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Abstract

Scientific background: Measures employed to combat COVID-19 included public
lockdowns and vaccination campaigns. Israel’s extensive public health system
produced data which showed the real-world results of these measures.

Objectives: 1) Evaluation of the health and economic outcomes of the measures to
cope with Covid-19. 2) Discover the method that provides reasonable cost-effectieness.
Methodology: Publicly available datasets from the Israeli Ministry of Health were used
to model the mortality, infection rates, vaccination rates and additional parameters of
the pandemic in Israel. Additional data from global sources were examined as well
including data from the Oxford Blavatnik School of Government COVID-19
Government Response Tracker, which was used for quantitative data on government
policies. Data on the Israeli economy were taken from the Central Bureau of Statistics.
Disparate datasets were cleaned, processed, and combined. Various exploratory
analysis techniques from visualizations to complex regressions were applied.
Findings: Our models demonstrate that the first lockdown prevented 1,022 Covid-19
deaths at a cost 36.4-38.6 Billion NIS. The second lockdown prevented 1,970 Covid-19
deaths and cost 18-21 Billion NIS. These lifesaving effects were observed with a time
lag from the declaration of lockdown. The massive vaccination campaign cost 1Billion
NIS and prevented 4,750 Covid-19 deaths. Therefore, the cost per prevented death is
10-36 million NIS with a national lockdown versus 210,000 NIS with massive
vaccination.

Conclusions: Both lockdowns and vaccination campaigns were effective at lowering
Covid-19 deaths. The cost to avoid one Covid-19 death is with massive elderly
vaccination is 50-180 lower than with a lockdown.

Policy recommendations: Policies which target the elderly population for vaccines are
both lifesaving and cost-effective.
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Section 5: Comprehensive scientific report - English
1. Scientific background

Clinical aspects

Over the past century, humans suffered from several pandemics that
impacted the entire world and shaped many policies. The Spanish flu in 1918 caused
a loss of 40-50 million lives, HIV in 1981 that caused a loss of 25 million lives thus
far, and the Swine flu in 2009 that is estimated to have taken 200,000 lives (1).
Coronavirus disease 2019 (COVID-19), caused by the novel coronavirus (SARS-
CoV-2), is the most recent pandemic which poses a global public health emergency.
It first appeared in China in the last quarter of 2019, and it rapidly spread. It was
declared a pandemic by the World Health Organization (WHO) in March 2020.
According to the WHO situation report-77 published on April 6, 2020 (2), the number
of globally confirmed cases exceeded 1.2 million, and more than 69,000 people had
lost their lives. As of November 2021, over 250 million cases and 5 million deaths
have been confirmed (3). The transmission of the novel coronavirus SARS-CoV-2
occurs via close contact with infected individuals' respiratory droplets (4). On March
16, 2020, Israel employed various means of coping with the epidemic, including
declaring a nationwide lockdown that lasted a month and successfully improved the
population health outcomes (5). A second lockdown was enforced on September 18,
2021 and lasted 30 days. The weekly number of deaths caused by COVID-19
following these measures' enforcement is presented in Figure 1. A national lockdown
is defined by an Oxford Stringency Index (OSI) that exceeds 80% (6).
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Figure 1. The weekly number of deaths caused by COVID-19 in Israel and the
corresponding OSI level for the same week.

Economic aspects

COVID-19 imposes an economic burden in every country, including Israel. At
the end of April 2020, the Division of the Chief Economist in the Treasury of Israel
stated that while the growth rate of 2020 was estimated to be 3% before COVID-19,
it was expected to be -5.4% in the aftermath (7). According to the Bank of Israel's
financial stability report for the first half of 2020, the governmental policy's sole
objective was saving lives. The measures taken to reduce the spread of COVID-19
caused a dramatic decrease in economic activity and affected economic stability.
The expected economic forecast for the year 2020 changed in Israel and worldwide
from favorable growth rates to negative ones, far more significant than in the global
economic crisis in 2008-2009 (8). The gross domestic product (GDP) for the second
quarter of 2020 was estimated to decrease by an annual rate of 28% (9). The World
Bank (10) revealed that the pandemic will significantly impact emerging markets and
developing countries that rely heavily on external financing, commodity exports, and

tourism.
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Health policies implemented to cope with COVID-19 spread around the world

