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IMPORTANCE Taiwan is one of the few countries with initial success in COVID-19 control

. . ) ) Supplemental content
without strict lockdown or school closure. The reasons remain to be fully elucidated.

OBJECTIVE To compare and evaluate the effectiveness of case-based (including contact
tracing and quarantine) and population-based (including social distancing and facial masking)
interventions for COVID-19 in Taiwan.

DESIGN, SETTING, AND PARTICIPANTS This comparative effectiveness study used a stochastic
branching process model using COVID-19 epidemic data from Taiwan, an island nation of 23.6
million people, with no locally acquired cases of COVID-19 reported for 253 days between
April and December 2020.

MAIN OUTCOMES AND MEASURES Effective reproduction number of COVID-19 cases (the
number of secondary cases generated by 1primary case) and the probability of outbreak
extinction (O new cases within 20 generations). For model development and calibration, an
estimation of the incubation period (interval from exposure to symptom onset), serial interval
(time between symptom onset in an infector-infectee pair), and the statistical distribution of
the number of any subsequent infections generated by 1 primary case was calculated.

RESULTS This study analyzed data from 158 confirmed COVID-19 cases (median age, 45 years;
interquartile range, 25-55 years; 84 men [53%]). An estimated 55% (95% credible interval
[Crl], 41%-68%) of transmission events occurred during the presymptomatic stage. In our
estimated analysis, case detection, contact tracing, and 14-day quarantine of close contacts
(regardless of symptoms) was estimated to decrease the reproduction number from the
counterfactual value of 2.50 to 1.53 (95% Crl, 1.50-1.57), which would not be sufficient for
epidemic control, which requires a value of less than 1. In our estimated analysis, voluntary
population-based interventions, if used alone, were estimated to have reduced the
reproduction number to 1.30 (95% Crl, 1.03-1.58). Combined case-based and
population-based interventions were estimated to reduce the reproduction number to below
unity (0.85; 95% Crl, 0.78-0.89). Results were similar for additional analyses with influenza
data and sensitivity analyses.

CONCLUSIONS AND RELEVANCE In this comparative effectiveness research study, the
combination of case-based and population-based interventions (with wide adherence) may
explain the success of COVID-19 control in Taiwan in 2020. Either category of interventions
alone would have been insufficient, even in a country with an effective public health system
and comprehensive contact tracing program. Mitigating the COVID-19 pandemic requires the
collaborative effort of public health professionals and the general public.
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uring the COVID-19 pandemic, some countries success-
fully contained the first wave of the outbreak with strong
nonpharmaceutical interventions, such as strict lock-
downsand border closures.” Taiwan, anisland nation of 23.6 mil-
lion people, was initially considered a high-risk country for COVID-
19, given its close geographic and economic relationships with
China. Nevertheless, almost 1 year after the outbreak, Taiwan had
one of the lowest per capita incidence and mortality rates of
COVID-19in the world. During a 253-day period from early April
until December 2020, no cases originating in Taiwan were
confirmed.® As of February 28, 2021, there had been 955 con-
firmed cases of COVID-19 in Taiwan, of which only 77 (8.1%) were
locally acquired. Notably, the containment of COVID-19 was
achieved without strict lockdown or school closure.®
To prevent the health care system from being overwhelmed,
Taiwan implemented a “containment-as-mitigation,” or elimina-
tion, strategy.®!'°" This approach included border control, case-
based interventions for COVID-19 patients, and population-based
measures for the general public.>'? Border control was an essen-
tial tool to buy time for better preparation and limit the number
of imported cases from other countries. This was accompanied
by interventions to contain local transmissions that resulted from
importation events. The case-based interventions included case
detection and isolation through sensitive surveillance systems,
contact tracing of confirmed cases to facilitate early detection of
secondary cases among close contacts, and 14-day quarantine of
close contacts (regardless of symptoms). The population-based
measures included use of face masks, personal hygiene, and
physical distancing.®!* Although most population-based mea-
sures were recommended by the Central Epidemic Command
Center during the early phase of the epidemic, some became com-
pulsory as the pandemicand local epidemic developed (eg, man-
datory face mask use on public transportations after April 2020).°
Despite Taiwan’s initial success against COVID-19, it re-
mains unclear which interventions contributed substantially
to containment, as the various measures were implemented
simultaneously from the beginning of the pandemic. Al-
though vaccination programs are being rapidly implemented
in many countries, a better understanding of the potential ef-
fects of nonpharmaceutical interventions and optimizing their
use in different settings is essential before herd immunity is
achieved.>* Several modeling studies have examined the ef-
fectiveness of case-based or population-based interventions.
However, most studies simulated hypothetical scenarios with-
out empirical links to specific real-world settings and pri-
mary data.'*'® We combined transmission modeling and de-
tailed epidemiologic and contact tracing data to estimate the
effectiveness of different COVID-19 interventions in Taiwan.
Our analysis focused on local transmission after the introduc-
tion of imported cases, not on border control.

