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Abstract

After months of blockades and restriction, the decision of the best time to end the lockdown after the first wave of the COVID-19 pandemic is the big question
for health rectors. This study aimed to evaluate the characteristics and conditions for ending the blockade after the first wave of COVID-19. Data on the
variables of interest were subjected to linear and non-linear regression studies to determine the curve that best explains the data. The coefficient of
determination, the standard deviation of y in x, and the observed curve of the confidence interval were estimated. Regression which was estimated,
subsequently revealed the trend curve. The study found that all dependent variables tend to decrease over time in a quadratic fashion, except for the variable
for new cases. In general, the R2 and mean absolute percentage error (MAPE) estimated were satisfactory: gradual and cautious steps should be taken
before ending the lockdown. The results suggested that surveillance of crucial indicators (e.g., incidence, prevalence, and PCR test positivity) should be
maintained before lockdown is terminated. Moreover, the findings indicated that long-term preparations should be made to contain future waves of new cases.
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Introduction

The global population is possibly experiencing the
most critical juncture of this millennium due to the
emergence of the Corona Virus Disease 2019 (COVID-
19) (e.g., the disease caused by the coronavirus SARS-
CoV-2) pandemic. In the absence of definitive treatment
modalities and lack of development of a vaccine, the only
effective strategy currently appears to be preventive in
nature. Containment and restrictive measures result in
considerably low rates of transmission of the virus.
Therefore, a significant part of the world's population is
at home as a strategy for containing the pandemic.!

Following many Asian and European countries, cities
are closed to fight the virus. The most stringent social
isolation measure taken to date is total closure. This
scheme is projected to be the most effective in preventing
the spread of the infection, leading to major negative
social and economic consequences. However, govern-
ments worldwide have declared that the closure is
effective, which resulted in extended periods.2

Notably, Chile has performed poorly in terms of
prevention. In this regard, understanding the dynamics
of infection transmission is essential because it could

determine whether outbreak control measures are having
a significant effect. Many governments have incorporated
control measures, such as quarantine, travel restriction,
and airport inspection for travelers. However, the
effectiveness of such measures in controlling the
outbreak is inconclusive.3:4

Many European countries implemented unprecedent-
ed non-pharmacological interventions, such as school
closure and national closure. Such interventions and the
lockdown exerted a significant effect on the reduction of
the transmission of the virus. Restricting the movement
of people and reducing contact can help to contain the
pandemic. Patterns of change during lockdown periods
indicate effectiveness in slowing the spread of the virus.
However, it must maintain a continuous lockdown to
control the transmission of SARS-CoV-2.3.5

Moreover, this pandemic has generated fears of an
impending economic crisis and recession. Social-
distancing, self-isolation, and travel restrictions have
reduced the workforce in all economical sectors and
caused many job losses. Schools have closed, and the
need for manufactured goods has decreased. In contrast,
medical supplies have increased significantly. In addition,
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the food sector has faced increased demands due to panic
buying and storage of food products.6

After closure, social isolation has led to economic
difficulties and adverse psychological reactions, which
are often more significant than physical suffering.
According to the World Health Organization (WHO),
anxiety and distress have been natural psychological
responses to the current situation. Stress, anxiety, and
depression manifest themselves when people are under
life-threatening circumstances and must face the impend-
ing problem of death. These conditions have been
intensified if families need to be separated due to the
uncertainty of disease progression, insufficient supply,
financial losses, and increased risk perception, which are
typically magnified by incomplete information and
inadequate communication through the media in the
early phase of the pandemic.”

Chile has initiated de-escalation, thus requiring
knowledge about the best time for the end of restriction.
The study intended to forecast the future of lockdown
and its favorable epidemiological conditions by analyzing
three elements, such as incidence, prevalence, and
polymerase chain reaction (PCR) test positivity. Such
elements were vital to the assessment of the progress of
the pandemic. Therefore, this information is a
prerequisite to the decision-making of policymakers
about future strategies.

Method

Data was collected from the COVID-19 database of
the Chilean Ministry of Science, Technology, Knowledge,
and Innovation. The data are publicly available and
adhere to ethical regulations.8

The study estimated the post-peak decline curves for
each variable of interest: new cases (6,938 as of June 14,
2020), active cases (37,307 as of June 21, 2020), and
positive PCR tests (39.63% as of June 10, 2020).

Data for the said variables were subjected to linear
and non-linear regression studies to determine which
curve best explains the data using analysis of sequential
variance. The determination coefficient (R2), which is the
standard deviation of the values of the dependent variable
y with respect to the independent variable x in each
estimated curve (Sy-x) was calculated. Additionally,
regression estimates were made with a confidence
interval (CI) of 1% error. The variables under the study
trends regarding the explanatory variable (time in days)
were estimated using linear and quadratic regressions.
The errors in the estimation of the curves were calculated
using the error indicators mean absolute percentage error
(MAPE), mean absolute deviation (MAD), and mean
signed deviation (MSD). Mean absolute percentage error
(MAPE) enables the estimation of the magnitude (in
percent) of the curve error, whereas two MAD and MSD
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Figure 1. Results of the Trend of Incidence (New Cases) of COVID-19 in
Chile at Post-Peak

compare a trend curve with another curve. The lower the
indicators are, the better the explanation that the
behavior of the data reflects a curve that describes better
than others. The program used for the estimates was
Minitab 18.0.

Results

Figure 1 shows the estimation of the trend curve of
new cases over time (in days). A linear curve was
observed to represent this behavior best. The R2 (71.9%)
value can be considered relatively high, and this trend
curve explains 71.9% of all existing variations. The value
of Sy-x was 643.3. The MAPE value reached 14%, and
this magnitude of error explains the estimated R2 value.