Non-pharmaceutical interventions (NPIs) such as social distancing are crucial
in reducing infection and spikes in COVID-19 cases, according to Prem et al. (11).
The authors implemented an age-specific Susceptible-Exposed-Infected-Removed
(SEIR) model to simulate the outbreak in Wuhan, China. The authors concluded that
through NPIs, the magnitude of infections could be reduced, and the importance of
this is mainly to reduce the pressure on health care systems. In the absence of
treatment or vaccine, NPIs effectively contain the disease's spread. Countries that
experienced recent infectious disease outbreaks, such as China, Taiwan, The
Republic of Korea, and Singapore, were more prepared than the western countries
(12). Lockdowns are an NPI measure, but not the only one; testing and contact
tracing is an NPl measure applied in the Asian countries mentioned, which has

helped limit spread.

Most western countries were not prepared for this kind of outbreak. Therefore, the
most used NPI was lockdown; only after developing testing and tracing capabilities,
governments started softening the lockdowns and implementing NPIs with less
economic impact. Research by Barro et al. (13) estimated the loss of real GDP
caused by influenza-related mortality to be between 6 to 8 percent in specific

countries.

Many health policies have been implemented around the world with varying
stringency of enforcement. According to Brodeur et al. (1), most countries have
implemented external border restrictions and school closures. Cheng et al. (14)
developed a Policy Activity Index and determined that the costliest policy to
implement is school closure; social distancing, and mandatory business closure are

the second most costly.
Methods used to measure the benefits and costs of the different means
implemented to cope with the COVID-19 plague.

The subject of measuring the means implemented to cope with COVID-19 is
still under development. Greenstone and Nigam suggested (15) to calculate the

benefits in terms of preventing mortality cases. They first estimated the number of
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mortality cases prevented and then monetized the prevented cases. The estimated
number of mortality cases was based on the Ferguson study (16) that used two
scenarios: the first scenario included a mitigation scenario that combines home
isolation of suspected cases, home isolation for individuals living in the same house
of the suspected cases, and social distancing of elderly and individuals at high risk;
and the second scenario was a no policy scenario. The prevented cases were then
divided into nine age groups and then monetized using the United States (US)
Government's Value of a Statistical Life - VSL (individuals' willingness to pay to
reduce the risk of death) adjusted for age. Following this approach, the authors
found that 1.7 million mortality cases could have been avoided in the US mitigation
strategy. The authors have monetized this clinical benefit to an economic benefit to
the extent of 8 trillion US dollars. This approach’'s main limitation was that the
economic burden associated with these mitigation strategies was overlooked,

specifically, their effect on the labor market, private consumption, and GDP.

Broek-Altenburg and Atherly (17) evaluated such measures' benefits in terms of
guality-adjusted life-years (QALYSs). Firstly, the authors used the median age of
death caused by COVID-19 in Italy at 80.5 and used American citizens' life
expectancy at that age. Secondly, they estimated the cost of implementing a
moderate social distancing policy as the federal incentive package's value in the US
valued at 1 trillion US dollars. According to their calculations, the value per QALY in
the US was estimated to be between $75,000 and $650,000.

Kim and Neumann (18) compared those two approaches and pointed out the
importance of assessing all the benefits and costs in implementing the means used
to cope with COVID-19. These include health outcomes, healthcare costs, labor
market, consumption, legal/crime justice, education, and environment. The authors
emphasized that research in this area should detail which costs and benefits were

considered and excluded from the analyses.

