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Abstract: Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), has rapidly spread across the globe. The variant of concern (VOC)
202012/01 (B.1.1.7, also known as the alpha variant) bearing the N501Y mutation emerged in late
2020. VOC 202012/01 was more transmissible than existing SARS-CoV-2 variants and swiftly became
dominant in many regions. More than 150 cases of VOC 202012/01 were reported in Japan by 26
February 2021. During the very early stage of introduction, only a subset arose from domestic
transmission. If the reproduction number R (i.e., the average number of secondary transmission events
caused by a single primary case) is greater than 1, the corresponding proportion should converge to 1
in a short period of time, and thus it is critical to understand the transmissibility of VOC 202012/01
based on travel history information. The present study aimed to estimate R of VOC 202012/01 using
overseas travel history information. A mathematical model was developed to capture the relationship
between travel history and R. We obtained travel history data for each confirmed case of VOC
202012/01 infection from 26 December 2020 to 26 February 2021. Maximum likelihood estimation
was used to estimate R, accounting for right censoring during real-time estimation. In the baseline
scenario, R was estimated at 2.11 (95% confidence interval: 1.63, 2.94). By 26 February 2021, an
average of nine generations had elapsed since the first imported case. If the generation time of VOC
202012/01 was assumed to be longer, R was increased, consistent with estimates of R from case data.
The estimated R of VOC 202012/01 in Japan exceeded 1 on 26 February 2021, suggesting that
domestic transmission events caused a major epidemic. Moreover, because our estimate of R was
dependent on generation time and ascertainment biases, continuous monitoring of contact tracing data
is crucial to decipher the mechanisms of increased VOC 202012/01 transmissibility.
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1. Introduction

The emergence of new variants of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-
2), the causative agent of coronavirus disease (COVID-19), has affected many industrialized countries
that are already struggling to control the infection. The variant of concern (VOC) 202012/01, also
known as the alpha variant (lineage B1.1.7), has received special attention since the end of 2020, when
it began to rapidly replace preexisting variants and eventually dominated in many European countries
and the United States [1-4]. SARS-CoV-2 causes acute infection of the upper and/or lower respiratory
tracts [5]. The basic reproduction number of SARS-CoV-2 (typically defined as the average number
of secondary cases generated by a single primary case in a fully susceptible population) was estimated
to range from 1.5 to 3.5 based on analyses conducted during the early phase of the pandemic [6,7].
Because secondary transmission of COVID-19 generally occurs through clustering of cases in close
contact settings, public health and social measures (PHSMs) have been implemented to halt chains of
transmission [8]. Although the delta variant (B.1.617.2) has already replaced the alpha variant around
the world, the introduction of SARS-CoV-2 VOC 202012/01 was remarkable and led to
implementation of a concerted series of stricter PHSMs. Some studies suggested that the
transmissibility of SARS-CoV-2 VOC 202012/01 is at least 50% higher compared with that of
previously circulating variants [9—11]. In addition, infections caused by the alpha variant were at least
50% more lethal than non-VOC 202012/01 infections [12—14].

In Japan, the first cases of VOC 202012/01 were detected in quarantine and not in a local health
facility on 26 December. Following the initial detection, more than 150 VOC 202012/01 cases had
occurred as of 26 February 2021 (Figure 1). Because of increasing concerns regarding the surge of
V0OC202012/01 incidence, Japan intensified capacity for sequencing virus samples to detect the
N501Y mutation in each prefecture. Moreover, the government required all incoming travelers to
submit proof of a negative test result from throat swab samples starting on 13 January 2021 [15].
Despite these efforts, the number of confirmed domestic VOC 202012/01 cases gradually increased
starting at the end of January 2021. There is a need for reliable methods to estimate the transmissibility
of the SARS-CoV-2 alpha variant in Japan.

