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Background: There are few studies demonstrating how the effectiveness of various extents of
non-pharmaceutical interventions (NPIs) before and after vaccination periods. The study
aimed to demonstrate such an effectiveness in the alteration of the epidemic curves from the-
ory to practice.
Methods: The empirical data on the daily reported COVID-19 cases were extracted from open
source. A computer simulation design in conjunction with the susceptible-exposed-infected-
recovered (SEIR) type model was applied to evaluating confinement measures in Italy with
adjustment for underreported cases; isolation and quarantine in Taiwan; and NPIs and vacci-
nation in Israel.
Results: In Italy scenario, the extents of confinement measures were 34% before the end of
March and then scaled up to 70% after then. Both figures were reduced to 22e69% after adjust-
ing for underreported cases. Approximately 44% of confinement measures were implemented
in the second surge of pandemic in Italy.
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China, 44% of isolation and quarantine were estimated before March 23rd, 2020. Isolation and
quarantine were scaled up to 90% and at least 60% to contain community-acquired outbreaks
from March 24th, 2020 onwards. Given 15% monthly vaccination rate from December 2020 in
Israel, the effectiveness estimates of reducing the infected toll were 36%, 56%, and 85% for
NPIs alone, vaccination alone, and both combined, respectively.
Conclusion: We demonstrated how various NPIs stamp out and delay the epidemic curve of
COVID-19. The optimal implementation of these NPIs has to be planned before wide vaccine
uptake worldwide.
Copyright ª 2021, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

The third novel coronavirus, coronavirus disease 2019 (COVID-
19) caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), emerged in Wuhan, China since
December 2019. As of April 15, 2021, approximately 120
million peoplewere infectedwithCOVID-19 and the death toll
was more than 2.65 million.1 Following the accompanying
article is the same special issue, the first epidemic wave of
COVID-19 hit China. The second epidemic wave hit South
Korea, Italy and Iran. Only about one month later, the
outbreak of COVID-19 rapidly swept through most European
countries followedby theUnitedStatesandAfrica.Theefforts
made to completely contain the spread from hotspot to hot-
spot to avert pandemic have failed. In Italy, which was one of
the countries with a large outbreak, confirmed cases doubled
from 41,035 to 86,498 in just one week (from March 19 to
March 27, 2020) during the first surge period on region level
(from February 1, 2020) in Lombardy. In the second surge,
COVID-19 swept Italy entirely fromOctober 1, 2020 onwards in
thewake of the emergingUK variant (B.1.1.7) that dominated
the origin lineage (D614G).2 The rapid growth of confirmed
cases has crowded some hospitals, enforcing emergency
rooms to be closed to avoid newly diagnosed patients. The
capacity of health care system, including medical crews as
doctors and nurses as well as basic medical equipment like
respirator masks, gown and mechanical ventilators, was
insufficient. In Italy, about 100,000 student doctors were
permitted to omit their final exams and rushed into service to
support the struggling health care system.3 The lack of med-
ical resources partially led to the case-fatality rate as rela-
tively high as 12.7% in Italy comparing with other countries.1,4

Note that such a case-fatality rate may be biased as under-
reported cases were very likely and should be adjusted. The
devastating situationalsooccurred inHubeiprovinceofChina.
The mortality rate of COVID-19 in Hubei was significantly
higher than that of other regions in China.5 As the situation in
Italy showed that the rate at which people contracted COVID-
19 was crucial to whether the medical infrastructure was
sufficient to cope with the outbreak.

These fatal sequelae of COVID-epidemic called for the
necessity of implementing non-pharmaceutical in-
terventions (NPIs), such as confinement measures by lock-
down as seen in Italy, and isolation and quarantine as seen
in many countries like Taiwan during pandemic period and
Israel even in the period of the roll-out of vaccine.
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In the theory of infectious epidemiology, the provision of
NPIs would flatten the epidemic curve, leading to a lower
rate of spread to buy time for developing mitigation stra-
tegies such as social distancing and preparedness for per-
sonal protection and hygiene in order to stamp out the
subsequent epidemic wave during the prolonged period of
epidemic curve after initial outbreak. The curve refers to
the projected number of people who would be contracted
by COVID-19 over a period of time. The flatter curve also
means the slower transmission rate. The implementation of
these interventions can slow down the spread rate of virus
so that fewer infected people seek medical advice simul-
taneously and the health care system can afford to take
care of the sick. The slower transmission rate can avoid the
overload of health care system beyond its capacity. The
implementation of NPIs is also important for the country
with the roll-out of vaccine like nationwide mass vaccina-
tion campaigns using newly developed vaccines with
emergency use authorization initiated against COVID-19
since December, 2021 in Israel.6

