interval. If the values stay above 1, it
means that the outbreak is getting worse. If the values stay below 1, it means that the epidemic is getting better. It has
been very important to keep an eye on Rt to guide public health actions [1,2]. Several studies have shown that starting
and sticking with non-pharmaceutical interventions (NPIs) early on can help bring Rt below the epidemic threshold [3,4].

The case fatality rate (CFR) and other severity measures have helped us learn even more about the national-level burden.
The CFR changes depending on things such as the population age structure, how easy it is to obtain medical care, and
how well the testing system works. CFR is advantageous but should be read carefully because reports may take longer to
come in, case definitions may not be the same across countries, and case detection completeness varies substantially
[5,6]. The CFR depends critically on testing rates, time delays in reporting, age structure of the population, and
ascertainment bias [5,6]. You can also use deaths per million people or derived mortality ratios to compare how much
disease is affecting people in different countries with different population sizes and ways of reporting.

Several attempts have created composite indices to evaluate and compare government policy responses. The Oxford
COVID-19 Government Response Tracker is one of the most popular tools. The Oxford COVID-19 Government Response
Tracker provides a daily stringency index that measures the adherence and strictness of various NPIs [7]. Some studies
that looked at the link between stringency and epidemic trends found a link with Rt and case incidence, while others
found that the effects were less strong once community spread was established [8,9]. This suggests that policy stringency
is one of many factors influencing epidemic control, and implementation quality and population adherence may matter
more than policy existence alone. Many studies have looked at country-level dynamics on their own, but fewer have used
empirical data to apply the same metrics across multiple high-burden countries. A lot of the early writing was about
either predictive modeling or short-term studies in specific areas [10,11].

Research gap and study objectives

This study attempts to fill this gap by using the same set of epidemiological and policy indicators in five countries that
had big early outbreaks: India, Brazil, Italy, the United Kingdom, and the United States. These countries have a wide range
of public health capacities, governance structures, and economic resources. While comparative analyses of cross-country
metrics exist in the literature, this study provides a systematic integration of multiple standardized indicators over the
complete 2020 calendar year, emphasizing the disconnect between policy stringency and actual epidemic control in
some national contexts and examining how policy implementation quality and timing differ from policy existence.

This study looks at COVID-19 control outcomes during the first year of the pandemic from a comparative perspective by
looking at Rt, CFR, confirmed case and death rates, policy stringency, and a derived mortality ratio. Earlier works have also
assessed transmission control measures, early outbreak forecasting, and long-term epidemic trajectories, which provide
useful background for interpreting cross-country patterns [12-15].

Materials And Methods

Data sources and indicators

The Our World in Data COVID-19 repository [15], which gathers daily, country-level data from official reports from
national and international health agencies, provided all datasets used for this study. Data were extracted on June 15,
2025, ensuring complete 2020 coverage. The following indicators were chosen:

Primary Epidemiological Indicators
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1. Rt: The Rt represents the mean number of secondary infections generated by a single infected individual at time t. Data
sources: Our World in Data aggregates estimates from published models for each country. Mathematically, Rt is derived
from case growth rates and disease serial interval. Values > 1 indicate exponential growth; values < 1 indicate epidemic
decline.

2. Confirmed Cases per Million and Deaths per Million: These numbers are adjusted for population size by using
cumulative values, which makes it possible to compare countries. Formulae: Cases per million = (Cumulative confirmed
cases X 1,000,000)/Population; Deaths per million = (Cumulative deaths x 1,000,000)/Population.

3. CFR: CFR(t) = [Deaths at time t/Cases at time t] X 100%. This is the percentage of confirmed cases resulting in reported
death. Testing rates, case definition consistency, reporting delays, and population age structure significantly influence the
CFR.

4. Stringency Index: The Oxford COVID-19 Government Response Tracker uses this measure to show how strict policies
are measured on a 0-100 scale, where 0 = no interventions and 100 = maximum stringency, including policy categories
such as closing schools, banning travel, and running public information campaigns.

5. Derived Mortality Ratio: MR(t) = Deaths per million/Cases per million, ranging from 0 to 1. This metric attempts to
account for incidence when comparing severity across countries. We note that this ratio inherits the same confounders as
CFR.

Data processing and cleaning

Five countries were selected: India, Brazil, Italy, the United Kingdom, and the United States. These countries were chosen
because they faced significant early waves and represent diverse health system capacities, governance structures, and
demographic profiles. Data processing was carried out using Python 3.9.1 with the Pandas 1.3.0 and NumPy 1.21.0
libraries.

Processing steps:
1. Country name standardization before merging datasets to ensure proper alignment.