The number of confirmed imported cases of VOC 202012/01 reflects only a proportion of infected
individuals. Thus, it is necessary to devise an estimation method that does not rely solely on counts of
confirmed cases. Published studies have explored the transmission potential of zoonotic influenza virus
using data on contact history with animals [16,17], offering key insights into the handling of travel
history data for each confirmed case. The present study aimed to develop a method to estimate the
reproduction number for domestic transmission of SARS-CoV-2 VOC 202012/01 in real-time using
data from confirmed imported and domestic cases.
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Figure 1. Daily number of confirmed SARS-CoV-2 alpha variant infections in Japan.
Daily numbers of confirmed imported and domestic cases of COVID-19 caused by VOC
202012/01 in Japan are shown. Cases detected in airport quarantine station were excluded.
All cases are plotted according to the date of symptom onset back projected from the
empirical data. The vertical dashed line shows the date on which mandatory submission of
test-negative document was introduced as part of quarantine measures13 January 2021 in
Japan. SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; COVID-19,
coronavirus disease 2019; VOC, variant of concern.

2. Materials and methods

2.1. Epidemiological data

To estimate the transmissibility of VOC 202012/01, we used data on cases of SARS-CoV-2 alpha
variant (N501Y mutation) confirmed by reverse transcription polymerase chain reaction from 26
December 2020 to 26 February 2021 in Japan. Cases were detected in airports or during quarantine; in
addition, more than 40% of confirmed COVID-19 cases were screened for the N501Y mutation [18]
and the testing results are publicly available on the website of the Ministry of Health, Labour and
Welfare (MHLW) of Japan [19]. To explore the transmissibility of domestic cases of SARS-CoV-2
VOC 202012/01, cases of VOC 202012/01 identified in quarantine (i.e., at airports) were excluded
from the analysis; these cases were placed under strict observation and no chains of transmission
emerged. In this study, an imported case of VOC 202012/01 was defined as an individual with
confirmed VOC 202012/01 infection who had a history of overseas travel within 7 days prior to
symptom onset. A domestic case of VOC 202012/01 was defined as an individual who had no history
of overseas travel within 7 days prior to symptom onset. Cases detected in airport quarantine station
were excluded, because their movement was restricted upon diagnosis and it is thus very hard for them
to contribute to domestic spread of infection.
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2.2. Mathematical model

To calculate the reproduction number for domestic transmission of VOC 202012/01 in Japan, a
simplistic model was developed. For this purpose, here we define domestic transmission as the
transmission that takes place within Japan, regardless of primary case being imported or domestically
acquired infection. If the domestic transmission leads to a substantial number of secondary cases and
subsequent generations, the series of transmission implies that the reproduction number R>1 and the
proportion of domestic cases out of all cases would of course increase. Let R and n represent the
reproduction number of the alpha variant and the number of generations caused by an imported case,
respectively. Because infections occur in geometric series, the cumulative number of cases by

1_R7’1+1 .
— [16,17]. If R«1 and n is large,

generation n caused by a single imported case is calculated as

the cumulative number of cases converges to 1/(1-R). Out of 1/(1-R), only 1 case was the imported
case. Thus, the proportion of imported cases out of total cases is calculated as (1-R).

To estimate the reproduction number in real-time without using the abovementioned convergence
result, we need to account for multiple primary cases (i.e., multiple imported cases w) as well as the
time delay of the number of generations of transmission that have elapsed since the previous imported
case. Let the probability mass function of the elapsed number of generations be f,,. The total number
of domestic cases would be written as:

N 1 _ Rn+1
Caomestic =W Zofnﬁ -1}, (1)
n=

where Ciomestic represents the total number of domestic VOC 202012/01 cases generated by
imported VOC 202012/01 cases, and N is the maximum number of generations by the latest
observation time. In equation (1), w represents the total number of imported VOC 202012/01 cases;
it should be noted that w is not fully observable because of unrecognized introductions. During the
course of introduction of VOC 202012/01 from December 2020 to February 2021 (Figure 1) we
assumed that imported cases decreased exponentially over time because of strengthened travel
restrictions. Thus, we first developed a model to describe the incidence of imported cases i at calendar
time t, which we assumed could be described by i(t) = ke (r < 0); here, k was a constant, r
was the increasing/decrease rate of imported cases per day and ¢ was the time of infection among
imported cases. The exponential trend of imported cases was assumed, as part of an approximation of
the increasing/decreasing number of cases with alpha variant abroad, and even under quarantine
measures, we employed this approximation, because the observed number of imported cases in Japan
represents documented (confirmed) infections that escaped from detection at airport and shows only a
portion of actual number of imported cases. i(t) describes the infection-age distribution of imported
cases. Let T be the mean generation time (assumed as 5 days), the probability mass function of the
possible number of elapsed generations n of imported cases f,, is given by:
nT,
_ (n-1)Tq