Here, we applied a computer simulation study design to
simulate three scenarios with various NPIs before and after
vaccination period in Italy, Taiwan and Israel and demon-
strated how confinement measures and isolation and
quarantine with and without vaccination flatten the
epidemic curve and evaluate the corresponding results of
effectiveness by using a Susceptible-Exposed-Infected-
Recovered (SEIR) model.
Materials and methods

The computer simulated study design with various
NPIs

The reproductive numbers of Italy and Israel were esti-
mated before the confinement measures such as lockdown
implemented. A computer simulation design was developed
to compare the epidemic curves of various scenarios of
confinement measures compared with the theoretical
epidemic curve without intervention.

The theoretical epidemic curve for the scenario without
the traditional containment measures of quarantine and
isolation used in Taiwan scenario assume that there would
have been an initial outbreak of COVID-19 had there been
lacking of these containment measures. The purported
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outbreak would be similar to the first outbreak in Wuhan,
China that is supposed to have been spread to Taiwan
through importation cases before border control.

Furthermore, the joint effect of confinement measures
and vaccination was demonstrated by using Israel scenario
based on the simulated study design.
Data collection

The data, including daily number of infected, recovered
and death cases in Italy, Taiwan and Israel, were extracted
from the open database, Coronavirus Resource Center built
by Johns Hopkins University and Medicine.1 The collected
duration of Italy was form January 26, which was the re-
ported date of the first case, to February 20, 2021; that of
Israel was from February 20, 2020 to February 20, 2021. The
data between January, 2020 and April, 2020 in Taiwan was
extracted from the database of Taiwan Centers for Diseases
Control.7 The detailed information of source, intervention
and model assumption for three countries were described
in Table 1.
Definitions of NPIs

Confinement measures (Italy)
The confinement measures such as lockdown was imple-
mented in north and middle Italy since March 8, 2020. The
main measures included the restriction for stores, restau-
rants and amusement building. The residents lived in the
affected area were asked to stay at home and the students
were asked to attend the online course at home rather than
gathering at school.
Table 1 Data source, intervention and model assumptions
for Italy, Taiwan and Israel.

Country Source of
information

Intervention Assumptions

Italy Open data from
Coronavirus
Resource Center
(Johns Hopkins
University)

Confinement
measures

The extents of
confinement
measures are the
same across
areas in Italy

Taiwan Open data from
Coronavirus
Resource Center
(Johns Hopkins
University) and
Taiwan Centers
for Diseases
Control

Isolation and
quarantine

The transmission
rate was the
same as Wuhan,
China

Israel Open data from
Coronavirus
Resource Center
(Johns Hopkins
University)

Confinement
measures
and
vaccination

The extents of
confinement
measures are the
same across
areas in Israel
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Conventional containment of quarantine and isolation
(Taiwan)
We focused on the impacts of the two NPIs, isolation and
quarantine, on the change of epidemic curve in Taiwan.
The definition of isolation is the separation of symptomatic
cases from non-infected persons and the objective is to
interrupt transmission to susceptible persons. The defini-
tion of quarantine is restriction of asymptomatic cases in
order to reduce transmission from asymptomatic cases to
susceptible persons. The percentage of asymptomatic cases
was set 20% and the transmission probability was assumed
only 35% of symptomatic cases based on the previous
studies.8 To simulate the effects of these interventions, we
created synthetic contact matrices for each intervention
scenario from these building block matrices.