2. Rows with missing values in key indicators were excluded unless reporting continuity was confirmed (defined as >3
consecutive non-missing values).

3. Forward filling was applied only when reporting continuity was confirmed; no interpolation or extrapolation was done
for periods with missing data to avoid introducing artificial trends.

4. CFRs and mortality ratios were recalculated from cumulative case and death counts to ensure internal consistency
across countries.

5. Seven-day rolling averages were applied to Rt, confirmed cases, and deaths to minimize daily fluctuations, reporting
irregularities, and weekend effects. Padding at series edges was applied using the forward/backward filling of boundary
values.

6.The cleaned series were merged into a single panel indexed by date and country.

Experimental setup

This study covers the period from January 1, 2020 to December 31, 2020, which represents the first full year of the COVID-
19 pandemic. Five countries were chosen: India, Brazil, Italy, the United Kingdom, and the United States. These countries
were selected because they reported high case counts early and represent varied health system capacities and policy
responses.

The analysis focused on five indicators: Rt, confirmed cases per million, deaths per million, CFR, mortality ratio, and the
government stringency index. Data were taken from Our World in Data, which compiles daily figures from national and
international health agencies.
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Data preprocessing was carried out using Python 3.9.1 with Pandas 1.3.0 and NumPy 1.21.0. Rows with missing values
were excluded unless reporting continuity was confirmed, in which case forward filling was applied. CFR and mortality
ratio were recalculated from raw case and death counts to maintain consistency. Seven-day rolling averages were applied
to Rt, case counts, and deaths to smooth daily variation and reporting artifacts.

The cleaned datasets were merged into a single panel indexed by date and country. Epidemic wave duration was
measured by counting the number of days where Rt was greater than 1.0. All plots were prepared using Matplotlib
(version 3.4.3) to visualize Rt trends, stringency levels, cases, deaths, and severity metrics. This setup allowed for a uniform
and reproducible comparison of epidemic patterns across the five countries.

Results And Discussion

Limitations

Data Quality and Reporting Heterogeneity

Our analysis relies on country-level aggregate data characterized by substantial heterogeneity in reporting practices and
surveillance capacity. Variations in testing infrastructure and case detection protocols across study countries introduce
important measurement considerations. India experienced documented underreporting of mild and asymptomatic cases
in 2020 owing to constrained testing infrastructure, whereas Brazil exhibited marked regional disparities in testing
capacity between affluent states such as Sdo Paulo and resource-limited northeastern regions. The United Kingdom
implemented rapid testing protocols earlier than comparator nations (July 2020), potentially enhancing ascertainment of
mild cases, while the United States demonstrated considerable state-level variation in testing policies alongside relatively
comprehensive testing availability. Italy, among the earliest European nations to deploy mass testing, likely achieved
more complete case ascertainment than other study settings. Death reporting similarly varied: India historically
undercounted mortality in 2020, with excess mortality analyses suggesting substantial underestimation of true deaths;
attribution criteria for COVID-19 mortality differed across jurisdictions (encompassing confirmed, probable, and
suspected classifications); and reporting delays ranging from days to weeks rendered 2020 mortality counts incomplete
at the time of analysis.

Consequently, CFR comparisons should be interpreted as reflecting within-country temporal trends rather than absolute
cross-national rankings. India's comparatively low CFR likely reflects detection bias rather than genuine differences in
disease severity, whereas the United Kingdom's elevated CFR may partially reflect more sensitive case detection
combined with an older population structure. Mortality ratios inherit these same measurement constraints. Although Our
World in Data applies standardization procedures to mitigate heterogeneity, residual variation persists; we therefore
frame findings as relative burden trajectories rather than absolute severity metrics and advise caution in cross-country
interpretation.

Structural and Demographic Confounders

Our quantitative framework does not fully account for structural heterogeneities that may influence observed
associations. Healthcare system characteristics varied considerably: the United Kingdom and Italy operate publicly
funded systems that experienced substantial capacity strain during the spring 2020 surge; the United States maintains a
mixed public-private system with pronounced geographic disparities in intensive care unit capacity and resource
allocation; Brazil's fragmented system exhibits marked inequality between affluent and underserved regions; and India
faced limited ICU capacity in 2020, particularly outside major urban centers. Population demographics further modulate
severity risk: the United Kingdom (median age approximately 40 years) and Italy (approximately 47 years) possess older
age structures associated with elevated COVID-19 severity, whereas Brazil and India exhibit younger median ages
(approximately 34 and 27 years, respectively), correlating with lower case fatality risk. Socioeconomic and governance
factors also introduce unmeasured confounding: India's large informal economy (approximately 45% of the workforce in
2020) likely attenuated lockdown effectiveness despite high stringency indices; Brazil's political polarization undermined
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adherence to centralized public health directives; the United Kingdom's dense public transportation networks may have
amplified transmission independent of policy measures; and the United States experienced coordination challenges
between federal and state authorities that created implementation gaps. While these factors are qualitatively
acknowledged, our analysis could not quantitatively integrate them. Future work incorporating healthcare capacity
indices, per capita testing rates, demographic standardization, and behavioral compliance metrics would strengthen
causal inference.