Figure 2 depicts the estimation of the active curve of
case trend over time (in days). The study observed that a
descending quadratic curve best represents this behavior.
The R2 (96%) value was extremely high, such that this
trend curve explains 96% of all existing variations. The
value of Sy-x was 774.6. The MAPE value reached 2%,
and this magnitude of error illustrates the magnitude of
the estimated R2 value.

Figure 3 displays the results of the estimation of the
trend curve of the positive PCR tests (%) over time (in
days). The study observed that a descending quadratic
curve best represents this behavior. The R2 (72.5 %)
value was relatively high. Therefore, the trend curve
explains 72.5% of all existing variation. The value of Sy-x
was 2.88. The MAPE value reached 7.35%, and this
magnitude of error explains the estimated R2 value. The
MAD and MSD values can not be compared with other
curves because the literature lacks estimates similar to
those in the present study.

Discussion

The mathematical model of any situation aims to de-
scribe the essential components and predict certain ge-
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Figure 2. Results of the Trend of Prevalence (Active Cases) of COVID-19 in Chile at Post-Peak
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Figure 3. Results of the Trend of Positivity of COVID-19 PCR Tests in Chile, after the Post-
Peak of Positivity

neral trends. However, an accurate prediction is impos-
sible. Therefore, the proposed model only provides a ba-
sis for obtaining a mechanism for understanding under
the type of restrictions and current population condi-
tions. One of the epidemiology tasks is predicting the
evolution of infectious diseases using mathematical mo-
dels. However, such models exclude the specific
characteristics of the affected population.®

The most effective policy is a combination of screen-
ing and blocking. Screening reduces the risk of infection,
whereas blocking prevents people from returning to nor-
mal life prematurely. Notably, the longer the time of
home lockdown, the shorter the period of mandatory
restrictions required despite the adverse the conse-
quences of the lockdown. For this relationship to be ful-
filled, population behavior is essential. Unfortunately, in
Chile, this necessary condition has only been partially
respected.10

Chile has surpassed the minimum barrier of per capita
PCR testing, which several countries reported on the date
they finished the lockdown. This difference accentuates
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the perception of Chile's poor performance in terms of
prevention of the pandemic. Nevertheless, the deescala-
tion phase should increase the daily PCR tests. The cur-
rent analysis indicates that the opposite is happening.
European,!1-20 Asian,21.22 Qceanic,23:24 and South
American countries (Uruguay),2> have finished their first
major period of lockdown upon reaching the following
minimum conditions on average in the context of the
COVID-19 pandemic: incidence rate = 1.26 (100,000 in-
habitants), prevalence rate = 61.05 (100,000 inhabi-
tants), and rate of positive PCR tests = 2.81%.26
According to the abovementioned indicators, the
study estimates that the start date for the gradual de-es-
calation of restrictions should begin after July 30, 2020.
The reason for this date is to determine the end date of
the containment, thus avoiding the saturation of health
services and achieving success by taking into account on-
ly the criterion of active cases, which is the closest to be-
ing reached. However, evidence shows that beginning the
end of mandatory de-escalation on August 3, 2020 would
be completely safe and successful given the three com-



San-Martin-Roldan et al, Assessment of Characteristics and Conditions before the End of Lockdown

bined indicators (e.g., incidence, prevalence, and positiv-
ity).4

The lockdown should be lifted without risk of over-
whelming health services. If all restrictions are universally
lifted, it could trigger a rapid resurgence of infections and
lead to more deaths. Second and third waves are expected
after reopening and a considerable time before the
development of any effective vaccine, generation of col-
lective immunity, and final resolution of the pandemic.
Second waves are predictable and should be managed in
proportion. If a return to containment is necessary for
mitigation, then it should occur without generating sus-
picion. With the decrease in the number of active cases,
traceability will become easier and presumably more ef-
fective. Thus, preparing for future outbreaks is necessary,
especially by strengthening primary care services. Such
preparation is precisely the function of primary care and
nursing staff, which is crucial to the post-peak COVID-
19 phase because people do not internalize the social
costs of the spread of the virus and opt to return to nor-
mal life soon. The estimation indicated 59%-85% of the
population should be infected pandemic in the absence
of an effective vaccine or treatment. Therefore, the strat-
egy should be managing the spread through phased re-
lease measures. Any flexibility in the sudden release of
the lockdown or impossibility of achieving contact trac-
ing can lead to exponential transmission, leading to many
unmanageable cases given the available health infrastruc-
ture and human resources. Simultaneously, evidence-
based protocols for possible strategies should be prepared
before the end of the lockdown.27-30

The study recommends that in the period leading up
to the end of the lockdown, teleworking should be inten-
sified, and that as many people as possible should be able
to work from home, even without obligation. Potentially,
34% of jobs could be accomplished at home, which im-
plies reduced mobility by nearly the same percentage.
Potentially, the younger population could be the first to
be released from the lockdown to further alleviate any
subsequent stress on the health system and potentially
reinforce the collective immunity effect.!:2

The results derived from the proposed model can pro-
vide useful information on maintaining/releasing contain-
ment and avoiding adverse effects in any country. This
model is sensitive to health interventions and decisions
made, which can lead to variations in predictions. Thus,
nations can rely on official databases to reveal biases in
case confirmation and information.

Conclusion and Recommendation

The findings emphasize that gradual, cautious steps
should be taken with the ease in restrictions to save re-
sources and lives. The work of primary care and nursing
staff is crucial in the post-peak COVID-19 phase. Lastly,

long-term preparations should be made to contain future
waves of new cases.
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