We considered the following scenarios: First, neither
isolation nor quarantine is introduced namely natural
spread. Second, under the background with 30% of symp-
tomatic cases isolated (the extent of isolation is 30%),
Third, under the background with 50% of symptomatic cases
isolated (the extent of isolation is 50%), incorporation with
different extents of quarantine are observed (the extents
of quarantine are 0%, 30%, 60% and 90%, respectively) and
under the background with 70% and 90% of symptomatic
cases isolated. Under the framework of the SEIR model, we
estimated the extents of these two NPIs achieved to
contain the viral spread by fitting the data of daily reported
in Taiwan during January, 2020 to April, 2020.

Vaccine (Israel)
We further investigated the various vaccination rates to
contain the epidemic under the situations with and without
confinement measures in Israel. The vaccination coverage
rate was assumed 70% and compared to natural spread
situation, the 10%, 15% and 20% of people vaccinated per
month since December 19, 2020 in Israel were conducted to
evaluate the efficacy of vaccination.6
Statistical analysis

The theoretical epidemic curves in Italy, Taiwan and Israel
to evaluate the different NPIs such as confinement mea-
sures and traditional containments and vaccination were
simulated by using a deterministic compartment SEIR type
model. The whole population were categorized into four
compartments based on their infection status, including
susceptible (S), exposed (E), infected (I), and recovered
(R). Susceptible individuals might contract the infection at
a given rate (a) when they contacted with an infectious
person and got into the exposed state. Then, they pro-
gressed to infected state (the rate from the exposed state
to infected state was b) followed by the state of recovered
with the rates of b (transmission coefficient) and s (re-
covery rate). We assumed that the population in Italy,
Israel, and Taiwan was a closed system with a constant
population size through the whole course of the epidemic
(i.e. S(t)þE(t)þI(t)þR(t) Z N). The infected state was
separated into the contributions of 80% symptomatic cases
and 20% asymptomatic cases.8

Let S(t), E(t), I(t), and R(t) denote the numbers of sus-
ceptible, exposed, infected, and resistant with time. To



Table 2 The parameters applied for SEIR model of COVID-
19.

Parameters Estimates Reference

The proportion of asymptomatic
case

0.20 Buitrago
et al.,8

Progression rate (b, 1/incubation
period)

0.1428 Backer
et al.,9

Resistant rate (s, 1/infectious
period)

0.20 Woelfel
et al.,10

Transmission rate (a)
Italy (First period) 1:51� 10�8

(R0 Z 6.37)
Estimated

Italy (Second period) 7:19� 10�9

(R0 Z 3.04)
Wuhan, China (First period)a 3:15� 10�8

(R0 Z 5.07)
Israel (First period) 1:07� 10�7

(R0 Z 6.80)
Israel (Second period) 3:79� 10�8

(R0 Z 2.40)
Relative transmission rate of

asymptomatic case compared
to symptomatic case

0.35 Buitrago
et al.,8

Abbreviations: S, susceptible; E, exposed; I, infected; R,
recovered.

a The parameter was used for simulate the dynamic of SEIR in
Taiwan.
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incorporate the symptomatic and asymptomatic cases into
our model, the Is(t), Ias(t), Rs(t) and Ras(t) denote the
numbers of symptomatic and asymptomatic of infected and
resistant cases. The instantaneous change of the four states
with time can be derived by the following ordinary differ-
ential equations:

dSðtÞ
dt

Z � aSðtÞIðtÞ

dEðtÞ
dt

ZaSðtÞIðtÞ � bEðtÞ ; IðtÞZIsðtÞ þ IasðtÞ
Figure 1 Simulated effect of confinement me
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dIðtÞ
dt

ZbEðtÞ � sIðtÞ

dRðtÞ
dt

Z sIðtÞ ; RðtÞZRsðtÞ þ RasðtÞ

The parameters of transmission rate (a), progression
rate (b) and resistant rate (s) from the infected status can
be estimated by the solution of the four-state differential
equations regarding the empirical data on the observed
COVID-19 cases in Italy, Taiwan and Israel. Where trans-
mission rate (a) was estimated for Italy by the daily case
number in Italy at the early phase of the outbreak from
January 26 to the end of February, 2020, for Taiwan by the
daily case number in Wuhan, China before lockdown mea-
sures and for Israel by the daily case number in the first and
second surge of the outbreak (Table 2).