Thunstrém et al. (19) compared the benefits and costs from ‘flattening the curve' in
the US through social distancing policies defined as the avoidance of gathering of 10
or more people and travel restrictions that resulted in a temporary closure of schools,
universities, and public events. They defined benefits as the number of lives saved

due to social distancing. They monetized them using the average willingness to pay
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for a reduction in mortality risk. The costs were defined as the difference in GDP
loss' present value with and without social distancing. The outcome was the benefit-
cost ratio between the value of lives saved and the total GDP loss. They reported a
net benefit of $5.16 trillion from social distancing. The study had several significant
limitations, including using a single policy package, ignoring the distributional impact
of such measures on different groups within the society, and the probability of a

second wave due to preventing herd immunity through social distancing.

Miles et al. (20) conducted a cost-benefit analysis of the UK lockdown and compared
the results with European countries with similar healthcare resources and income.
The lockdown's economic impact was measured as a percentage loss in GDP and
the benefits as gain in life expectancy adjusted for poor health and quality of life. To
monetize the lockdown's health benefits, they applied a value of £30,000 per QALY,
the maximum NICE threshold. The significant finding of this cost-benefit analysis
was that no matter how many lives are saved, even at the high estimate of 400,000
lives saved, the cost always exceeded the benefits. The authors also applied
multiple one-way scenario analyses of GDP loss from 9% to 25%, resulting in a net
benefit of -£125 billion to -£475 billion at 400,000 lives saved. This cost-benefit
analysis concluded that the lockdown policy implemented in the UK was not
beneficial since the costs exceeded the benefits and recommended targeted

restrictions on groups at high risk instead of the whole population.

2. Research objectives

1. To evaluate the effectiveness of various measures on Covid-19 mortality.

2. To discover the most cost-effective method for reducing Covid-19 mortality.
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3. Methodology

Study population

The entire Israeli population.

Study design and perspective

An exploratory economic evaluation was conducted, using a decision-analytic

model to investigate the cost-effectiveness of the measures to manage the COVID-

19 outbreak. The design was from the perspective of the Israeli government.

Strategies

The measures to cope with COVID-19 in Israel that were be analyzed in the

study are as follows:

Nationwide lockdowns, defined by an Oxford Stringency Index of 80% or
higher (21), which included school closure, workplace closure, cancelation of
public events, restriction on gatherings, closure of public transport,
requirements to stay at home, restriction on internal movement and traveling,

and international traveling control.

Limited public restrictions, defined by an Oxford Stringency Index <80 but with
some limitations on full public life which typically included closure of some
public events. The first examples of limited restrictions occurred in March
2020; on March 10, 2020, Israel began enforcing the closure of public spaces
and restrictions on gathering and on March 16, 2020, Israel enforced

workplace closures.

Mass vaccination campaigns, defined as efforts to vaccinate the general adult

population.

The time horizon for economic evaluation

In this research, the time horizon for the economic evaluation was usually

held at three months due to the apparent impact of lockdown on mortality.
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Due to the short time horizon (3 months), cost and benefit estimates were not

discounted.

Outcomes

Primary outcome: Cost per COVID-19-related mortality case prevented.

Data sources, collection, and encoding method

For the study, several dedicated databases were constructed. All the clinical

and economic data from the sources detailed in Table 1 were integrated in these

databases. The variables analyzed are only those obtained from a reliable and

publicly available data source.

Table 1. Clinical and economic data included in the analyses

Variables Description Source
Clinical Daily mortality Ministry of
variables due to COVID- Health (22)
19, age, sector,
gender, death
date
Policy- Overall Uses 17 indicators categorized | Oxford
related Stringency Index | into four categories: University (6)
variable value 1. Containmentand closure
(0-100%) policies
2. Economic policies
3. Health system policies
4. Miscellaneous policies
Values range 0-100%
Number of daily Ministry of
tests Health (23)
Number of daily Ministry of
vaccinations Health (23)
Economic | Quarterly value GDP values and economic Central Bureau
variables of GDP for the forecast of Statistic (8,
years 2020, 2021 24)
2020 14 6.0n 091V
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Data Organization

All data were extracted, analyzed, cleaned, and organized into several unique
databases, which we made public. The code for the data processing is available
publicly on our Github site

(https://github.com/maxcorlabs/Corona_Cost Effectiveness).