Methods

Study Design

We sought to quantify the effects of case-based and population-
based interventions by estimating the effective reproduction
number (the number of secondary cases generated by one pri-
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Key Points

Question What are the explanations for the initial success of
COVID-19 control in Taiwan, a country that has one of the lowest
per capita incidence and mortality rates in the world?

Findings In this comparative effectiveness research study that
used detailed epidemiologic and contact tracing data, neither
case-based interventions (including contact tracing and
quarantine) or population-based interventions (including social
distancing and facial masking) alone were estimated to have been
sufficient to contain COVID-19. The combination of case-based and
population-based interventions was needed.

Meaning The combination of case-based interventions with
population-based interventions with wide adherence may explain
the success of COVID-19 control in Taiwan.

mary case) under case-based interventions (R_c), population-
based interventions (R_p), and both (R_pc). The conceptual
framework is depicted in eFigure 1in the Supplement. Apply-
inga calibrated transmission model that incorporated the natu-
ral history of COVID-19 and the process of care seeking, isola-
tion, and quarantine based on case data, we first estimated the
effective reproduction number R_c when the input basic re-
production number (R, without any interventions) ranged be-
tween 2 and 3. Second, we reran the transmission model sepa-
rately and fit the model to the cluster size of transmission
chains of COVID-19 cases in Taiwan to jointly estimate R_p and
R_pc. Details are described later in the article and in the
eMethods in the Supplement. The study data were collected
as part of the outbreak response and surveillance by the pro-
nouncement of the Central Epidemic Control Center, which was
established in accordance with Article 17 of the Communi-
cable Disease Control Actin Taiwan.!® The Taiwan Centers for
Disease Control (CDC) approved the study and waived insti-
tutional review board approval and informed consent, and all
data were deidentified before analysis.

Data

Case series data of SARS-CoV-2 infections in Taiwan were col-
lected from the official website of Taiwan CDC2° and re-
viewed by Taiwan CDC officers to clarify missing informa-
tion. All cases were confirmed by reverse transcription-
polymerase chain reaction testing.® Cases were isolated
immediately after being notified to the Taiwan CDC. We ana-
lyzed the epidemiological and contact tracing data to charac-
terize the transmission dynamics of COVID-19.?! Starting on
March 21, 2020, all inbound passengers (citizens and eligible
noncitizens) to Taiwan were required to undergo a 14-day quar-
antine on entry; nearly all confirmed cases after this date and
before February 28, 2021 (742 of 786 cases [94.4%]) were im-
ported and were mostly diagnosed during or soon after the
quarantine.®° Therefore, we included locally acquired cases,
epidemiologically confirmed clusters, and imported cases in
people who entered Taiwan before March 21, 2020, in the
analysis of case series data. We excluded people who were re-
turning to Taiwan and tested at the airport or who received a
diagnosis during home quarantine.
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Table. Parameters for the Branching Process Model

