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Abstract

Background: COVID-19 transmission rates in South Asia initially were under control when governments implemented health
policies aimed at controlling the pandemic such as quarantines, travel bans, and border, business, and school closures. Governments
have since relaxed public health restrictions, which resulted in significant outbreaks, shifting the global epicenter of COVID-19
to India. Ongoing systematic public health surveillance of the COVID-19 pandemic is needed to inform disease prevention policy
to re-establish control over the pandemic within South Asia.

Objective: This study aimed to inform public health leaders about the state of the COVID-19 pandemic, how South Asia displays
differences within and among countries and other global regions, and where immediate action is needed to control the outbreaks.

Methods: We extracted COVID-19 data spanning 62 days from public health registries and calculated traditional and enhanced
surveillance metrics. We use an empirical difference equation to measure the daily number of cases in South Asia as a function
of the prior number of cases, the level of testing, and weekly shifts in variables with a dynamic panel model that was estimated
using the generalized method of moments approach by implementing the Arellano–Bond estimator in R.

Results: Traditional surveillance metrics indicate that South Asian countries have an alarming outbreak, with India leading the
region with 310,310 new daily cases in accordance with the 7-day moving average. Enhanced surveillance indicates that while
Pakistan and Bangladesh still have a high daily number of new COVID-19 cases (n=4819 and n=3878, respectively), their speed
of new infections declined from April 12-25, 2021, from 2.28 to 2.18 and 3.15 to 2.35 daily new infections per 100,000 population,
respectively, which suggests that their outbreaks are decreasing and that these countries are headed in the right direction. In
contrast, India’s speed of new infections per 100,000 population increased by 52% during the same period from 14.79 to 22.49
new cases per day per 100,000 population, which constitutes an increased outbreak.

Conclusions: Relaxation of public health restrictions and the spread of novel variants fueled the second wave of the COVID-19
pandemic in South Asia. Public health surveillance indicates that shifts in policy and the spread of new variants correlate with a
drastic expansion in the pandemic, requiring immediate action to mitigate the spread of COVID-19. Surveillance is needed to
inform leaders whether policies help control the pandemic.
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Introduction

Background
The director general of the World Health Organization officially
declared the outbreak of SARS-CoV-2, the virus that causes
COVID-19, a pandemic on March 11, 2020 [1]. The first cases
of COVID-19 in South Asia were reported in India on January
30, 2020 [2], while Pakistan confirmed its first 2 cases on
February 26, 2020 [3]. In response, leaders worldwide weighed
the costs of saving lives over saving livelihoods [4-6] by
implementing the “Great COVID Shutdown.” While remanding
citizens to their households strained the economies in Europe,
Asia, and North America, the Great COVID Shutdown had a
much more profound impact on low- and middle-income
countries [7]. Low-income countries were disproportionately

affected as their jobs and businesses were immediately
obliterated, which resulted in abrupt increases in poverty and
hunger [8-10].

The South Asian Association for Regional Cooperation, which
comprises India, Pakistan, Bangladesh, Nepal, Sri Lanka,
Maldives, Bhutan, and Afghanistan, met on March 15, 2020,
to address the COVID-19 crisis [11,12]. South Asian countries
began implementing mitigation efforts such as mask-wearing,
social distancing, and closing schools and businesses in India,
Bhutan, Bangladesh, and Sri Lanka in March 2020 [11]. By
March 24, 2020, existing surveillance efforts in South Asia
reported only 1536 cases and 22 deaths [13]. By April 2021,
the number of observed COVID-19 cases and deaths in South
Asian countries reached 18 million and 219,000, respectively
[14], which indicated alarming growth. Figure 1 shows the
timeline of COVID-19 events in South Asia.

Figure 1. Timeline of COVID-19 events in South Asia. SAARC: South Asian Association for Regional Cooperation, WHO: World Health Organization.
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Figure 2. Weekly SARS-CoV-2 trends in South Asian countries (January 31, 2020 to April 25, 2021).

In general, South Asia displayed a particularly unique trajectory
since the onset of the pandemic. First, the region was slow to
build their caseload, particularly when compared to other global
regions in Europe, Central Asia, the Middle East, and the
Americas [11]. Second, the significant uptick in COVID-19
transmissions in South Asia began accruing after international
border lockdown policies were implemented to stop the spread
of COVID-19, which forced migrant workers from South Asia
to travel back to their home countries [15]. Globally, India is
the largest source of migrant workers, followed by Bangladesh
in sixth position and Pakistan in seventh position; this explains
why India, Bangladesh, and Pakistan were the 3 most affected
countries at the beginning of the pandemic in South Asia [16].
Migrant workers produce tremendous economic benefits;
however, migration accelerates human interactions, which
increases the spread of the disease. While human mobility has
important benefits for economic growth, migration inadvertently
leads to disease spread in a low-incidence setting. The
movement of migrants toward their home countries before

border lockdown measures were implemented, both
internationally and within countries, was the largest mass
migration since the 1947 partition of India, Pakistan, and
Bangladesh [17]. The fear of migrants carrying COVID-19
rippled throughout South Asia, which subsequently only served
to displace COVID-19 from the host countries of migrants to
their home countries [18].

By early fall of 2020, India was on track to overtake the United
States in the magnitude of COVID-19 transmissions but reversed
course and cases declined after the implementation of strict
stay-at-home policies in addition to other COVID-19 prevention
policies [19]. The government of India also initiated social
assistance packages to support the agricultural sector and
provided direct and indirect relief to workers and households
to minimize economic impacts [20]. Although there were
short-term benefits and agriculture was the only sector that
displayed positive growth (3.4%) in the first quarter of 2020
[21], the long-term impact of the lockdown could be negative.
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By December 2020, the pandemic in the South Asian region
was in decline owing to strict lockdowns and travel bans.

The easing of disease prevention policies in favor of economic,
food security, social, and political concerns [22,23] along with
the new SARS-CoV-2 strains or variants [24], resulted in
explosive growth of the COVID-19 pandemic in early 2021,
with India surpassing the United States’ single-day records
[25-29], thus overwhelming the health care system [30]. While
global leaders must weigh policies that are aimed at protecting
livelihoods, they also must consider their impact on lives and
should be informed by ongoing systematic public health
surveillance.

Objective
Our objective is to use COVID-19 surveillance to inform policy
decisions regarding the pandemic; it is important to understand
how South Asia differs between and within countries and from
other global regions and to pinpoint where immediate action is
needed to control the outbreaks. To that end, in addition to
traditional surveillance metrics, we used dynamic panel
modeling and the generalized method of moments, which correct
for limitations in existing surveillance. Parallel work utilizing
enhanced surveillance metrics has been completed for
sub-Saharan Africa [31], the United States [32], the Middle East
and North Africa [33], Central Asia [34], Europe [35], Latin
America and the Caribbean [36], East Asia and the Pacific [37],
Canada [38], and metropolitan regions [39].