- ) (;1 maxTg kexp(rs)ds

kexp(rt)dt )

n

ernTg _ er(n—l)Tg

ernmang -1
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er’n _ er’(n—l)

er’nmax -1

where »’=rT, that approximates the growth rate of imported cases per generation and nmax represents
the maximum number of generations of cases. The number of primary cases (i.e., imported cases) is
w. From w imported cases, Cyomestic domestic cases arose. Thus, the proportion of imported cases
out of all cases would be:

w

Pimported = 1 — Rn+1 : 3
W(Zg=ofnﬁ—1>+w ©)

There may be ascertainment bias in the detection of VOC 202012/01 cases. To assess the impact
of ascertainment bias on the analysis, we incorporated different biases a and S for imported and
domestic cases, respectively.

aw
Pimported = 1+ — 1)R2 — BR"*1
W( Nofn (B 1)—R B —1)+aw
B a
B 1+ (B —1)R? — BR™!
@+ Xn-ofn L 1 )_ R £ -1 4)

for n>0. Biases @ and f (0 <a <1 and 0 < f < 1) represent the relative ascertainment bias of
detecting imported and domestic cases. In this model, imported cases are a times less likely to be
identified than domestic cases. We assumed that secondary and subsequent generations of domestic
cases are more likely to be diagnosed with relative frequency f, leading to generation of the series of
cases A, =1+ R+ BR?>+ SR3+ -+ BR™ Let i and j represent the number identified imported
and domestic cases, respectively. Supposing that the elapsed number of generations n,, is known for
each imported case u, using equation (2) and Pimporteq> the following likelihood function can be
employed to estimate R from the observed proportion of imported cases:

i
.. j i
L(R; L7k a, ,B) x (1 — Pimported (ul)) 1_[ p;mported (u)fnu- (5)
u=1

It should be noted that (1-pimporteq) used the time elapsed since first imported case, because primary
cases (or ancestor case) of each observed case without travel history cannot be manually identified.
Under this assumption, the estimation would allow us to obtain a pessimistic estimate of the
reproduction number of VOC. In this analysis, the elapsed number of generations n,, was calculated
from the difference between the date of illness onset of the first identified primary case (i.e., the very
first imported VOC 202012/01 case on 19 December 2020) and the latest date of illness onset in a
domestic case divided by the mean generation time. The reproduction number was estimated by
minimizing the negative logarithm of equation (5). The 95% confidence intervals (CI) were computed
using a parametric bootstrap method. After resampling r and k 1,000 times each from a multivariate
normal distribution with a variance-covariance matrix generated by maximum likelihood estimation,
we obtained a total of 1,000 estimates of the reproduction number to provide an uncertainty bound.
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Each ascertainment bias @ and [ was set to 1 for the baseline scenario in our analysis. The
mean generation interval of SARS-CoV-2 VOC 202012/01 was assumed to be 5 days based on data
for preexisting variants in the baseline scenario [20], although the biological characteristics of SARS-
CoV-2 VOC 202012/01 have not yet been explicitly clarified. When necessary, the mean time delay
from symptom onset to reporting, which was used for back calculating illness onset date, was assumed
to be 9 days based on surveillance datasets. To explore the impacts of those parameters on the estimated
reproduction number for domestic transmission of VOC202012/01, various scenarios were examined
including varying the generation time from 4 to 6 days, elongating the mean delay from illness onset
to reporting from 7 to 11 days, and increasing ascertainment biases from 0.6 to 1.0

2.3. Ethical considerations

This study was approved by the Medical Ethics Board of the Graduate School of Medicine, Kyoto
University (R2676). The study used data published online by public health jurisdictions in Japan.

3. Results

A total of six imported cases, excluding those diagnosed during airport quarantine, and 146
domestic cases were used for the analysis for the period between 26 December 2020 and 26 February
2021. For the baseline scenario, we estimated the reproduction number for domestic transmission of
SARS-CoV-2 VOC 202012/01 in Japan using data from 26 December 2020 to 26 February 2021. The
Japanese government declared a state of emergency from 7 January to 21 March 2021 and imposed
movement restrictions. In the presence of these countermeasures, the reproduction number of the alpha
variant was estimated to be 2.11 (95% CI: 1.63, 2.94). The mean (standard deviation [SD]) number of
generations that had already elapsed was estimated at 9.6 (1.8).