Fixed parameter Point estimate

Range for 1-way

sensitivity analysis Source/notes

Incubation period, mean (SD), d 5.50 (3.26)
Onset-to-isolation interval, mean (SD), d 5.02 (5.80)
Basic reproduction No. (Ry) 2.5
Probability of being asymptomatic 0.4
Relative transmissibility of asymptomatic case 0.5
Probability of case detection 0.95
Probability of contact ascertainment 0.9
Duration of quarantine, d 14
Backtracking days for quarantined contacts, d 4

Fitted parameter Prior

Uniform (0.01 to 0.99)
Uniform (0.001 to 5)

Probability of presymptomatic transmission

Standard deviation of the generation interval, d

1.06t0 13.45 Estimated directly from data, gamma distributed
(eMethods in the Supplement)

-0.81t020.51

2.0t03.0 Extracted from literature”-22-24

0.20to 0.60

Otol

0.75to0 1 Assumed based on local data and previous reports®*2

0.75to0 1 Assumed based on local data and previous reports®*2

Local policy

Posterior estimate
(95% Crl)

0.55 (0.41 t0 0.68)
2.70(1.88 0 3.76)

Fitted to the observed serial interval
(eMethods and eFigure 3 in the Supplement)

Abbreviation: Crl, credible interval.

Transmission Model

We adapted the stochastic branching process model devel-
oped by Hellewell et al'” to explicitly incorporate case-based
interventions. The model generated transmission trees by
drawing the number of secondary cases for each primary
case based on the statistical distribution of the reproduction
number. For each expected pair of primary-secondary cases,
the incubation period, onset-to-isolation interval, and gen-
eration interval (time between infection events in an
infector-infectee pair) were determined by statistical sam-
pling from the estimated distributions. Transmission would
occur if the sampled generation interval was outside the
isolation or quarantine period of the primary case, whereas
transmission would be prevented if the sample generation
interval was inside the isolation or quarantine period (eFig-
ure 2 in the Supplement). Per current policy in Taiwan, we
assumed in this model that testing and isolation occurred at
the same time.'?-?! Parameter values of the transmission
model were estimated from empirical case data or extracted
based on literature review (Table”-8-12-22-24) We assumed
that 40% of incident cases were asymptomatic and were
50% less transmissible than symptomatic cases.?*?> Pre-
symptomatic infection was assumed to be as transmissible
as symptomatic infection.?! The proportion of presympto-
matic transmission and the standard deviation of the gen-
eration interval were estimated by fitting the transmission
model to the observed serial intervals (time between symp-
tom onset in an infector-infectee pair) using the Sequential
Monte Carlo algorithm.!>2® A 1-way sensitivity analysis was
conducted to evaluate the association of parameter values
with the projected R_c (see eMethods and eTables 1-2 in the
Supplement for details of the transmission model).

Estimating the Effectiveness of Case-Based

and Population-Based Interventions

We estimated the effectiveness of case-based interventions
using the calibrated transmission model. The input repro-
duction number of the transmission model (eFigure 1 in the
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Supplement), the counterfactual R, (the hypothetical repro-
duction number without interventions), was assumed to be
2.50 (range, 2-3), which was similar to the estimated R in
Hong Kong at the beginning of its outbreak and consistent
with the previously estimated R, values.”?>2% The effective
reproduction numbers under 5 scenarios of case-based
interventions were considered (eTable 3 in the Supple-
ment): (1) no case-based interventions; (2) case detection
and isolation; (3) case detection and isolation, and contact
tracing to detect and isolate secondary cases; (4) case detec-
tion and isolation, contact tracing, and 7-day quarantine for
contacts regardless of symptoms; and (5) case detection and
isolation, contact tracing, and 14-day quarantine (current
policy). The primary indicator was the mean effective repro-
duction number, along with the probability of outbreak
extinction, which was defined as O new cases within 20
generations.