Methods

Using application programming interfaces, we automatically
extract data daily from the Foundation for Innovative New
Diagnostics [40]. The Foundation for Innovative New
Diagnostics compiles data from multiple sources across
individual websites, statistical reports, and press releases. We
also accessed data for the most recent 8 weeks from the GitHub
repository [41]. This resulted in a panel of 8 countries with 62
days in each panel (n=496). We calculated traditional

surveillance indicators as specified below. In addition, we used
enhanced surveillance metrics, which perform better at
measuring the dynamics of the pandemic and control for data
contamination by using an empirical difference equation. We
specified the number of new positive cases each day in each
country as a function of the prior day’s number of new cases,
the number of new cases 7 days prior, the level of testing, and
weekly shifts in variables that help determine whether the
pandemic is expanding or contracting compared to prior weeks.
This resulted in a dynamic panel model estimated using the
generalized method of moments approach implementing the
Arellano–Bond estimator in R [42,43].

Traditional surveillance indicators include the total number of
cases and deaths, the 7-day moving average of new cases, and
the 7-day moving average of deaths. Enhanced surveillance
metrics [44,45] include the following: (1) speed: the weekly
average number of new positive tests per day divided by the
total country population and multiplied by 100,000; (2)
acceleration: the weekly average of daily changes in the speed
of the infection; (3) jerk: the change in the acceleration of the
infection; and (4) the 7-day persistence effect on speed, which
refers to the number of new cases reported on the present day,
which are statistically attributable to new cases reported 7 days
ago.

Results

Country-Specific Results of Regression Analysis
We grouped 8 countries including Afghanistan, Bangladesh,
Bhutan, India, Maldives, Nepal, Pakistan, and Sri Lanka in
South Asia and present the results of regression analysis in
Table 1. The weekly surveillance products are a function of
these regressions.

The regression Wald statistic was significant (χ2
6=10509826;

P<.001). The Sargan test revealed nonsignificant findings,
failing to reject the validity of overidentifying restrictions

(χ2
513=8; P>.99).

Table 1. Arellano–Bond dynamic panel data model of COVID-19 dynamics at the country level.

P valueCoefficientVariable

<.0010.4247-day lag

.050.6177-day lag shift

<.00110509826Wald statistic for regression, χ2
6

>.998Sargan statistic for validity, χ2
513

Interpretation: Results of Regression Analysis for
South Asia
The regression analyses indicate that we have a balanced panel
and that we do not have overidentifying restrictions, which
implies that this model fits the data. Further, regression analyses
indicate a positive shift in the pandemic between April 12-18
and April 19-25, 2021.

Surveillance Results
Traditional and enhanced surveillance results for April 12-18,
2021, are presented in Table 2 and those for April 19-25, 2021,
are presented in Table 3. Data of 5 prior weeks of COVID-19
surveillance trends are provided in Multimedia Appendix 1.
Data dating back to the onset of the initial cases of COVID-19
in South Asia (January 2020), as well as other regions
worldwide, are provided in our active surveillance system.
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Table 2. Surveillance metrics for the week of April 12-18, 2021.

7-day persis-
tence

Daily
jerk

Daily accelerationDaily
speed

Total deaths7-day moving av-
erage of new
deaths

Total cases7-day mov-
ing average
of new cases

Country

0.21–0.01–0.010.212539357,72182Afghanistan

4.400.10–0.163.1510,28389715,2525188Bangladesh

0.370.110.130.78109526Bhutan

9.410.201.1214.79177,150112514,788,003204,171India

24.032.270.9516.4169026,14589Maldives

1.00–0.060.211.9330755283,658562Nepal

2.230.080.072.2816,243114756,2855038Pakistan

N/Aa–0.03–0.081.00615396,354215Sri Lanka

aN/A: not applicable.

Table 3. Surveillance metrics for the week of April 19-25, 2021.

7-day persis-
tence

Daily
jerk

Daily accelerationDaily
speed

Total deaths7-day moving av-
erage of new
deaths

Total cases7-day mov-
ing average
of new cases

Country

0.220.040.030.372572558,730144Afghanistan

3.280.00–0.072.3510,95296742,4003878Bangladesh

0.81–0.19–0.021.221010189Bhutan

15.41–0.250.9122.49192,311216616,960,172310,310India

17.091.532.4839.0171027,621211Maldives

2.010.050.846.5831369297,0871918Nepal

2.38–0.08–0.012.1816,999108790,0164819Pakistan

N/Aa0.230.602.826383100,586605Sri Lanka

aN/A: not applicable.

Overall, South Asia saw cases increasing steadily during the
second wave of infections from March 8 to April 25, 2021, after
steady declines in January and February 2021; however,
country-level subanalysis with enhanced surveillance indicates
that there are significant differences among South Asian
countries (Multimedia Appendix 1).

In India, the 7-day moving average of daily new cases increased
from 204,171 in the week of April 12-18, 2021, to 310,310 in
the week of April 19-25, 2021, while the 7-day moving average
of daily deaths increased from 1125 to 2166 per day during the
same period, which indicates a 52% increase in new COVID-19
cases and a 92.5% increase in deaths per day. The speed
increased from 14.79 new cases per day per 100,000 population
in the week of April 12-18, 2021, to 22.49 new cases per day
per 100,000 population in the week of April 19-25, 2021. An
acceleration of 0.91 for the week of April 19-25, 2021, implies
that the number of cases in India per 100,000 population is
increasing by almost 1 case per day, although this rate is slightly
lower than the acceleration of 1.12 reported in the prior week.
Positive acceleration suggests the possibility of there being even
more daily cases in the week of April 26-May 2, 2021, than in
the week of April 19-25, 2021. The negative jerk indicates that
although the rate of acceleration is decreasing, the acceleration

remains positive. The reduction in India’s case rate does not
imply that the pandemic is receding, but rather only that the
rate of explosive growth has slightly decreased. The 7-day
persistence increased from 9.41 in the prior week to 15.41,
which indicates that more than two-third of the new cases in
the week of April 19-25, 2021, are statistically attributable to
new cases in the prior week. This indicates a context of high
transmissibility, which could be caused by a combination of
policy shifts, superspreader events, or the presence of more
contagious variants. India is now the epicenter of the COVID-19
pandemic [46], and indicators suggest that the pandemic will
continue to worsen in India in the immediate future.