Temporal Scope Limitation

This analysis is restricted to the calendar year 2020, a deliberate scope choice with both rationale and constraints. The
2020 focus addresses our specific research question concerning initial policy responses during the first full year of the
pandemic, precedes the availability of vaccines (which would necessitate fundamentally different analytical frameworks),
and maintains methodological consistency regarding case definitions and variant nomenclature. However, this temporal
boundary precludes examination of policy evolution during 2021-2022, assessment of vaccination campaign impacts on
transmission dynamics, and evaluation of how policy effectiveness may have shifted with the emergence of novel
variants.

Rt Estimation Heterogeneity

Rt estimates utilized in this analysis are derived from Our World in Data's aggregation of multiple published
methodological approaches. This introduces several limitations: different countries may employ distinct statistical
methods to estimate Rt; aggregating across methodological frameworks introduces heterogeneity that is not fully
characterized in secondary data sources; and Rt estimates are inherently dependent on the completeness of case
detection, which varied substantially across countries and over time.

Causal Inference Limitations

Although our analysis identifies temporal associations between policy stringency indices and Rt trajectories, we cannot
establish causal relationships. This limitation arises from the observational nature of the data, the presence of multiple
unmeasured confounders (including voluntary behavioral adaptations, healthcare system capacity, demographic
structure, and variant prevalence), and the potential for reverse causality (wherein elevated Rt values may prompt policy
intensification rather than policies driving Rt reduction). Isolating the independent effect of policy measures from these
intertwined factors requires methodological approaches beyond the scope of this descriptive analysis. Future studies
employing instrumental variable strategies, difference-in-differences designs, or natural experiment frameworks would
be better positioned to disentangle policy effects from confounding influences and strengthen causal inference
regarding non-pharmaceutical intervention effectiveness.

Confirmed cases and deaths

The United States had the most confirmed cases per million people overall, followed by the United Kingdom and Brazil
(Figure 7). The United Kingdom had the most deaths per million people (Figure 2). India had the fewest cases per person,
even though it has a very large population.
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FIGURE 1: Confirmed COVID-19 Cases Per Million
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FIGURE 2: Confirmed COVID-19 Deaths Per Million

Temporal Analysis

There was a clear time gap between the peaks in cases and deaths in different countries, but the magnitude and
implications differed. Italy experienced its peak case burden in April 2020, followed by a sharp decline and brief
plateauing period (June-July) before a second wave in October-November. Brazil showed sustained high transmission
from April through December, with multiple minor peaks. The United Kingdom exhibited a pronounced first peak in April
and a more substantial second peak in December. The United States demonstrated multiple overlapping regional waves,
with peaks in July and December. India's trajectory showed a delayed peak relative to Europe, with sustained but
moderate transmission throughout the second half of 2020.

Explanatory Factors

The strength of the health system, the age composition of the population, and how complete the reporting of cases and
deaths could all be reasons for these differences. However, we acknowledge that differences in testing capacity, case
definitions, and reporting standards substantially confound direct cross-country severity comparisons.

CFR analysis

At the beginning of 2020, the United Kingdom had the highest CFR (Figure 3), with some weeks having more than 10%.
This likely reflects the older age structure of the UK population (median age ~40 years) combined with healthcare system
saturation during the spring 2020 peak and possibly incomplete case ascertainment in early months. Italy also had a high
CFR during its first wave, reflecting similar demographic and healthcare capacity factors. Brazil's CFR stayed relatively
stable, while India's and the United States's declined over time.
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FIGURE 3: COVID-19 Case Fatality Rate

However, the United States may have been substantially affected by expanded testing revealing more mild cases over
time, artificially lowering CFR. The fact that CFR is declining in most countries over time suggests that both case detection
and treatment are improving, but the fact that there are still significant differences shows that healthcare systems are not
equal and that demographic factors substantially influence outcomes.

Key Limitation

CFR is highly dependent on testing coverage, case definition consistency, reporting delays, age structure, and
ascertainment bias. Cross-country CFR comparisons should be interpreted as relative trends within countries rather than
absolute severity rankings. The United Kingdom's high CFR likely reflects both demographic factors (older population)
and healthcare system stress, while India's low CFR likely reflects incomplete case detection in 2020 rather than
intrinsically milder disease.