The effective reproduction numbers R_p and R_pc were
estimated by fitting the transmission model to the observed
size of transmission clusters in Taiwan (eFigure 1 in the
Supplement). We reran the calibrated transmission model,
setting the input reproduction number to an unknown
parameter R_p (assuming a wide uniform distribution) to
represent the scenario in which population-based interven-
tions were already in place. The corresponding output
reproduction number from this model (incorporating case-
based interventions) would be R_pc, representing the sce-
nario of joint case-based and population-based interven-
tions (the actual situation in Taiwan). Using the Sequential
Monte Carlo algorithm, the transmission model was fit to
the size distribution of the self-limited transmission chains
that were observed in Taiwan to estimate the prior param-
eter R_p and the model output R_pc.

Additional Analyses for R_p and R_pc

We conducted additional analyses on R_p and R_pc using
different methods and sources of information to cross-
check the estimates from the transmission model. First, we
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Figure 1. Epidemiological Characteristics and Parameters of the COVID-19 Cases in Taiwan From January 10 to June 1, 2020
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A, The epidemic curve, number of diagnostic tests by day, and the time-varying
reproduction number. The blue line and the light blue shading represent the
point estimate and 95% confidence interval of time-varying reproduction
number of COVID-19. B, Distribution of the incubation period, serial interval,
and onset-to-isolation interval. The points and the intervals represent the mean
estimates and the 2.5 and 97.5 percentiles of the estimated distribution. The

shaded areas represent the mean estimation of the interval distribution. C,
Distribution of the onset-to-isolation interval by onset date. The central lines
indicate the median, boxes indicate interquartile ranges, whiskers indicate the
upper and lower adjacent values (within 1.5-fold of the interquartile range), and
isolated points indicate outliers.

estimated the time-varying reproduction number (Rt) of
seasonal influenza before and after the COVID-19 outbreak,
because the population-based interventions would likely
have an association with other respiratory infections
(eMethods in the Supplement).”2” The Rt of influenza was
estimated using the time-series data of influenza cases
with severe complications (a notifiable condition in
Taiwan), the frequency of consulting physicians about
influenza-like illness, and the proportion of influenza-
positive specimens among the samples of patients with
respiratory infection.?®-?° Second, we analytically estimated
the effective R_pc using the observed size of transmission
clusters.?° The point estimate of R_pc was estimated using
the formula R=1-1/m, in which m was the average size of
clusters, and the 95% CI of R_pc was estimated using boot-
strapping. All statistical analyses were conducted in R, ver-
sion 3.6.3, and RStan, version 2.19.3 (R Foundation).
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Results

Epidemiology and Transmission Dynamics

of COVID-19 in Taiwan

The COVID-19 epidemic in Taiwan started with a few im-
ported cases from China, followed by nonsustained local trans-
mission during January and February 2020 (Figure 1A). In
March, a surge of imported cases, mainly from North America
and Europe, was followed by sporadic local transmission. The
criteria of notification and testing were gradually expanded,
with an overall positive test rate of 0.61% (Figure 1A).1° Case
series data from 158 confirmed COVID-19 cases (median age,
45 years; interquartile range, 25-55 years; 84 men [53%]) were
analyzed to estimate the incubation period, onset-to-
isolation interval, and serial interval. The estimated mean in-
cubation period and mean serial interval were 5.50 (95% cred-
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Figure 2. Effective Reproduction Number (R_c) of COVID-19 Cases Under Different Combination

of Case-Based Interventions Based on the Fitted Transmission Model
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ible interval [CrI], 1.06-13.45) and 5.86 (95% Cr1, -0.64 to 21.51)
days, respectively (Figure 1B). The mean onset-to-isolation in-
terval was 5.02 (95% CrI, -0.81 to 20.51) days, with a decreas-
ing trend over time (Figure 1C). By fitting the transmission
model to the observed serial intervals, we estimated that 55%
(95% Crl, 41%-68%) of transmission events occurred during
the presymptomatic stage.