Maldives saw an increase in the 7-day moving average number
of daily new COVID-19 transmissions from 89 to 211 and 0
new deaths between the weeks of April 12-18 and April 19-25,
2021. While this is an increase of 133%, the absolute caseload
is small. The daily speed increased from 16.41 per 100,000
population in the week of April 12-18, 2021, to 39.01 per
100,000 population in the week of April 19-25, 2021, with an
acceleration of 0.95 during the week of April 12-18, 2021, and
a more rapid acceleration of 2.48 per 100,000 population during
the week of April 19-25, 2021. The positive jerk of 1.53
indicates the increase in acceleration in addition to the speed at
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which the pandemic is expanding within Maldives. The 7-day
persistence rate of 17.09 indicates that 44% of the new cases in
the week of April 19-25, 2021, are statistically attributable to
new cases in the prior week (ie, April 12-18, 2021). This
indicates a context of high transmissibility; however, fewer
cases are echoing forward.

Afghanistan saw a slight expansion in the pandemic from the
week of April 12-18 to April 19-25, 2021, with an increase in
speed from 0.21 to 0.37 per 100,000 population, and a shift
from deceleration to an acceleration in pandemic growth of
0.03. This indicates a rising number of cases and increasing
acceleration. The 7-day persistence of 0.22 in the week of April
19-25, 2021, compared to 0.21 in the week of April 12-18, 2021,
indicates that new cases are statistically linked to cases in the
prior week. The 7-day moving average of daily new cases
increased from 82 to 144 over the same period. The ongoing
growth is not ideal but does not signal alarming growth in the
pandemic at this point.

Bangladesh saw a slight reduction in the pandemic from the
week of April 12-18 to April 19-25, 2021, with a reduction in
speed from 3.15 to 2.35 per 100,000 population, along with
sustained deceleration. The 7-day moving average of daily new
cases decreased from 5188 to 3878 cases between the weeks of
April 12-18 to April 19-25, 2021. The 7-day persistence of 3.28
in the week of April 19-25, 2021, indicates that the cases this
week are linked to those in the prior week and that the rate at
which the cases are echoing forward is decreasing. Bangladesh
is moving in the right direction.

Bhutan saw a slight expansion in the pandemic from the week
of April 12-18 to April 19-25, 2021, with an increase in speed
from 0.78 to 1.22 cases per 100,000 population; however, there
was a shift from an acceleration of 0.13 to a deceleration –0.02.
The 7-day persistence of 0.81 in the week of April 19-25, 2021,
indicates that 46% of new transmissions are statistically linked
to cases in the prior week. Since the caseload is small with 7-day
averages of 6 new daily cases the week of April 12-18, 2021,
increasing to 9 new cases in the week of April 19-25, 2021,
Bhutan’s current condition is less concerning than that of other
countries in the region.

Nepal’s speed is much lower than that of India or Maldives, but
its daily speed of 6.58 new cases per 100,000 population in the
week of April 19-25, 2021, is much higher than that of other
countries in the region. This is an alarming increase in the daily
speed from 1.93 per 100,000 population in the prior week for
an increase in the 7-day moving average of new cases from 562
to 1918 per 100,000 population, a 3.4-fold increase in new
transmissions. Acceleration increased from 0.21 in the week of
April 12-18, 2021, to 0.84 in the week of April 19-25, 2021,
indicating an increase in the rate of the pandemic. The 7-day
persistence of 2.01 in the week of April 19-25, 2021, indicates
that 50% of new cases are statistically linked to cases in the
prior week. These indicators signal an alarming growth in Nepal.

Pakistan saw a very slight reduction in the pandemic from the
week of April 12-18 to April 19-25, 2021, with a small reduction
in speed from 2.28 to 2.18 cases per 100,000 population, and a
shift from positive acceleration to deceleration in the pandemic.
Pakistan’s 7-day moving average of daily new cases slightly

decreased from 5038 to 4819 over the 2-week period. The 7-day
persistence of 2.38 in the week of April 19-25, 2021, indicates
that approximately 94% of cases are statistically linked to cases
in the prior week. The increase in persistence suggests an
increasing clustering effect. Surveillance indicates that the
pandemic is declining, but attention must be paid to the 7-day
persistence as echoing cases are problematic, and more cases
are echoing forward in Pakistan.

Sri Lanka, like Nepal, showed alarming growth in the pandemic
from the week of April 12-18 to April 19-25, 2021, with an
increase in speed from 1.00 to 2.82 cases per 100,000
population, which indicates a shift from a deceleration of –0.08
to an acceleration of 0.60 and a positive jerk. The necessary
data needed to calculate the 7-day persistence are missing for
Sri Lanka, but available surveillance measures indicate alarming
growth.

Discussion

Principal Findings
Surveillance efforts have the capacity to inform leaders when
policies are effective (and when they are not) [47] and are the
foundation of public health [48]. However, for surveillance data
to be most useful and actionable, they must be contextualized
by the population and characteristics of the country in question.
The most populous countries in South Asia are India, Pakistan,
and Bangladesh. India is >6-fold larger than the next largest
country in the region, Pakistan, and has an approximately 3-fold
larger population than that of all other countries in the region
combined. To that end, significant increases in the caseload and
rates of transmission are alarming in a country with more than
1.3 billion people. In contrast, Bhutan has <1 million residents;
hence, the speed of the pandemic is less concerning when the
absolute number of cases are in single digits.

Traditional surveillance measures are useful but not sufficient
to capture these distinctions, nor do they describe the dynamics
of the pandemic. India and Maldives present a perfect case study
with respect to the importance of using novel surveillance
metrics. While India is more newsworthy because it ranks #1
in the absolute number of new COVID-19 cases, since its total
population exceeds 1.3 billion people, the outbreak in Maldives
is worse when controlling for population size. Explosive growth
of the pandemic in Maldives does not affect as many individuals
nor poses the same threat globally, as is the case of the outbreak
in India; however, it is important to use the surveillance
measures to identify the grave public health threat this outbreak
poses to residents in Maldives and not let its relatively small
size become overshadowed. The identification of concerning
outbreaks, so they can be stymied, is imperative for the health
of local regions.

Standard surveillance efforts provide a proxy for caseload
(owing to asymptomatic and untested COVID-19–positive
persons), which are helpful to understand the current levels of
COVID-19 outbreaks; however, enhanced surveillance indicates
how fast the outbreak is expanding and the alarming rates of
explosive growth, as is the case in India. Speed, acceleration,
jerk, and persistence are helpful metrics to compare the
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condition in each South Asian country relative to or within the
region and to identify the need for sustaining actions or new
interventions that lead to a reduction in the pandemic.