Figure 2 shows the estimated reproduction number for domestic transmission of VOC 202012/01
at different time points (i.e., for different periods of estimation). Datasets were updated in real-time
from 29 January to 26 February 2021. The reproduction number was estimated to be 1.75 (95% CI:
1.44, 2.26) during the first estimation period on 29 January, and continuously increased and reached

2.23 (95% CI: 1.75, 3.06) on 19 February. The estimated reproduction number then slightly
dropped to 2.11 (95% CI: 1.63, 2.94) on 26 February. During these periods, Japan was under the stage
of emergency, and multitudes of interventions, including the restriction of mobility, were in place.
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Figure 2. Estimated reproduction number for domestic transmission of SARS-CoV-2 alpha
variant in Japan at different times of estimation. The black line shows the maximum likelihood
estimate for the reproduction number of the alpha variant (mean generation time 5 days, delay
from symptom onset to reporting of 9 days, and ascertainment biases a and 3 both 1) from 29
January to 26 February 2021. The gray dotted lines show the 95% ClIs of the reproduction number
derived from the parametric bootstrap method. SARS-COV-2, severe acute respiratory syndrome
coronavirus-2; CI, confidence interval.

Figure 3 shows the sensitivity of the reproduction number R to parameter estimates. R increased
linearly from 1.80 (95% CI: 1.46, 1.2.36) to 2.46 (95% CI: 1.82, 3.63) as the mean generation time
increased from 4 to 6 days (Figure 3A). The mean generations that had elapsed were estimated at 11.8
(SD: 2.5) and 7.7 days (SD: 1.8) for mean generation times of 4 and 6 days, respectively. As is well
known from Euler-Lotka equation, the reproduction number is given by the inverse of moment
generating function of the generation time given the intrinsic growth rate [6,9]. The same mechanism
applies to our estimation approach. However, the impact of delay from symptom onset to reporting on
estimates of the reproduction number appeared to be small: R increased slightly from 2.06 (95% CI.:
1.62, 2.82) to 2.24 (95% CI: 1.71, 3.17) using delays of 7 days and 11 days, respectively (Figure 3B).
To explore the role of ascertainment bias in the detection of imported and domestic cases of VOC
202012/01, R was estimated using relative ascertainment rates from 0.6 to 1.0 for imported and
domestic cases (Figure 3C and 3D, respectively). Compared with ascertainment rate at 1.0, unbiased
estimated of R was only slightly elevated as the ascertainment bias for detecting imported VOC
202012/01 cases increased. Conversely, compared with ascertainment rate at 1.0, unbiased estimated
of R only marginally decreased as the ascertainment bias for detecting domestic VOC 202012/01
cases increased. We verified the impacts of detection biases for imported and domestic VOC
202012/01 cases on the estimate of the reproduction number analytically by assessing the relative
ascertainment rates. With smaller ascertainment rate of domestic cases, it is easier for imported cases
to be detected and diagnosed.

Mathematical Biosciences and Engineering Volume 19, Issue 3, 2750-2761.
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Figure 3. Estimated reproduction number for domestic transmission of SARS-CoV-2 alpha
variant in Japan using different values for the generation time and ascertainment bias. Each
black dot represents the estimated reproduction number of the alpha variant. The error bars
show the 95% Cls derived from bootstrap resampling. The baseline scenario for our
estimates was based on the following assumptions: mean generation time of 5 days, delay
from symptom onset to report of 9 days, and ascertainment bias for detecting imported (o)
and domestic cases (f) both 1. A. The mean generation time was varied from 4 to 6 days.
B. The delay from symptom onset to reporting was varied from 7 to 11 days. C. The
ascertainment bias for detecting imported cases was varied from 0.6 to 1. D. The
ascertainment bias for detecting domestic cases was varied from 0.6 to 1.0. SARS-CoV-2,
severe acute respiratory syndrome coronavirus-2; CI, confidence interval.