Progression rate (b) is the daily probability of an
exposed individual becoming infected status with being
the inverse of incubation period.9 Recovery rate (s) con-
sists of Rs and Ras represents the daily intensity for an
infected subject to individual becoming resistant status
like recovery or death, which is the inverse of the average
time of infection and contributed from symptomatic (Is)
and asymptomatic (Ias) cases.10 The details of individual
parameter are listed in Table 2. The estimated results are
further used to calculate the projection of four infectious
states by time. The calibration of SEIR model for under-
reported COVID-19 cases using the Lombardy outbreak as
an illustration.

All statistical analyses were conducted using MATLAB
(version R2017b, The MathWorks Inc., Natick, Massachu-
setts, USA).

Results

Theoretical part of effectiveness of non-
pharmaceutical interventions with three scenarios

Confinement measures of COVID-19 epidemic curve
Fig. 1 shows epidemic curves of 10%e60% confinement
measures as opposed to the theoretical epidemic curve
asures of COVID-19 epidemic curve in Italy.



Figure 2 Simulated effect of isolation and quarantine of COVID-19 epidemic curve in Taiwan. (a) Isolation 0, 30, 50, 70, 90% and
quarantine 30%, 60%, 90% with isolation 50%. (b) Isolation 0, 30, 50, 70 and 90% and quarantine 30%, 60%, 90% with isolation 70%.
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without confinement measures. Note that the latter is a
reflection of the initial outbreak of COVID-19 in Lombardy
region, Italy. Such a model provides a benchmark for
evaluation of effectiveness of various extents of confine-
ment measures during lockdown as seen in Italy after this
initial outbreak and other European countries.

Isolation-quarantine-oriented containment of COVID-19
epidemic curve
Fig. 2 (a)-(b) show the comparisons of epidemic curves
between various traditional scenarios of isolation and
quarantine and the theoretical epidemic curve without
these containment measures using Taiwan as a theoretical
example. As mentioned earlier, the theoretical epidemic
curve used here would have been similar to the initial
outbreak (R0 Z 5.07) of COVID-19 in Wuhan, China had
been lacking of these containment measures.

Under natural spread situation without isolation and
quarantine, the total infected number of cases and the
peak of actively infected cases would be 18, 164,989 and
S50
5,620,602, respectively, and the duration of the outbreak
would be 218 days (Figs. 2 (a) and 3). Under the circum-
stance with 30% of symptomatic cases isolated, the total
infected number of cases and the peak of actively
infected cases would be reduced to 17, 523,345 and
4,232,776 and the duration of the outbreak would be
prolonged to 277 days. With 50% of symptomatic cases
isolated in combination with different extents of quar-
antine as 0%, 30%, 60% and 90%, the peak of infected
cases would be reduced from 2,860,664 persons to
2,185,825 persons accordingly, as well as the duration of
the outbreak prolonged from 373 days to 445 days,
respectively. While the extent of isolation can be
expanded to more than 90% no subsequent outbreak
would be expected. Fig. 2 (b) shows the similar results
based on the scenario of 70% isolation.

Vaccine effect on COVID-19 epidemic curve
Under natural spread situation without confinement mea-
sures, isolation and quarantine, the nationwide mass



Figure 3 Estimated total number, maximal number of active infectious cases, and duration of outbreak in scenarios with
different extent of isolation and quarantine. (a) Estimated total number. (b) Estimated maximal number of active infectious cases.
(c) Duration of the outbreak.
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vaccination campaign was implemented in Israel. Assume
the 70% coverage rate of vaccination, compared to natural
spread situation, 10%, 15% and 20% of people vaccinated
per month led to reduce the peak of actively infected cases
from 764,475 to 410,914, 292,635, 212,618, respectively
and also shorten the duration of outbreak (Fig. 4).
S51
Empirical results with applications to three
scenarios

First and second surge in Italy
We fitted the observational data of cumulative case number
since January 26, 2020 until the end of 2020 to estimate the



Figure 4 Simulated effect of vaccination of COVID-19 epidemic curve in Israel.