COVID-19 surveillance during the week of April 12-25, 2021,
indicates that with the exception of Bangladesh and Pakistan,
South Asia is experiencing an alarming outbreak of COVID-19.
First, while there are many similarities in terms of development,
the environment, and population structure, South Asian countries
are heterogeneous in terms of their culture, economies, and
susceptibility to the COVID-19 pandemic [49]. Second, migrant
workers are central to disease control in South Asia, considering
the large number of migrants in most South Asian countries
[50]. Relaxing of the travel ban and reopening of borders have
increased human interaction as migrants have passed through
borders and used overcrowded public transportation to travel
to their host countries, which has further fueled the COVID-19
outbreaks [18]. When South Asian leaders relaxed COVID-19
restrictions to reopen the economy [22], the pandemic markedly
resurged [51] especially in India and South Asian island nations.
Third, new variants B.1.1.7 (Alpha) and B.1.617.2 (Delta) harbor
mutations that may have contributed to the significant impact
of the current wave of COVID-19 in most South Asian countries
[51]. The use of surveillance data to inform policy-level action
to combat this outbreak must consider these local contexts.

Unfortunately, South Asia has experienced 2 waves of
COVID-19, and all 8 countries still have active new
transmissions on a daily basis, which leads to questions such
as, “how will public health leaders know when the pandemic
is receding?” or “are policies put in place to control the
pandemic working?” Our findings indicate that adding enhanced
surveillance to standard surveillance including measures of
speed, acceleration, jerk, and persistence, can help to answer
such questions. Additionally, enhanced surveillance metrics
can help track pandemic growth factors that in turn help identify
areas of concerning growth. While South Asia reversed its
trajectory of the COVID-19 pandemic in late 2020 and early
2021, this trend decelerated and reversed course again, resulting
in explosive growth in several South Asian countries, with
Maldives and India experiencing the worst outbreaks.

By linking policies to the pandemic through systematic
surveillance, it is evident when shifts result in outbreaks.
Furthermore, surveillance informs public health leaders when
it is safe to reopen the economy or change policy, thus
establishing a delicate balance between saving lives while saving
livelihoods. Undoubtedly, policymakers are faced with difficult
decisions in their attempts to balance the health of their residents
with the highly credible economic threat posed by the
COVID-19 pandemic. It is estimated that an additional 75
million people fell below the poverty line owing to the
COVID-19 pandemic in 2020, accounting for approximately
60% of the global increase in poverty in 2020 [52]. The
dichotomy of lives versus livelihood may seem complex, but
if people are alive, livelihoods can be addressed through
appropriate policies. Dual focus on both improving pandemic
surveillance and the needs of the health care system for
protecting lives, and ensuring social protection for the
agricultural sector and smallholder farmers for increased
resilience, food, and nutritional security are needed.

COVID-19 cases had been decreasing steadily in South Asia
since they peaked in late September 2020, but increased public
gatherings and relaxing of public health restrictions led to the
latest surge [53]. It is likely that currently implemented public
health policies to stop the spread of COVID-19 were relaxed
too soon after experiencing several weeks of decline in the
number of active cases. For example, opening borders to allow
migrant workers to travel back and forth between their host and
home countries corresponded with an outbreak. Ideally, leaders
should wait until the speed, acceleration, and jerk reach 0 before
changing the policies on border openings, followed by careful
surveillance to ensure that no hidden pockets of COVID-19
magnify into an outbreak. Alternatively, a staged approach to
reopening is more realistic with subnational analysis for larger
countries. For example, in areas where COVID-19 transmissions
have stopped, allowing businesses to reopen to address economic
concerns but banning travel to and from locations with active
COVID-19 cases would result in fewer transmissions than a
blanket retraction of all policies.

Limitations
Our findings are limited by the granularity in the country-level
data. Data are reported on a national level for countries within
South Asia, which precludes intranational analyses that would
more closely reflect local regulations and better contextualize
national trends. In addition, suboptimal public health
infrastructure prevents data from being reported instantaneously
and has severely limited the completeness of data from Sri
Lanka. Multiple-day data are frequently collated into a single
report, which may suggest almost 0 infections or deaths over a
period of days, followed by a sudden spike in those same
measures. Our analysis partially addresses this issue by
calculating 7-day averages per 100,000 population for all
metrics.

Comparison With Prior Work
We conducted similar studies based on dynamic panel data
derived from other global regions [31-39,44,45] similar to South
Asia.

Conclusions
The 7-day average number of cases and deaths, speed,
acceleration, and persistence of new COVID-19 cases reveals
an alarming outbreak in India and Maldives and concerning
outbreaks in Afghanistan, Bhutan, Nepal, and Sri Lanka. While
Bangladesh and Pakistan still have high daily caseloads,
enhanced surveillance metrics indicate a reduction in their rates
of novel infections. Because their daily caseload remains high,
Bangladesh and Pakistan must remain vigilant in maintaining
public health guidelines that will prevent additional outbreaks.
Currently, these 2 countries are headed in the right direction.

While the United States still has the highest number of
cumulative COVID-19 cases worldwide [32,54], the reality is
that the United States only comprises 4% of the global
population, while South Asia comprises 25% of the global
population. India will fare much worse than the United States
if the country fails to implement policies to mitigate the spread
of COVID-19 or if public health restrictions in India remain as
low as in 2020. Given the size of the region, prior and current
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outbreaks, a paucity of vaccines, and relaxed public health
guidelines, South Asia in general, and India in particular, are
set to exceed the United States’ total caseload and deaths in the
absence of massive intervention. The fact that India is surpassing
the United States’ daily record of new COVID-19 cases,
combined with metrics including the pandemics’ speed,
acceleration, jerk, and persistence, indicates that India’s

alarming outbreak will only worsen. The current outbreak poses
an immediate threat not only to the region, but also worldwide.
Alarming outbreaks in South Asia are risky to any other region
or country as COVID-19 can resurge and result in further
outbreaks. The pandemic will not end anywhere until it ends
everywhere [55].