Effectiveness of Case-Based Interventions

Using the fitted transmission model, we found that the com-
bination of case detection, contact tracing, and 14-day quar-
antine of close contacts (regardless of symptoms) could lower
the R_c from the counterfactual value of 2.50 (Ry) t0 1.53 (95%
Crl, 1.50-1.57), or a 39% reduction (Figure 2A). With 100 ini-
tial cases introduced to the community (ie, cases escaping the
attention of border control), the estimated probability of epi-
demic extinction was 0% (95% CrI, 0%-0%). In the 1-way sen-
sitivity analysis, the most significant parameter for R_c was the
onset-to-isolation interval, followed by the incubation pe-
riod, the counterfactual Ry, and the relative transmissibility
of asymptomatic cases (eFigure 3 in the Supplement). Nota-
bly, the projected R_c would always be more than 1 when the
input counterfactual R, was set at 2 to 3. Among different case-
based interventions, quarantine of contacts contributed the
most to the reduction of R_c (Figure 2A). Case-based interven-
tions could not substantially prevent the secondary transmis-
sion of cases, but could still reduce tertiary transmissions that
resulted from secondary cases and quaternary transmissions
from tertiary cases if the close contacts could be quarantined
(Figure 2B). We found that reducing the duration of quaran-
tine from 14 days to 7 days would only slightly increase the R_c
from 1.53 (95% CrI, 1.50-1.57) to 1.61 (95% CrI, 1.57-1.65)
(Figure 2A).

Effectiveness of Population-Based Interventions

After rerunning and fitting the transmission model to the ob-
served size distribution of transmission clusters in Taiwan
(eFigures 4-5 in the Supplement), we estimated that the R p
was 1.30 (95% Crl, 1.03-1.58), suggesting a 35%, 48%, and 57%
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reduction if the counterfactual R, was 2.00, 2.50, and 3.00,
respectively. We then compared the level of reduction from R,
to R_p with the reduction of time-varying reproduction num-
ber Rt of influenza before and after the COVID-19 epidemic.
An early and sustained decline of influenza cases was found
during the 2019 to 2020 season compared with the 2017 to 2018
and 2018 to 2019 seasons (Figure 3A; eTable 4 in the Supple-
ment). The estimated Rt based on severe influenza in 2020
dropped from 0.87 on January 21, 2020 (when the first case
COVID-19 was reported), to 0.27 1 month later, corresponding
with a 69% decline. The analysis of estimated influenza of any
severity showed a similar pattern, with a 47% Rt reduction from
1.07 on January 21, 2020, to 0.57 after January 21 (Figure 3B).

Effectiveness of Joint Case-Based and Population-Based
Interventions and Epidemic Projections

After fitting the transmission model to the size distribution of
transmission clusters observed in Taiwan, the R_pc was esti-
mated tobe 0.85 (95% Crl, 0.78-0.89), while the R_pc that was
estimated analytically from the average size of clusters was 0.62
(95% Crl, 0.45-0.72). We then projected the epidemic curve
with 100 initial cases under different scenarios using the fit-
ted model (Ry, 2.50; R ¢, 1.53; R_p, 1.30; R_pc, 0.85). Under the
scenarios examined, we found that although case-based in-
terventions and population-based interventions could each
partially suppress the epidemic, exponential growth would
continue if either category of interventions was used alone. By
day 60, the daily number of new cases would rise to 37 631 (95%
Crl, 29 586-46 285) and 481 (95% Cr1, 320-736) for case-based
and population-based interventions, respectively (Figure 4A).
In contrast, combining case-based and population-based in-
terventions would contain the epidemic; by day 60, the daily
number of new cases would be 1.7 (95% CrI, 0.3-6.7) with the
combined interventions (Figure 4A). By day 84 (95% CrI,
51-137), the daily number of new cases would be 0.