Stringency index and transmission control

All countries enacted stringent responses by late March. The UK (Figure 4), Italy (Figure 5), and Brazil (Figure 6)
implemented early nationwide measures. United States (Figure /) and India (Figure 8) exhibited greater variability, with
subnational differences in policy enforcement.
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FIGURE 8: India - Rt vs Stringency Index
Rt, Effective Reproduction Rate

Mortality ratio analysis

The United Kingdom had the highest ratio at the beginning of the pandemic, surpassing 0.2 by April 2020 before
progressively falling throughout the year (Figure 9). The same pattern, albeit at lower levels, was seen in Italy, which
stabilized in the middle of 2020 at 0.15. Both extremes point to a severe initial wave that caused a significant number of
recorded infections to result in deaths.

Demographic and Healthcare Context

The United Kingdom's and Italy's high initial mortality ratios reflect:

(1) older age structures (median ages ~40 and ~47 years, respectively);
(2) healthcare system saturation during spring 2020;

(3) early waves occurring before treatment protocols improved.

In contrast, the ratios for Brazil and the United States were more intermediate, remaining between 0.05 and 0.1 and
gradually decreasing by the end of 2020. India also had the lowest ratio, remaining consistently below 0.05. These
patterns most likely stem from variations in the population [age structure], medical care [capacity], and case detection.
We note that India's low ratio likely reflects underdetection of mild cases in 2020 due to limited testing infrastructure,
rather than intrinsically lower disease severity.
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FIGURE 9: COVID-19 Mortality Rate

Epidemic wave duration and transmission dynamics

The virus continued to spread in Brazil (Figure 70) and the United States for an extended period, with Rt > 1 for over 200
days. India had the fewest at 157 (Figure 77), even though total cases were high. Italy (Figure 72) managed to bring Rt
down below 1.0 more quickly; Brazil had 233 such days, the United Kingdom (Figure 73) had 214. The United States
(Figure 74) had a sharp decline in Rt by May 2020. Rt trends over time showed that the outbreak did not develop in the
same way in every country (Figure 75).

Temporal Offset Explanation
This temporal variation reflects distinct epidemiological contexts:

(1) Italy experienced the earliest wave (March-April), likely due to direct importations from China and rapid community
spread in densely populated regions, followed by effective intervention;

(2) The United Kingdom had delayed outbreak recognition (first UK deaths in mid-March) compared to Italy, resulting in
later peak control;

(3) The United States experienced multiple overlapping regional waves due to federal-state coordination gaps and
geographic heterogeneity in intervention timing;

(4) Brazil maintained sustained transmission due to documented federal-subnational policy disagreements;

(5) India showed a delayed epidemic trajectory, possibly due to younger population demographics and the substantial
informal economy reducing lockdown compliance despite high stringency.

Mortality Implications
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Places with longer waves often ended up with more deaths too, consistent with transmission dynamics theory. The 76-
day difference between Brazil (233 days) and Italy (157 days) with Rt > 1 corresponds approximately to 1-2 additional
epidemic doubling periods, representing substantially increased cumulative transmission exposure.
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FIGURE 10: Epidemic Waves for Brazil (with Rt > 1)
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FIGURE 12: Epidemic Waves for Italy (with Rt > 1)
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Conclusions

The analysis shows that among the five countries, Brazil and the United Kingdom had the longest sustained transmission,
as indicated by Rt. Even though the outbreak was severe and early, Italy was better at keeping things under control for a
longer period of time. There were several overlapping epidemic waves in the United States due to regional and
geographic variations. Despite having one of the highest absolute case counts in the world, the epidemic trajectory of
India was unique in that it had a delayed peak and shorter wave duration. The United Kingdom had the highest
cumulative deaths per million and year-round high case fatality rates. India, on the other hand, continued to have the
lowest fatality metrics on both derived and relative measures. This does not indicate lower disease severity in India but
rather reflects incomplete case detection in 2020.

This analysis has provided a more complex understanding of epidemic and disease control by combining multiple
indicators. This study gives valuable insights into how various nations, especially the severely hit ones, dealt with the first
year of the pandemic by combining measures of transmission, severity, mortality, and policy response. Key finding: Policy
stringency alone is an insufficient measure of epidemic control effectiveness; implementation quality, national
coordination, timing of interventions, and population-level behavioral responses all substantially influence outcomes. As
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future work, we can also incorporate behavioral and political determinants, including trust metrics, media landscape
analyses, and compliance surveys to better understand how governance and public response mediate policy
effectiveness.
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