Acknowledgments
This study was supported by Feed the Future through the US Agency for International Development, under the terms of contract#
7200LA1800003 and Feed the Future Innovation Lab for Collaborative Research on Sustainable Intensification (grant#
AID-OAA-L-14-00006). The opinions expressed herein are those of the author(s) and do not necessarily reflect the views of the
US Agency for International Development or the authors’ organizations.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Tables S1-S5.
[DOCX File , 26 KB-Multimedia Appendix 1]

References

1. WHO Director-General's opening remarks at the media briefing on COVID-19 - 11 March 2020. World Health Organization.
2020 Mar 11. URL: https://www.who.int/director-general/speeches/detail/
who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020 [accessed 2021-06-07]

2. Ward A. India’s coronavirus lockdown and its looming crisis, explained. Vox. 2020 Apr 24. URL: https://www.vox.com/
2020/3/24/21190868/coronavirus-india-modi-lockdown-kashmir [accessed 2021-06-07]

3. Paul A, Chatterjee S, Bairagi N. Prediction on Covid-19 epidemic for different countries: Focusing on South Asia under
various precautionary measures. medRxiv. Preprint posted online April 11, 2020. [FREE Full text] [doi:
10.1101/2020.04.08.20055095]

4. Balmford B, Annan JD, Hargreaves JC, Altoè M, Bateman IJ. Cross-Country Comparisons of Covid-19: Policy, Politics
and the Price of Life. Environ Resour Econ (Dordr) 2020 Aug 04:1-27 [FREE Full text] [doi: 10.1007/s10640-020-00466-5]
[Medline: 32836862]

5. Miles DK, Stedman M, Heald AH. "Stay at Home, Protect the National Health Service, Save Lives": A cost benefit analysis
of the lockdown in the United Kingdom. Int J Clin Pract 2021 Mar;75(3):e13674 [FREE Full text] [doi: 10.1111/ijcp.13674]
[Medline: 32790942]

6. Conyon MJ, He L, Thomsen S. Lockdowns and COVID-19 Deaths in Scandinavia. SSRN Journal 2020. [doi:
10.2139/ssrn.3616969]

7. Thomsen PM. Europe’s COVID-19 Crisis and the Fund’s Response. IMFBlog. 2020 Mar 30. URL: https://blogs.imf.org/
2020/03/30/europes-covid-19-crisis-and-the-funds-response/ [accessed 2021-06-07]

8. Abi-Habib M, Yasir S. For India’s Laborers, Coronavirus Lockdown Is an Order to Starve. The New York Times. 2020
Mar 30. URL: https://www.nytimes.com/2020/03/30/world/asia/coronavirus-india-lockdown.html [accessed 2021-06-07]

9. Vaughan A. Global food crisis looms. New Sci 2020 May 23;246(3283):7 [FREE Full text] [doi:
10.1016/S0262-4079(20)30946-5] [Medline: 32501347]

10. Sen A, Rajan R, Banerjee A. ‘Huge numbers may be pushed into dire poverty or starvation…we need to secure them’. The
Indian Express. 2020 Apr 17. URL: https://indianexpress.com/article/opinion/
coronavirus-india-lockdown-economy-amartya-sen-raghuram-rajan-abhijit-banerjee-6364521/ [accessed 2021-06-07]

11. Babu GR, Khetrapal S, John DA, Deepa R, Narayan KV. Pandemic preparedness and response to COVID-19 in South
Asian countries. Int J Infect Dis 2021 Mar;104:169-174 [FREE Full text] [doi: 10.1016/j.ijid.2020.12.048] [Medline:
33370566]

12. Alden C, Dunst C. COVID-19: South Asia and the South Asian Association for Regional Cooperation (SAARC). London
School of Economics and Political Science. 2021 Mar 17. URL: https://www.lse.ac.uk/international-relations/
centres-and-units/global-south-unit/COVID-19-regional-responses/South-Asia-and-COVID-19 [accessed 2021-06-11]

13. Bhutta ZA, Basnyat B, Saha S, Laxminarayan R. Covid-19 risks and response in South Asia. BMJ 2020 Mar 25;368:m1190.
[doi: 10.1136/bmj.m1190] [Medline: 32213488]

14. Global SARS-CoV-2 Surveillance Project (GASSP). Northwestern University. URL: https://sites.northwestern.edu/
covidglobalsurveillance/ [accessed 2021-04-26]

JMIR Public Health Surveill 2021 | vol. 7 | iss. 6 | e24251 | p. 8https://publichealth.jmir.org/2021/6/e24251
(page number not for citation purposes)

Welch et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=publichealth_v7i6e24251_app1.docx&filename=40424417b7862ead5103697d9ef3b647.docx
https://jmir.org/api/download?alt_name=publichealth_v7i6e24251_app1.docx&filename=40424417b7862ead5103697d9ef3b647.docx
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.vox.com/2020/3/24/21190868/coronavirus-india-modi-lockdown-kashmir
https://www.vox.com/2020/3/24/21190868/coronavirus-india-modi-lockdown-kashmir
https://www.medrxiv.org/content/10.1101/2020.04.08.20055095v1
http://dx.doi.org/10.1101/2020.04.08.20055095
http://europepmc.org/abstract/MED/32836862
http://dx.doi.org/10.1007/s10640-020-00466-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32836862&dopt=Abstract
http://europepmc.org/abstract/MED/32790942
http://dx.doi.org/10.1111/ijcp.13674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32790942&dopt=Abstract
http://dx.doi.org/10.2139/ssrn.3616969
https://blogs.imf.org/2020/03/30/europes-covid-19-crisis-and-the-funds-response/
https://blogs.imf.org/2020/03/30/europes-covid-19-crisis-and-the-funds-response/
https://www.nytimes.com/2020/03/30/world/asia/coronavirus-india-lockdown.html
http://europepmc.org/abstract/MED/32501347
http://dx.doi.org/10.1016/S0262-4079(20)30946-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32501347&dopt=Abstract
https://indianexpress.com/article/opinion/coronavirus-india-lockdown-economy-amartya-sen-raghuram-rajan-abhijit-banerjee-6364521/
https://indianexpress.com/article/opinion/coronavirus-india-lockdown-economy-amartya-sen-raghuram-rajan-abhijit-banerjee-6364521/
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(20)32572-8
http://dx.doi.org/10.1016/j.ijid.2020.12.048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33370566&dopt=Abstract
https://www.lse.ac.uk/international-relations/centres-and-units/global-south-unit/COVID-19-regional-responses/South-Asia-and-COVID-19
https://www.lse.ac.uk/international-relations/centres-and-units/global-south-unit/COVID-19-regional-responses/South-Asia-and-COVID-19
http://dx.doi.org/10.1136/bmj.m1190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32213488&dopt=Abstract
https://sites.northwestern.edu/covidglobalsurveillance/
https://sites.northwestern.edu/covidglobalsurveillance/
http://www.w3.org/Style/XSL
http://www.renderx.com/