Figure 5 Empirical results of confinement measures of COVID-19 epidemic curve in Italy. (a) Cases (b) Death (c) Case fatality (d)
Re-estimated cases.
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extents of confinement measures in Italy. During the first
outbreak period, the transmission rate was reduced by
increasing the extent of confinements from 34% to 70% (see
the upper panel of Fig. 5(a)). After around the reopening
period of five months, 44% of confinement measures was re-
operated to respond the second surge from early November
until the end of 2020 (Fig. 5(a)).
Calibration of underreporting in the first surge of
epidemic in Italy

However, the early period of reported cases in Italy might be
under-estimated. On the basis of the rate of disease pro-
gression from the mild respiratory disease to pneumonia
S52
(72.9%), from pneumonia to ARDS (16.2%), and from ADRS to
death (42.6%) derived from the early period of Italy from the
previous study as indicated in the method section,11 the
total expected frequencies of death would have 4652, which
was substantially fewer than the reported number of 10,023
by a factor of 0.46, implying the possibility of under-
reporting. We thus calibrated the proposed SEIR-type model
by using this factor. After the calibration, the case fatality
was reduced from around 20%e5% (Fig. 5(c)) and the re-
estimated extents of confinement measures was therefore
reduced from 34-70% to 22e69% (Fig. 5(b) and (d)).

Empirical results of Taiwan scenario
We applied the initial R0 of 5.07 in Wuhan, China to fit the
observational data of Taiwan. Before March 23, 2020, 44%



Figure 6 Empirical results of Isolation and quarantine of
COVID-19 epidemic curve in Taiwan.

Journal of the Formosan Medical Association 120 (2021) S46eS56
of isolation and quarantine was estimated during the early
phase and isolation and quarantine were scaled up to 90%
and 60% to contain the epidemic from March 24, 2020 on-
wards (Fig. 6).

Empirical results of vaccination in Israel
Nationwide mass vaccination campaign with 15% monthly
was conducted since December 19, 2920 in Israel.12 In order
to investigate whether the continuation of confinement
Figure 7 Empirical results of vaccination of COVID-19 ep
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measures are necessary or not after the roll out of vaccine,
we simulated the epidemic curve in Israel under different
extents of confinement measures with or without vaccina-
tion. Under the situation without vaccination, the daily
case peaked at nearly 764,475 if no confinement measures
was adopted, but they were expected to be reduced to
218,758 if current confinement measures continued (17%).
Under the situation with 15% vaccination rate per month,
the daily case peaked at 292,637 if no NPI was conducted,
but they were expected to be reduced to 50,732 while
current confinement measures continued (Fig. 7(a)).

Taking the circumstance without vaccination nor
confinement measures as the reference group, the efficacy
of confinement measures alone, vaccination alone, and the
combined vaccination with confinement measures in
reducing the infected cases were 36%, 56%, and 85%,
respectively (Fig. 7(b)).
Discussion

In the study, we demonstrated how the epidemic curves of
COVID-19 were re-shaped by three scenarios of different
NPIs from the period before pandemic, through pandemic
period without vaccination, and the pandemic period with
the roll-out of vaccine using three countries as illustrations,
idemic curve in Israel. (a) Epidemic curve. (b) Efficacy.
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Italy, Taiwan, and Israel. Using the simulated study design,
the theoretical epidemic curve of each scenario was first
simulated by using the SEIR model to represent the natural
spread of SRAS-COV-2 in the absence of NPIs. The differ-
ences of the peak of confirmed case and the whole duration
of the outbreak were modelled by comparing that of the
natural spread with those of interventions with various
extent of confinement measures, isolation, quarantine, in
combination with the roll-out of vaccine. The results of
three scenarios show that the NPIs such as confinement
measures, isolation and quarantine were key factors
responsible for the temporal changes in transmission rates
of the epidemic wave even if mass vaccination has been
initiated. The stricter the interventions were enforced, the
peak of active case number and the infected toll was
reduced while the whole period of the outbreak was pro-
longed. According to our simulation, the second epidemic
wave of Italy would have been contained if isolation and
quarantine had been adopted as seen in the pilot study13

conducted in Vò, a small town in Veneto, Italy, showing
that testing and identifying infected people for isolation
and tracking the contact history can stop the spread of
COVID-19 even though variant stain with B.1.1.7 emerged.
However, the second surge of pandemic was extended to
the entire Italy, the extents of confinement measures might
be different from region to region. The heterogeneity of
lockdown in Italy may not be well studied due to the limi-
tation of data acquisition on policies and socioeconomic in
different areas. In addition, based on the disease progres-
sion model, proposed by Hsu et al.,11 the reported cases in
the first surge might be under-estimated in Italy. The issue
of under-report of COVID-19 outbreak also has been
addressed by a comparison study of excess mortality
attributed to COVID-19.14