The following datasets were published publicly on Zenodo (badges of the DOIs for
several groups of datasets are hyperlinked below).

COVID-19 vaccination data in Israel by age over time until August 2021

DOl 10.5281fzencdc.S5625487

Four tabular datasets which are derived from publicly available Israel Ministry of
Health data but processed for analytics about uptake in different age groups over
time are included on this DOI. They cover the mass vaccination campaign for
COVID-19 until August 2021.Three of the datasets are of a specific ordinal

vaccination, i.e., datasets of only first, second or third doses.

Data on COVID-19 in Israel:

D2l 10.5281fzencdo 4715552

A dataset created from processing various official Israel Ministry of Health datasets
and the Oxford Stringency Index for Israel by MaxCor labs from the start of the
pandemic until April 1, 2021, is included in this DOI. Hospital data on patients,

testing result data, vaccination data and OSI are all in one dataset.

MaxCor Labs COVID-19 in Israel Datasets on COVID-19 from 2020 to April 2021
DOl 10 5281fzencds 4741933

Three separate datasets which built on data made from processing various official
Israel Ministry of Health datasets and the Oxford Stringency Index for Israel along
with a code notebook of the calculations, and written document explaining
calculations are included on this DOI. Hospital data on patients, testing results data,
vaccination data and OSI are included, summed for daily, weekly, and monthly

datasets.

COVID-19 symptoms over time, Israel:

DOl 10.5281frencdo SE38497
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This dataset was created by processing a larger dataset from the Israeli Ministry of
Health of symptoms reported to testing centers. The dataset is for only COVID-19
positive testing patients. The dataset has been organized on a daily basis.

Visualizations from the data were made public in the lab's public Tableau
available at the following link:

https://public.tableau.com/app/profile/maxcor3014

Measurement of effectiveness

The primary outcome of this research is the health benefits from implementing
differing health policies in Israel. This outcome was primarily measured by the total
number of deaths avoided due to the implementation of health policies according to

the stringency index and within time frames of approximately 3 month periods.
Prediction Models

We developed several prediction models to calculate the number of deaths
avoided from the measures implemented in Israel. Our simplest models were based
on various naive time series models and other simpler models included curve fitting
and polynomial regressions. Other models used multiple data inputs in more
complex machine learning models, e.g., random forest regressions. All models used

real world observational data as inputs.

We approximate lives saved by lockdowns by the formula:

M=y+90 Dm+C — N=xt0 pn 4 (',
M=y N=x

Dm denotes daily deaths without a lockdown, summed from the first day of
the period without lockdown (y) until y+90. Dn denotes daily deaths with a lockdown,
summed for each day N from the first day of lockdown (x) until x+90. C denotes the
mortality rate when entering the lockdown, calculated as the mean number of daily
deaths in the first 30 days of the lockdown. C' is the adjustment of C to mortality

rates outside of Israel.
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Measurement of costs

The cost of implementing the measures was defined as the loss in GDP in

new Israeli shekels for the policy's period.

To monetize the primary outcome, we divided the loss in GDP by the total number of

mortality cases prevented, resulting in the cost per mortality case prevented.

Study model rationale and assumptions
The variables presented in Table 1 have been chosen to meet two conditions:
1. The variables are core costs or benefits indicators that are commonly used to
evaluate the cost-effectiveness of measures implemented to cope with
COVID-19.

2. The variable has a reliable and publicly available data source.

Only measures implemented in Israel were included in this study. We did not
consider the impact of the measures to cope with COVID-19 spread on the sectors
presented in Table 2 since they do not meet the two conditions mentioned above.