15. COVID-19 Crisis Through a Migration Lens. World Bank. 2020 Apr. URL: https://www.knomad.org/sites/default/files/
2020-06/R8_Migration&Remittances_brief32.pdf [accessed 2021-06-07]

16. The number of international migrants reaches 272 million, continuing an upward trend in all world regions, says UN. United
Nations Department of Economic and Social Affairs. 2019 Sep 17. URL: https://www.un.org/development/desa/en/news/
population/international-migrant-stock-2019.html [accessed 2021-06-07]

17. Ellis-Petersen H, Chaurasia M. India racked by greatest exodus since partition due to coronavirus. The Guardian. 2020 Mar
30. URL: https://www.theguardian.com/world/2020/mar/30/
india-wracked-by-greatest-exodus-since-partition-due-to-coronavirus [accessed 2021-06-07]

18. Lee JN, Mahmud M, Morduch J, Ravindran S, Shonchoy AS. Migration, externalities, and the diffusion of COVID-19 in
South Asia. J Public Econ 2021 Jan;193:104312. [doi: 10.1016/j.jpubeco.2020.104312]

19. Bhowmick N. India is catching up with the US. New Sci 2020 Sep 26;247(3301):7 [FREE Full text] [doi:
10.1016/S0262-4079(20)31685-7] [Medline: 33518940]

20. Varshney D, Kumar A, Mishra AK, Rashid S, Joshi PK. India's COVID-19 social assistance package and its impact on the
agriculture sector. Agricultural Systems 2021 Apr;189:103049. [doi: 10.1016/j.agsy.2021.103049]

21. Cariappa AA, Acharya KK, Adhav CA, Sendhil R, Ramasundaram P. Impact of COVID-19 on the Indian agricultural
system: A 10-point strategy for post-pandemic recovery. Outlook Agric 2021 Jan 19;50(1):26-33. [doi:
10.1177/0030727021989060]

22. Rasul G. Twin challenges of COVID-19 pandemic and climate change for agriculture and food security in South Asia.
Environmental Challenges 2021 Jan;2:100027. [doi: 10.1016/j.envc.2021.100027]

23. Yeung J, Suri M, Gupta S. As bodies pile up, India's leaders face rising public anger over second Covid-19 wave. CNN.
2021 Apr 23. URL: https://www.cnn.com/2021/04/23/india/india-covid-modi-government-intl-hnk/index.html [accessed
2021-04-25]

24. Rabbi MF, Hami I, Islam MK, Akter T, Hossain MS, Rahaman MM. COVID-19 Pandemic in South Asia: Challenges and
Mitigation. Discoveries Reports 2021;4:e18 [FREE Full text] [doi: 10.15190/drep.2021.3]

25. Schmall E. India continues to shatter case records as it awaits international aid. The New York Times. 2021 Apr 26. URL:
https://www.nytimes.com/2021/04/26/world/india-continues-to-shatter-case-records-as-it-awaits-international-aid.html
[accessed 2021-04-28]

26. Choudhury SR. India reports record Covid cases for a fifth straight day with more than 350,000 new infections. CNBC.
2021 Apr 26. URL: https://www.cnbc.com/2021/04/26/india-reports-record-new-covid-cases-for-fifth-straight-day.html
[accessed 2021-04-27]

27. Schemm P, Hassan J, Shammas B, Thebault R. Biden pledges to help India amid worsening crisis; U.S. to share 60 million
vaccine doses with the world. The Washington Post. 2021 Apr 26. URL: https://www.washingtonpost.com/nation/2021/
04/26/coronavirus-covid-live-updates-us/ [accessed 2021-04-26]

28. Kugelman M. How India Became Pandemic Ground Zero. FP. 2021 Apr 22. URL: https://foreignpolicy.com/2021/04/22/
india-coronavirus-pandemic-crisis-second-wave/ [accessed 2021-04-24]

29. Jamkhandikar S, Arora N. Indian hospitals swamped by coronavirus as countries promise aid. Reuters. 2021 Apr 26. URL:
https://www.reuters.com/world/india/india-reports-record-352991-new-covid-19-cases-2021-04-26/ [accessed 2021-04-27]

30. Koh L. India’s healthcare system overwhelmed by second COVID-19 wave. Mission Network News. 2021 Apr 27. URL:
https://www.mnnonline.org/news/indias-healthcare-overwhelmed-by-second-covid-19-wave/ [accessed 2021-06-07]

31. Post LA, Argaw ST, Jones C, Moss CB, Resnick D, Singh LN, et al. A SARS-CoV-2 Surveillance System in Sub-Saharan
Africa: Modeling Study for Persistence and Transmission to Inform Policy. J Med Internet Res 2020 Nov 19;22(11):e24248
[FREE Full text] [doi: 10.2196/24248] [Medline: 33211026]

32. Post LA, Issa TZ, Boctor MJ, Moss CB, Murphy RL, Ison MG, et al. Dynamic Public Health Surveillance to Track and
Mitigate the US COVID-19 Epidemic: Longitudinal Trend Analysis Study. J Med Internet Res 2020 Dec 03;22(12):e24286
[FREE Full text] [doi: 10.2196/24286] [Medline: 33216726]

33. Post L, Marogi E, Moss CB, Murphy RL, Ison MG, Achenbach CJ, et al. SARS-CoV-2 Surveillance in the Middle East
and North Africa: Longitudinal Trend Analysis. J Med Internet Res 2021 Jan 15;23(1):e25830 [FREE Full text] [doi:
10.2196/25830] [Medline: 33302252]

34. Post LA, Benishay ET, Moss CB, Murphy RL, Achenbach CJ, Ison MG, et al. Surveillance Metrics of SARS-CoV-2
Transmission in Central Asia: Longitudinal Trend Analysis. J Med Internet Res 2021 Feb 03;23(2):e25799 [FREE Full
text] [doi: 10.2196/25799] [Medline: 33475513]

35. Post L, Culler K, Moss CB, Murphy RL, Achenbach CJ, Ison MG, et al. Surveillance of the Second Wave of COVID-19
in Europe: Longitudinal Trend Analyses. JMIR Public Health Surveill 2021 Apr 28;7(4):e25695 [FREE Full text] [doi:
10.2196/25695] [Medline: 33818391]

36. Post L, Ohiomoba RO, Maras A, Watts SJ, Moss CB, Murphy RL, et al. Latin America and the Caribbean SARS-CoV-2
Surveillance: Longitudinal Trend Analysis. JMIR Public Health Surveill 2021 Apr 27;7(4):e25728 [FREE Full text] [doi:
10.2196/25728] [Medline: 33852413]