To understand how case-based and population-based in-
terventions could work together, we estimated the probabil-
ity of successful COVID-19 containment in Taiwan when case-
based interventions were combined with different levels of

JAMA Internal Medicine July 2021 Volume 181, Number 7
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Figure 3. Incidence and Time-Varying Reproduction Number of Influenza in Taiwan, 2018 to 2020
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population-based interventions (expressed as different val-
ues of R_p) under different numbers of initial introductions of
COVID-19 cases (Figure 4B). When the number of initial infec-
tions was set at 100, R_p had to remain below 1.2 to achieve
an extinction probability of at least 90%. If R_p was greater than
2.0, it would be impossible for the combined interventions to
contain the outbreak (extinction probability: O) even when the
number of circulating infections was small.

|
Discussion

Using a flexible modeling approach that incorporated mul-
tiple sources of primary data about COVID-19, we examined
the effectiveness of case-based and population-based inter-
ventions in Taiwan by estimating the degree to which repro-
duction numbers for SARS-CoV-2 were reduced. We found that
case-based interventions alone were insufficient to contain the
epidemic, even in a country where the public health and health
care systems were not overwhelmed and an efficient contact
tracing program was in place. We also found that population-
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based interventions reduced the reproduction numbers for
COVID-19 by nearly 50% and played an important role in con-
tainment. Nonetheless, only the combination of case-based and
population-based interventions was sufficiently powerful to
end the epidemic in Taiwan.

Previous modeling studies suggested the effectiveness of
contact tracing with corresponding management (either quar-
antine or active monitoring) in settings and countries with well-
functioning public health systems, such as Taiwan.>*” How-
ever, our findings suggest that even in a well-prepared setting,
contact tracing alone would fail to eliminate a COVID-19 epi-
demic if multiple introductions of the virus were likely. This
discrepancy is driven primarily by the growing understand-
ing of the role of presymptomatic transmission (nearly half of
the transmission events might occur before an individual had
symptoms) and the challenges for shortening the delay from
the onset of symptoms to isolation of the individual with
infection.® The effectiveness of contact tracing depends on the
timeliness of case detection and quarantine for high-risk
contacts.'®!® According to our analysis of local data, the mean
onset-to-isolation interval was about 5 days in Taiwan. This
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Figure 4. Projections on Epidemic Trajectory and Probability of Epidemic Extinction Under Joint Case-Based and Population-Based Interventions
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reduction in background input basic reproduction number (R,) by
population-based interventions (R, 2.5; R_p, 1.3). The uncertainty intervals

were calculated by the 2.5th and 97.5th percentiles from 1000 replicate
simulations. B, The probability of epidemic extinction using case-based
interventions (detection, contact tracing, and 14-day quarantine of close
contacts) under different levels of population-based interventions (R_p) and
initial numbers of introductions. Each cell presents the estimated probability of
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relatively long delay compared with the short serial interval
(time between symptom onset in an infector-infectee pair) sug-
gested that the virus had likely already been transmitted by
the time of case notification and isolation. In our model, we
assumed that testing and isolation occurred at the same time
because it was the policy in Taiwan. However, in other set-
tings, there are likely to be delays between testing, obtaining
test results, and isolation; thus, the effects of case-based in-
terventions would likely be further diminished.!®32-33 Qur find-
ings suggest that case-based interventions against COVID-19
should always be implemented along with effective population-
based interventions, even in settings in which the case-based
interventions are comprehensive. Moreover, our model found
similar results for 7-day and 14-day quarantine of close con-
tacts, suggesting that the quarantine period could be short-
ened and the burden on the public health system reduced. As
of March 2021, several countries had implemented (ie, Singa-
pore) or were considering (ie, the US and Thailand) a shorter
quarantine period.34-3¢

We found that population-based interventions likely played
an important role in the COVID-19 containment efforts in Tai-
wan. A meta-analysis of 172 observational studies in health care
and non-health care settings found that physical distancing,
face mask use, and eye protection were significantly associ-
ated with reduced COVID-19 transmission at the individual
level.>” Empirical evidence about the population-level ef-
fects of behavioral changes has been limited. Most prior stud-
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ies evaluated the change of time-varying reproduction num-
ber Rt as interventions were being implemented. In these
studies, other concurrent interventions, including lockdown
or contact tracing, were also in place, making it difficult to iden-
tify the independent effects of behavioral changes.?” None-
theless, the persistent high burden of COVID-19 in countries
with lower influenza activity in 2020 (such as the US, Austra-
lia, Chile, and South Africa) suggest that population-based in-
terventions alone might not be sufficient to contain the
epidemic.3®