4. Discussion

The present study explored the domestic transmissibility of SARS-CoV-2 VOC 202012/01 in
Japan using travel history information. Our findings revealed that the reproduction number for
domestic transmission of VOC 202012/01 was already above 1 as of the end of January 2020, then
subsequently increased despite declaration of a state of emergency. The mean generation time of
SARS-CoV-2 VOC 202012/01 had a strong impact on estimates of the reproduction number.
Ascertainment biases in detecting imported and domestic VOC 202012/01 cases had contrasting
influences on estimates of the reproduction number. Even when PHSMs were in place due to excessive
number of cases, the resulting estimate of R for alpha variant was estimated to be 1.6-2.9, i.e.
supercritical level.

The Japanese government decided to require all incoming travelers entering Japan to submit proof
of negative SARS-CoV-2 tests conducted within 72 hours of departure starting on 13 January 2021.
This action may have delayed the spread of VOC 202012/01 in the community. Along with quarantine
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measures, the government declared a second state of emergency on 7 January 2021. It should be noted
that the estimate of the VOC 202012/01 reproduction number in the current study was in the context
of a state of emergency. Thus, lifting of strong PHSMs could potentially lead to rapid spread of VOC
202012/01, as demonstrated by the situation in some European countries [1,2,11]. Our findings suggest
that the reproduction number for domestic VOC 202012/01 transmission was more than 1 at the end
of January; around that time, the spread of VOC 202012/01 was already rampant in Japan. According
to the MHLW, as of 9 March 2021 the number of confirmed infections by VOC:s (i.e., alpha, beta, and
gamma variants) had reached 345 cases including those identified in quarantine. Therefore, the alpha
variant was starting to spread and become more prevalent across Japan at that time [21].

Despite implementation of quarantine measures by the government, there are a few reasons why
some cases of VOC 202012/01 acquired abroad were confirmed not in quarantine but at local health
centers. First, negative test results for SARS-CoV-2 and tests conducted in airports are not guarantees
of the absence of the virus [22]. Second, even if undetected cases were required to self-isolate in their
homes or hotels for 14 days after entering Japan, they may have been in contact with others. The
possibility of such events could lead to generation of secondary cases. Although the estimated
reproduction number increased between 29 January and 19 February 2021 (Figure 2), it decreased
slightly by 26 February. This may be because our estimate assumed that domestic cases increase with
a constant R; thus, a decreasing trend in domestic cases because of reporting delays cannot be well
captured by our model.

Sensitivity analyses were conducted using different assumptions for mean generation time and
ascertainment biases in detecting imported and domestic cases of VOC 202012/01. Although some
estimates of the transmissibility of the B1.1.7 lineage have assumed a shorter mean generation time or
the same interval as previous lineages (i.e., approximately 5-6 days [9,11,23]), the reproductive
number of VOC 202012/01 increased for longer generation times. Therefore, continuous monitoring
and studies exploring the characteristics of new SARS-CoV-2 variants are required. We also quantified
how ascertainment biases affected estimates of the VOC 202012/01 reproduction number. If imported
cases of VOC 202012/01 were less likely to be detected than domestic cases, the actual value of the
reproduction number would be slightly smaller than estimated from empirical data without an
adjustment of ascertainment. By contrast, if domestic VOC 202012/01 cases were less likely to be
found than imported cases, the actual value of the reproduction number would be only slightly greater
than what is estimated without adjusting for ascertainment. Our analyses imply that the estimation of
the reproduction number could be stable regardless of the light changes of the ascertainment biases of
imported and domestic cases (i.e., from 0.6 to 1). However, considering potential impacts on estimates
of the reproductive numbers, cases should be tightly ascertained with caution. To do so, nationwide
implementation of random screening for SARS-CoV-2 VOC 202012/01 must be accelerated to more
accurately understand transmission dynamics. Some local governments decided to reinforce testing
capacity for VOC202012/01. However, random screening should be implemented systematically in all
prefectures and the resulting information should be made publicly available [24].