JMIR Public Health Surveill 2021 | vol. 7 | iss. 6 | e24251 | p. 9https://publichealth.jmir.org/2021/6/e24251
(page number not for citation purposes)

Welch et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://www.knomad.org/sites/default/files/2020-06/R8_Migration&Remittances_brief32.pdf
https://www.knomad.org/sites/default/files/2020-06/R8_Migration&Remittances_brief32.pdf
https://www.un.org/development/desa/en/news/population/international-migrant-stock-2019.html
https://www.un.org/development/desa/en/news/population/international-migrant-stock-2019.html
https://www.theguardian.com/world/2020/mar/30/india-wracked-by-greatest-exodus-since-partition-due-to-coronavirus
https://www.theguardian.com/world/2020/mar/30/india-wracked-by-greatest-exodus-since-partition-due-to-coronavirus
http://dx.doi.org/10.1016/j.jpubeco.2020.104312
http://europepmc.org/abstract/MED/33518940
http://dx.doi.org/10.1016/S0262-4079(20)31685-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33518940&dopt=Abstract
http://dx.doi.org/10.1016/j.agsy.2021.103049
http://dx.doi.org/10.1177/0030727021989060
http://dx.doi.org/10.1016/j.envc.2021.100027
https://www.cnn.com/2021/04/23/india/india-covid-modi-government-intl-hnk/index.html
https://discoveriesjournals.org/discoveries-reports/DRep.2021.RA-MR-SH.pdf
http://dx.doi.org/10.15190/drep.2021.3
https://www.nytimes.com/2021/04/26/world/india-continues-to-shatter-case-records-as-it-awaits-international-aid.html
https://www.cnbc.com/2021/04/26/india-reports-record-new-covid-cases-for-fifth-straight-day.html
https://www.washingtonpost.com/nation/2021/04/26/coronavirus-covid-live-updates-us/
https://www.washingtonpost.com/nation/2021/04/26/coronavirus-covid-live-updates-us/
https://foreignpolicy.com/2021/04/22/india-coronavirus-pandemic-crisis-second-wave/
https://foreignpolicy.com/2021/04/22/india-coronavirus-pandemic-crisis-second-wave/
https://www.reuters.com/world/india/india-reports-record-352991-new-covid-19-cases-2021-04-26/
https://www.mnnonline.org/news/indias-healthcare-overwhelmed-by-second-covid-19-wave/
https://www.jmir.org/2020/11/e24248/
http://dx.doi.org/10.2196/24248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33211026&dopt=Abstract
https://www.jmir.org/2020/12/e24286/
http://dx.doi.org/10.2196/24286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33216726&dopt=Abstract
https://www.jmir.org/2021/1/e25830/
http://dx.doi.org/10.2196/25830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33302252&dopt=Abstract
https://www.jmir.org/2021/2/e25799/
https://www.jmir.org/2021/2/e25799/
http://dx.doi.org/10.2196/25799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33475513&dopt=Abstract
https://publichealth.jmir.org/2021/4/e25695/
http://dx.doi.org/10.2196/25695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33818391&dopt=Abstract
https://publichealth.jmir.org/2021/4/e25728/
http://dx.doi.org/10.2196/25728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33852413&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


37. Post LA, Lin JS, Moss CB, Murphy RL, Ison MG, Achenbach CJ, et al. SARS-CoV-2 Wave Two Surveillance in East Asia
and the Pacific: Longitudinal Trend Analysis. J Med Internet Res 2021 Feb 01;23(2):e25454 [FREE Full text] [doi:
10.2196/25454] [Medline: 33464207]

38. Post L, Boctor MJ, Issa TZ, Moss CB, Murphy RL, Achenbach CJ, et al. SARS-CoV-2 Surveillance System in Canada:
Longitudinal Trend Analysis. JMIR Public Health Surveill 2021 May 10;7(5):e25753 [FREE Full text] [doi: 10.2196/25753]
[Medline: 33852410]

39. Oehmke TB, Post LA, Moss CB, Issa TZ, Boctor MJ, Welch SB, et al. Dynamic Panel Data Modeling and Surveillance of
COVID-19 in Metropolitan Areas in the United States: Longitudinal Trend Analysis. J Med Internet Res 2021 Feb
09;23(2):e26081 [FREE Full text] [doi: 10.2196/26081] [Medline: 33481757]

40. SARS-CoV-2 Test Tracker. FIND. URL: https://www.finddx.org/covid-19/test-tracker/ [accessed 2020-09-09]
41. owid / covid-19-data. GitHub. URL: https://github.com/owid/covid-19-data/tree/master/public/data [accessed 2021-04-25]
42. Sigmund M, Ferstl R. Panel vector autoregression in R with the package panelvar. The Quarterly Review of Economics

and Finance 2021 May;80:693-720. [doi: 10.1016/j.qref.2019.01.001]
43. Linear Models for Panel Data. The Comprehensive R Archive Network. 2021 Mar 02. URL: https://cran.r-project.org/web/

packages/plm/plm.pdf [accessed 2020-08-31]
44. Oehmke JF, Moss CB, Singh LN, Oehmke TB, Post LA. Dynamic Panel Surveillance of COVID-19 Transmission in the

United States to Inform Health Policy: Observational Statistical Study. J Med Internet Res 2020 Oct 05;22(10):e21955
[FREE Full text] [doi: 10.2196/21955] [Medline: 32924962]

45. Oehmke JF, Oehmke TB, Singh LN, Post LA. Dynamic Panel Estimate-Based Health Surveillance of SARS-CoV-2 Infection
Rates to Inform Public Health Policy: Model Development and Validation. J Med Internet Res 2020 Sep 22;22(9):e20924
[FREE Full text] [doi: 10.2196/20924] [Medline: 32915762]

46. Chiriguayo D, Ta A. India becomes world’s COVID epicenter but is home to biggest vaccine maker. What happened?
KCRW. 2021 Apr 26. URL: https://www.kcrw.com/news/shows/press-play-with-madeleine-brand/
coronavirus-armenia-protests-music/india-covid-vaccines-medical-aid-biden [accessed 2021-04-27]

47. National Academies of Sciences, Engineering, and Medicine, Health and Medicine Division, Board on Population Health
and Public Health Practice, Committee on Public Health Approaches to Reduce Vision Impairment and Promote Eye Health.
In: Teutsch SM, McCoy MA, Woodbury RB, Welp A, editors. Making Eye Health a Population Health Imperative: Vision
for Tomorrow. Washington, DC: The National Academic Press; 2016.

48. Thacker SB. Historical Development. In: Lee LM, Teutsch SM, Thacker SB, St. Louis ME, editors. Principles & Practice
of Public Health Surveillance. Oxford: Oxford University Press; 2010.