Table 2. The implication of health policy measures that are excluded from our

analyses
Sector Type of impact on the sector
Legal/Criminal Positive Impact
justice e Impact on motor-vehicle accidents due to reduced
road traffic
Unknown Impact
e Impact on crime rates due to restricted social
engagement
Education Unknown Impact
e Impact on student education attainment through
online learning
Environment Positive Impact
e Reduced air pollution due to reduced road traffic
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The association between OSI and daily mortality

Distributional lag model — Since the effect of OSI on mortality is not limited to the
time observation, we used a time-series based model to assess the relationship
between OSI and mortality rate, and ultimately a distributional lag model (assuming a
30-day lag between lockdown and effect on mortality)

The association between OSI and daily infections

Distributional lag model — Since the effect of OSI on infection rate was not limited to
the time observation, we used a distributional lag model to assess the relationship

between OSI and infection rate.

Scenario analyses
Multiple scenario analyses were completed by changing the variables vaccination

counts, and government stringency.

Identifying possible biases and methods to reduce their impact:

Human-caused MOH reporting data errors were addressed using data published 30
days before the last update. Where appropriate, data was smoothed or examined on
a weekly basis in order to avoid bias caused by different reporting patterns on
weekends and holidays. In addition, to eliminate loss or gain caused by specific
events such as holidays, we compared quarterly values of GDP of previous years.
Moreover, the study does not address all the economic implications of the strategies
to cope with COVID-19, including crime/legal, environment, and education, because
this data is not publicly available. Thus, the conclusions are drawn only regarding the
data available, which is acknowledged. Finally, the definition of COVID-19 related
mortality may have undergone changes and thus affected the number of deaths

recorded.
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4. Findings
Initial Analysis- First wave

Due to the urgency for decision-making in the first wave of COVID-19 in Israel, we
conducted a preliminary analysis in the first weeks of the study. We estimated the
cost to avoid one Covid-19 death at 39 million NIS. The results were distributed to
the professional public health community and the COVID-19 committee of the Israeli

parliament. The report (in Hebrew) is attached as an appendix. Figure 2 depicts our

analysis:
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Figure 2: Mortality Benefit of the First Lockdown

The graph depicts our analysis: The orange graph depicts the actual mortality during
the first wave. The grey graph depicts mortality rates in the second wave without
lockdown. The integral of the differences between the two graphs is an estimation of
the Covid-19 deaths avoided by the lockdown, using the formula described in the

methods.
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OSl| and lock-downs

Government stringency did affect the spread of the disease, but with some time lag.
The reproductive rate R and government stringency numbers are visualized over

time in Figure 3.
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Figure 3: Normalized government stringency and R in Israel

Using Spearman's correlations with computational methods of modeling time shifts,
we determined that the most significant correlation between government action
before the vaccination campaign and R occurred 9 days after government action.
Using the data before the vaccine campaign, the correlation for this time lag was
negative 0.59. To put this finding in plain language when the government raised
stringency, the R began dropping, and when the government lowered stringency the
R rose, but these effects were maximal at about nine days after government action.
The inverse correlation between government action and R was not maintained after

very significant numbers of people were vaccinated. As vaccinations rose,
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government stringency dropped, but R remained relatively low until the Delta variant
appeared at the end of June 2021.

Infections did not translate into deaths at the same rate throughout the epidemic.
Case fatality actually fell significantly after the start of the pandemic as seen in

Figure 4.
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Figure 4. Cumulative case fatality rate in Israel over time from the start of the epidemic

Despite changing case fatality rates (, effects of government actions were observed
to be carried through to affect deaths as well. Lockdowns were correlated with
dropping deaths with a time lag of a couple of weeks before deaths had dropped
substantially. Through various methods of computational modeling, a life-saving
effect was verified.