Our study provides a framework to consider the role of dif-
ferent sets of nonpharmaceutical interventions at different
stages of the COVID-19 pandemic and in different settings. Bor-
der control may be an option to limit the epidemic at the early
stage by reducing the number of introductions, especially in
island nations like Taiwan and New Zealand.®° However, the
effects of border closings could be quickly diminished when
the number of introductions increases and the probability of
local transmission increases correspondingly.>®4° When lo-
cal transmission of SARS-CoV-2 occurs but the total number
of cases remains low, our analysis suggests that elimination can
still be achieved through the combination of intensive case-
based and population-based interventions.

As the pandemic has evolved into widespread transmis-
sion (such as in the US and Europe), intensified contact trac-
ing becomes logistically difficult; it is not sustainable when the
public health system is overwhelmed. In this case, the effec-
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tiveness of conventional case-based interventions would be
limited. A potential alternative is digital contact tracing through
an electronic exposure notification system.*! As a result of sub-
stantial presymptomatic and asymptomatic transmission, are-
cent modeling study by the US Centers for Disease Control and
Prevention found that identifying and isolating persons with
symptomatic COVID-19 alone would prevent less than 50% of
new infections.*? The US Centers for Disease Control and Pre-
vention concluded that population-based measures and stra-
tegic testing of people without symptoms was essential for sup-
pressing the pandemic before universal availability of vaccines.
The US findings and our results suggest that in settings with
generalized COVID-19 epidemics, priority should be given to
population-based interventions over case-based and symptom-
based strategies, and the intensity of population-based inter-
ventions should be increased to compensate for the de-
creased efficiency of case-based interventions. Nonetheless,
maintaining behavioral changes, such as physical distancing
and facial masking, can be challenging. “Pandemic fatigue”
may lead to decreasing effects of population-based
interventions.*>*#* Finally, although the successful contain-
ment of the pandemic in Taiwan may not be replicated in coun-
tries with higher levels of transmission, our analysis suggests
that it may still be possible to achieve suppression within these
countries in specific settings where epidemic control efforts
can be focused and intensified (eg, professional sports leagues
and essential workplaces).**

Limitations

Our study has limitations. First, as with all modeling studies, our
results may be affected by the assumptions and input parameter
values. Detailed case series data from contact tracing were used
to inform the parameters and calibration; multiple sensitivity
analyses explored the associations of varying the modeling as-

Estimated Effectiveness of Case-Based and Population-Based Interventions on COVID-19 Containment

sumptions with the conclusions. Second, the analysis was con-
ducted in Taiwan, an island nation with the ability to control new
case introductions through border control; therefore, our
findings may not be generalizable to other settings. This is the
reason that we focused on the effectiveness of case-based and
population-based interventions on local transmission (instead of
border control on the number of introductions). Third, we could
not directly estimate the counterfactual R, (ie, the hypothetical
reproduction number without interventions) because most
interventions were triggered quickly when COVID-19 was
introduced.®° Nonetheless, our main conclusions were robust
within the range of commonly reported R, values of 2 to 3.7:23-24
Fourth, the analysis of cluster-size distribution relied on assum-
ing complete information about all clusters. If small clusters (in-
cludingisolated cases without further transmission) were more
likely to be missed by surveillance and contact tracing, the esti-
mated R_pc would have been lower, and the effects of population-
based intervention would have been greater.

. |
Conclusions

This analysis suggests that population-based interventions are
essential for controlling local transmission of SARS-CoV-2, even
in settings with comprehensive contact tracing programs and
effective public health systems. The combination of case-
based interventions with population-based interventions with
wide adherence may have led to successful COVID-19 control
in Taiwan. Although vaccinations programs are ramping up to-
ward widespread availability and coverage, the full benefits
will only be realized over time. The experience in Taiwan sug-
gests that mitigating the severity of the pandemic requires the
collaborative effort of public health professionals and the gen-
eral public.
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