49. Erman A, Medeiros M. Exploring the Effect of Collective Cultural Attributes on Covid-19-Related Public Health Outcomes.
Front Psychol 2021;12:627669 [FREE Full text] [doi: 10.3389/fpsyg.2021.627669] [Medline: 33833717]

50. Koh D. Migrant workers and COVID-19. Occup Environ Med 2020 Sep;77(9):634-636 [FREE Full text] [doi:
10.1136/oemed-2020-106626] [Medline: 32513832]

51. Han C, Li M, Haihambo N, Babuna P, Liu Q, Zhao X, et al. Mechanisms of recurrent outbreak of COVID-19: a model-based
study. Nonlinear Dyn 2021 Mar 18:1-17 [FREE Full text] [doi: 10.1007/s11071-021-06371-w] [Medline: 33758464]

52. Kochhar R. In the pandemic, India’s middle class shrinks and poverty spreads while China sees smaller changes. Pew
Research Center. 2021 Mar 18. URL: https://www.pewresearch.org/fact-tank/2021/03/18/
in-the-pandemic-indias-middle-class-shrinks-and-poverty-spreads-while-china-sees-smaller-changes/ [accessed 2021-04-28]

53. India sees worst single-day rise in COVID cases since December 24. Al Jazeera. 2021 Mar 12. URL: https://www.
aljazeera.com/news/2021/3/12/india-sees-worst-single-day-rise-in-covid-cases-since-december-24 [accessed 2021-06-07]

54. World Health Organization. WHO Coronavirus (COVID-19) Dashboard. URL: https://covid19.who.int/ [accessed 2021-06-11]
55. McManus D. Column: The pandemic won’t end anywhere until it’s under control everywhere. Los Angeles Times. 2021

Apr 14. URL: https://www.latimes.com/politics/story/2021-04-14/
column-the-pandemic-wont-end-anywhere-until-its-under-control-everywhere [accessed 2021-04-25]

Edited by G Eysenbach; submitted 09.10.20; peer-reviewed by K Gordon, B Dixon; comments to author 02.11.20; revised version
received 18.03.21; accepted 03.06.21; published 17.06.21

Please cite as:
Welch SB, Kulasekere DA, Prasad PVV, Moss CB, Murphy RL, Achenbach CJ, Ison MG, Resnick D, Singh L, White J, Issa TZ, Culler
K, Boctor MJ, Mason M, Oehmke JF, Faber JMM, Post LA
The Interplay Between Policy and COVID-19 Outbreaks in South Asia: Longitudinal Trend Analysis of Surveillance Data
JMIR Public Health Surveill 2021;7(6):e24251
URL: https://publichealth.jmir.org/2021/6/e24251
doi: 10.2196/24251
PMID: 34081593

JMIR Public Health Surveill 2021 | vol. 7 | iss. 6 | e24251 | p. 10https://publichealth.jmir.org/2021/6/e24251
(page number not for citation purposes)

Welch et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://www.jmir.org/2021/2/e25454/
http://dx.doi.org/10.2196/25454
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33464207&dopt=Abstract
https://publichealth.jmir.org/2021/5/e25753/
http://dx.doi.org/10.2196/25753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33852410&dopt=Abstract
https://www.jmir.org/2021/2/e26081/
http://dx.doi.org/10.2196/26081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33481757&dopt=Abstract
https://www.finddx.org/covid-19/test-tracker/
https://github.com/owid/covid-19-data/tree/master/public/data
http://dx.doi.org/10.1016/j.qref.2019.01.001
https://cran.r-project.org/web/packages/plm/plm.pdf
https://cran.r-project.org/web/packages/plm/plm.pdf
https://www.jmir.org/2020/10/e21955/
http://dx.doi.org/10.2196/21955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32924962&dopt=Abstract
https://www.jmir.org/2020/9/e20924/
http://dx.doi.org/10.2196/20924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32915762&dopt=Abstract
https://www.kcrw.com/news/shows/press-play-with-madeleine-brand/coronavirus-armenia-protests-music/india-covid-vaccines-medical-aid-biden
https://www.kcrw.com/news/shows/press-play-with-madeleine-brand/coronavirus-armenia-protests-music/india-covid-vaccines-medical-aid-biden
http://europepmc.org/abstract/MED/33833717
http://dx.doi.org/10.3389/fpsyg.2021.627669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33833717&dopt=Abstract
http://europepmc.org/abstract/MED/32513832
http://dx.doi.org/10.1136/oemed-2020-106626
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32513832&dopt=Abstract
http://europepmc.org/abstract/MED/33758464
http://dx.doi.org/10.1007/s11071-021-06371-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33758464&dopt=Abstract
https://www.pewresearch.org/fact-tank/2021/03/18/in-the-pandemic-indias-middle-class-shrinks-and-poverty-spreads-while-china-sees-smaller-changes/
https://www.pewresearch.org/fact-tank/2021/03/18/in-the-pandemic-indias-middle-class-shrinks-and-poverty-spreads-while-china-sees-smaller-changes/
https://www.aljazeera.com/news/2021/3/12/india-sees-worst-single-day-rise-in-covid-cases-since-december-24
https://www.aljazeera.com/news/2021/3/12/india-sees-worst-single-day-rise-in-covid-cases-since-december-24
https://covid19.who.int/
https://www.latimes.com/politics/story/2021-04-14/column-the-pandemic-wont-end-anywhere-until-its-under-control-everywhere
https://www.latimes.com/politics/story/2021-04-14/column-the-pandemic-wont-end-anywhere-until-its-under-control-everywhere
https://publichealth.jmir.org/2021/6/e24251
http://dx.doi.org/10.2196/24251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34081593&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Sarah B Welch, Dinushi Amanda Kulasekere, P V Vara Prasad, Charles B Moss, Robert Leo Murphy, Chad J Achenbach,
Michael G Ison, Danielle Resnick, Lauren Singh, Janine White, Tariq Z Issa, Kasen Culler, Michael J Boctor, Maryann Mason,
James Francis Oehmke, Joshua Marco Mitchell Faber, Lori Ann Post. Originally published in JMIR Public Health and Surveillance
(https://publichealth.jmir.org), 17.06.2021. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Public Health and Surveillance, is properly cited. The complete
bibliographic information, a link to the original publication on https://publichealth.jmir.org, as well as this copyright and license
information must be included.

JMIR Public Health Surveill 2021 | vol. 7 | iss. 6 | e24251 | p. 11https://publichealth.jmir.org/2021/6/e24251
(page number not for citation purposes)

Welch et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