The lacking of community-acquired epidemic in Taiwan
was also attributed to very strict containment measures on
isolation and quarantine scaled up to 90% isolation or 70%
isolation in combination with 90% quarantine. Accordingly,
the epidemic has been contained effectively in Taiwan in
the presence of cluster infection derived from nosocomial
or household infections even though there were frequent
contacts between Taiwan and China on the grounds of
economics and business. In Israel, continuation of NPIs with
17% of confinement measures is recommended to facilitate
the epidemic control after the implementation of nation-
wide mass vaccination. In comparison with the situation
without any NPIs, the peak of daily case reported reduced
from approximately 218,758 to 50,732 while conducting
nationwide mass vaccination campaign.

Several NPIs implemented in face of emerging infectious
diseases worldwide. During 1918 flu pandemic, a lot of
public health measures were implemented for the contain-
ment of Spanish flu in U.S., including case isolation, closure
of schools and churches, ban on gathering and regulation of
face mask etc. However, the outbreak patterns were
significantly different across the United States cities. In
some cities, only one epidemic wave was observed, such as
Atlanta, Baltimore and Philadelphia etc., whereas at least
two epidemic waves were observed in other cities, including
New York, San Francisco and St. Louis etc. The death rates
among these cites considerably varied. This was because
rapid implementation of these interventions at an early
S54
phase brought more effectiveness on influenza preven-
tion.15 For example, in Philadelphia, the mayor ignored the
warning from infectious disease experts that flu virus had
invaded the community and still allowed the parade for
supporting World War I. In the followings 48e72 h, the
confirmed cases jumped around the Philadelphia regions
and the death toll was up to 16,000 within six months. In
contrast, within two days of the first few cases reported,
the officials of St. Louis promptly introduced measures like
isolation of the sick, case tracing and quarantine of the
people with contact history.16 Finally, the death rate of St.
Louis was only 50 per 100,000 persons, but this of Phila-
delphia was high as 250 per 100,000 persons. Such an
empirical evidence shows how and how rapid to implement
public health measures is important for containment of in-
fectious disease.

During March to July of 2003, the outbreak of severe
acute respiratory syndrome (SARS) spread from Taipei to
Kaohsiung in Taiwan. The epidemic caused 346 confirmed
cases and claimed 73 lives, including two young physicians
and five critical care nurses.17 In order to fight against SARS,
multifaceted containment measures were implemented,
including active surveillance of all inbound travelers,
exposed healthcare workers and contacts of patients,
quarantine, isolation and integrated nosocomial infection
control strategy.18,19,20 Taiwan spent only forty-six days to
be removed from the list of areas with recent local trans-
mission of SARS by the World Health Organization (WHO).21

Based on the previous anti-SARS experience, the govern-
ment of Taiwan took action against COVID-19 promptly.
News about the cluster of unexplained pneumonia in Wuhan
announced on PTT, the biggest one of bulletin board sys-
tems in Taiwan, sharpened the vigilance of medical officers
in Taiwan Centers for Disease Control and the government
of Taiwan initiated active surveillance for all travellers of
arriving flights from Wuhan since December 31, 2019.22

Otherwise, most Taiwanese people realized the impor-
tance of NPIs and kept social distancing indeed. In order to
stabilize the provision of face mask for everyone, the real-
name registration through the app was carried out by the
government since February 6, 2020. Moreover, the smart
contact tracing-based mobile sensor data via the mobile
geopositioning method was developed by the government
to identify potential contact persons rapidly and send
automated alert messaging for self-restriction promptly.23

As a result, the epidemic is contained effectively in
Taiwan with strong containments even though the
geographic location of Taiwan is close to China and the
airplane trafficking is frequent.