This effect can be illustrated by examining models without lockdown, as illustrated in

Figure 5:
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Figure 5: Real daily deaths from COVID-19 per million population in red, quarters with lockdown
include modeling of deaths without lockdown based on real deaths in quarter without lockdown in blue

The Israeli lockdowns began on Mar 15 and Sept 15, 2020, and were
imposed for 50 and 42 days, respectively. C (the mortality rate when entering the
lockdown) for the first and second Israeli lockdown were 4.6 and 31.9 and saved
1,022 and 1,970 covid-19 deaths, respectively.

Cost of National Lockdowns and associated cost per avoided death

The cost of the first national lockdown was estimated at 5.1 to 5.5 billion NIS
for each week. Therefore, the total cost of the first lockdown was 36.4-38.6 billion
NIS. With an estimated 1,022 covid-19 deaths avoided, the cost per avoided death is
35,644,395-37,741,124 NIS.

The cost of the second national lockdown was estimated at 3 to 3.5 billion NIS
for each week, as it was implemented during the holiday period. Therefore, the total
cost of the second lockdown was 18-21 billion NIS. With an estimated of 1,970
covid-19 deaths avoided, the cost per avoided death is 9,137,056 - 10,659,898 NIS.

Massive Vaccinations

The real-world data reflects that the Israeli vaccination campaign proceeded as
planned in terms of targeting older age groups first (26,27). Deaths were lowered by
the vaccination campaign. In fact, there were even fewer than predicted deaths (28)
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given no changes in government policy. This finding is substantial because the
government policy actually loosened measures against the disease, and the
vaccination campaign still led to dropping death rates. The distribution of infections
was not balanced with the younger population groups making up more cases before
and after the vaccination campaign, but the distribution of deaths changed. Case and
death distributions are shown in Figure 6 for two periods before 90% of the 70+

population was vaccinated and one period after, until the end of June.
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Figure 6: Selected case and death distributions in periods before during and after mass vaccination campaigns.

Without any vaccines, all other things being equal, including the lowered government
stringency, the expected number of deaths in the period after the mass vaccination campaign

had vaccinated most of the vulnerable population would have been 5,120 in the population
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over 70 by our modeling (which modeled the period until the Delta variant became
predominant at the end of June 2021). This older population made up 61% percent of deaths
before vaccination and about 40% of deaths afterwards. Therefore, a conservative estimate
would put deaths without the vaccination campaign and the same government policy of
lowering stringency at around 10,000. The confirmed deaths were 370 in the elderly
population and 930 overall, resulting in the estimated prevention of 4,750 Covid-19 deaths.
Cost of Vaccinations and associated cost per avoided death

The cost of the first primary vaccination campaign during early 2021 was estimated at
1 billion NIS. With an estimated of 4,750 covid-19 deaths avoided, the cost per avoided death
is 35,644,395-37,741,124 NIS.

The cost of the second national lockdown was estimated at 3 to 3.5 billion NIS for
each week, as it was implemented during the holiday period. Therefore, the total cost of the
second lockdown was 18-21 billion NIS. With an estimated of 4,750 covid-19 deaths avoided
(28), the cost per avoided death is 210,256 NIS.

5. Discussion and Conclusions

Both lockdowns and vaccination campaigns were effective in lowering infections and
deaths. Vaccination campaigns were a more cost-effective approach to COVID-19
containment once the cost on the overall economy of lock-downs was factored in.
While the vaccination campaigns have lowered deaths among the old, older people
still made up a disproportionate percentage of deaths from COVID-19 in Israel at the
end of summer 2021.

The most pressing additional findings of the Maxcor lab's various studies are that the

virus in Israel is changing towards more infectious variants.

6. Policy Implications and Recommendations

Health Data Policy Recommendations:

The Israeli Ministry of Health has done a laudable job providing much data publicly
during the present unforeseen crisis caused by COVID-19. However, there are a few
specific practices which this ministry and other government bodies could improve in
terms of managing data not only for COVID-19 but also for other future epidemics.
At the beginning of the crisis, it was unclear which datasets were of record, and

would remain locked. As disease tracking has become more routine, it appears that
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information available on the dashboard is up to date, but not necessarily stable, and
information available in datasets on data.gov is more stable.

We suggest that in addition to the dashboard, the Israeli Ministry of Health publish
more stable datasets in more developer friendly formats and increase database
administration personnel.

Unfortunately, an effort to create more accessible databases such that research
groups could directly query them to produce tabular data might have unacceptable
risks in terms of patient privacy and cyber-security. On the other hand, the limited
data publicly available from the Israeli Ministry of Health is tabular data which
required significant processing, sometimes had only Hebrew text, and sometimes
presented approximations where precise data could have been published, e.g.,
"<15" for a number of vaccinations in an age group per day. New computational
methods used by Maxcor and other advanced research groups including various
forms of machine learning are better served with precise numerical data where
available. In order to avoid discrepancies in data, more collaboration between the
Ministry of Health and research labs such as Maxcor should be incentivized.

At present, not only is very limited data available, but researchers including those at
the Ministry of Health are often de-incentivized from sharing data publicly or even
with other research groups. We recommend at least two interventions: financial
bonuses for collaboration and data sharing, and dedicated database management
personnel who help circulate data. A targeted intervention of financial bonuses for
collaboration and data sharing between research groups might lead to more data
sharing, which would allow more research groups more possibilities in terms of
research on COVID-19 related data. Dedicated additional database administrators
who works only as liaisons between the Israeli Ministry of Health and legitimate
infectious disease, public health or health policy research groups could allow
research groups to attain datasets formulated to help answer their research
guestions. Such personnel should also work as a liaison with the Central Bureau of
statistics, the army, and possibly other public institutions to integrate datasets.
Database management capable staff are in high demand (thus exceptionally well
renumerated) and cannot be easily produced through class-room education as the
job requires skills learned through practical experience. Thus, it is highly
recommended to add additional staff in this area to prepare for future epidemics and

pandemics.
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Public Health Policy Recommendations

In striving to create the best possible public health outcomes for the Israeli public,
policy makers must weigh the financial effects of health policy carefully. Measures
against other epidemic in Israel have not led to such negative financial
consequences as the initial emergency measures against COVID-19 which involved
lockdowns of public life. The results of such financial consequences will be seen for
decades to come in every area of life including public health.

Although the mass vaccination campaign was successful, as the Delta variant
appeared, deaths began to rise in spite of high vaccination rates. Scientific debate
about to what extent this rise was due to vaccinations wearing off, and to what extent
the Delta variant was less preventable with the current vaccination regime continues.
Nonetheless, we expect more variants of variable sensitivity to the present vaccines
to appear in Israel. If new variants are more infectious as the Alpha variant was
(reference our Alpha pub), we expect them to become dominant strains causing the
majority of infections.

Based on our measures of the economic impacts of various strategies we
recommend that actions which exclude public lockdowns should be used against the
epidemic as it unfolds including education campaigns, increased research and mass
vaccination campaigns before public lockdowns are considered. We also
recommend that targeted closure measures are undertaken before complete
lockdowns are instituted. Our data analysis shows that increasing stringency has an
inverse effect on disease spread whether or not the stringency is high enough to be
considered a complete lockdown.

An additional measure in the fight against COVID-19 which we recommend is
increased surveillance with specificity for mutations in the virus. As our group's
research has explored, new strains of COVID-19 may be more infectious, more
deadly or both. We therefore recommend continued surveillance of virus strains as
the virus continues to evolve paired with continued research on the real-world
effects. This surveillance should be integrated with similar surveillance efforts in the
occupied Palestinian territories. Our research has shown that there has been a
change in presenting symptoms of the disease over time (32), thus we recommend
continued tracking of symptoms, and funding research which examines the
correlations between new symptoms, newly predominant symptoms, and new

strains.
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Supplement 1: Preliminary Analysis, before the first lockdown in Israel
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