It should be noted that the implementation of NPIs would
not only alter the natural spread but also affect the medical
capacity of accommodating COVID-19 epidemic. The human-
to-human transmission of COVID-19 is airborne route.24

Rapid identification and isolation of the sick followed by
quarantining the contacts could effectively reduce the
interaction between the healthy people and the potential
spreaders. The direct consequence would slow the trans-
mission rate of the virus, which was reflected by the change
of reproductive number and the epidemic curve.25

Our study indicates that in the outbreak of COVID-19
under different scenarios, case isolation and contact
tracing with quarantine can reduce the overall size of the
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outbreak and make it controlled over a longer period. In the
circumstance, people still get infected but at a rate that
health care system can catch up with. Nevertheless,
isolation and quarantine alone is not sufficient to control
the outbreak because asymptomatic proportion of COVID-
19 is relatively high and complete quarantine is impossible
in the real-world scenario.25,26,27 Although 44% of confine-
ment measures were estimated to be achieved during the
second epidemic wave of Italy, the extents of NPIs was so
insufficient that the predicted cumulative case number will
incessantly increase until August, 2021. As a result, further
mitigation measures, including enhancing public aware-
ness,28 assessing the capacity of health care system from
primary to tertiary level,29 the integration of services in the
health system and across other associated sectors,30 and
the establishment of therapeutic and triage strategies,
should be taken action promptly.

Policy-makers must have trade-offs between infection
control and standard medical principles, and adapt the stra-
tegies immediately while more information and resources are
available. Furthermore, the development of rapid test to
accommodate more screening and vaccine as preventive
measures could be taken into consideration.31,32 Our study
also demonstrated that NPIs should be continued before herd
immunity achieved through vaccination and natural spread.

However, isolation and quarantine are serious public
health concerns for the elderly due to high risk of cardio-
vascular, neurocognitive and mental health problems. Even
though necessary supplies and medications are provided,
social disconnection puts the elderly at risk of anxiety,
anger, confusion, depression and post-traumatic stress
symptoms.32 The elderly population are the most vulner-
able to COVID-19 infection and they often suffer from more
complications and higher case-fatality rate than the young-
and middle-aged groups.4,33 In many countries affected by
COVID-19, a large number of old people are in isolation or
quarantine, in order to protect over-burden health care
system.34 Social support via online technologies, telephone
contacts and community outreach projects can minimize
affective disorders and improved mental wellbeings.35,36

On the other hand, health officials should declare clear
rationale of isolation and quarantine, and give information
about protocol.37

The strength of the study is to demonstrate and quantify
the impacts of confinement measures, isolation and quar-
antine even the roll-out of vaccination on the spread of
COVID-19 across the overall population by using a mathe-
matical model. This provides strong evidence on the
importance of NPIs for COVID-19 prevention. The model
also gives a clue for health policy-makers to the timing of
lifting that is pivotal in averting subsequent waves of a
COVID-19 epidemic.

However, several weaknesses are inevitable. First, quar-
antine at home may give a way to speed the household
transmission and increase the probability of household
cases.38 Nevertheless, clustering events of household are not
taken into account in our model but has been modelled in
the accompanying article of this special issue.39 Second, the
model cannot capture heterogeneity in contacts under
different situations, such as super spreaders, nosocomial
infection or long-term care facilities. Third, the epidemio-
logical characteristics of COVID-19 remain uncertain in terms
S55
of incubation period, the proportion of asymptomatic cases
and the variation of the time needed to be recovery. In case
more and more studies are available, more precise infor-
mation can be extracted for further analysis.

In conclusion, NPIs such as confinement measures,
isolation and quarantine can delay the spread of COVID-19
so that new cases would not be propagated in a short
period, but may be prolonged through the longer course.
Then, health care system can reorient resources to provide
mitigation strategies such social distancing and personal
protection such as facial masks and hand-washing in order
to contain community-acquired epidemic. Even though
vaccination has been initiated, the NPIs should be
continued to accelerate the containment of the epidemic.
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