Our study had several limitations. First, we assumed that the proportion of imported cases of VOC
202012/01 among all confirmed cases can explain all infections. Thus, estimates of the reproductive
number would not fully capture the transmission dynamics of domestic cases if this assumption was
violated. Additional data supporting this assumption are required. Second, confirmed VOC 202012/01
cases were not randomly sampled from the population in Japan, which means there could have been
selection bias (for example, because of the occurrence of clusters of cases). However, including relative
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ascertainment bias in the model allowed us to partially address this problem and assess the potential
impacts of these biases. Third, we assumed that the number of imported cases of VOC 202012/01
decreased exponentially over time. Our results may be influenced by the probability mass function of
the generations of each imported case. Fourth, because we did not have the date of confirmed infection
or symptom onset of each case, we back projected the date of symptom onset using the mean interval
between symptom onset and reporting. Although only 27 of 158 cases were available to estimate this
delay, our results suggested that variation in reporting delay did not significantly affect the estimate of
the reproduction number. Finally, because our analysis relied on a homogeneously mixing population,
heterogeneity based on geographical location and age composition was not considered.

Despite some remaining tasks for future studies, our proposed mathematical approach can be used
to model the domestic transmissibility of VOC 202012/01 cases in Japan. Our findings indicate that
the reproduction number for domestic transmission of VOC 202012/01 was greater than 1 for a period
time, and was influenced by several parameters such as the mean generation time and ascertainment
biases. Thus, continued monitoring for cases of VOC 202012/01 is critical to provide more accurate
estimates and inform efforts to control new variants of SARS-CoV-2.

5. Conclusions

We successfully developed a method for estimating the reproduction number for domestic
transmission of SARS-CoV-2 VOC 202012/01 using the confirmed imported (n = 6) and domestic
cases (n = 146) in Japan. The reproduction number was estimated as more than 1 at the end of January
2021, and subsequently, the value increased. A sensitivity analysis suggested that the biological
characteristics of VOC 202012/01 (i.e., mean generation time) can impact estimates of the
reproduction number. We assessed the impacts of ascertainment biases in detecting imported and
domestic cases of VOC 202012/01. Systematic monitoring via random sampling nationwide will
enable more robust estimation of the reproduction number of VOC 202012/01. Mutation of SARS-
CoV-2 must be continuously monitored. Modeling the spread of new variants can inform strategies to
control the spread of these variants more efficiently. Our modeling study agreed well with the
subsequent outcome of VOC 202012/01 spread and replacement of pre-existing SARS-CoV-2 in Japan.

Conflict of interest

The authors declare no conflicts of interest associated with this manuscript.
Acknowledgments

H. N. received funding from Health and Labour Sciences Research Grants (19HA1003,
20CA2024, 20HA2007, and 21HB1002); the Japan Agency for Medical Research and Development
(AMED:; JP201k0108140 and JP20fk0108535); the Japan Society for the Promotion of Science (JSPS)
KAKENHI (17H04701 and 21H03198); the Inamori Foundation; the GAP Fund Program of Kyoto
University; the Japan Science and Technology Agency (JST) CREST program (JPMJCR1413); and
the SICORP program (JPMJSC20U3 and JPMIJISC2105). T.K. received funding from the JSPS
KAKENHI (21K10495) and acknowledges a start-up research grant from Kyoto University. The
funders played no role in the study design, data collection and analysis, decision to publish, or
preparation of the manuscript. We thank Edanz (https://jp.edanz.com/ac) for editing a draft of this

Mathematical Biosciences and Engineering Volume 19, Issue 3, 2750-2761.



2760

manuscript.

References

1.

10.

11.

12.

13.

Investigation of SARS-CoV-2 Variants of Concern in England, Public Health England, 2021.
Available from: moz-extension://73815545-76¢f-4708-8876-11f04da78d19/enhanced-
reader.html?openApp&pdf=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fgovernment
%2Fuploads%2Fsystem%?2Fuploads%2Fattachment_data%2Ffile%2F961299%2FVariants_of C
oncern_VOC_Technical_Briefing_6.

K. Kupferschmidt, Danish scientists see tough times ahead as variant rises, Science, 371 (2021),
549-550. doi: 10.1126/science.371.6529.549.

SARS-CoV-2 — Increased Circulation of Variants of Concern and Vaccine Rollout in the EU/EEA
— 14" Update, European Centre for Disease Prevention and Control, 2021. Available from:
https://www.ecdc.europa.eu/en/covid-19/timeline-ecdc-response.

T. Alpert, A. F. Brito, E. Lasek-Nesselquist, J. Rothman, A. L. Valesano, M. J. MacKay, et al.,
Early introductions and community transmission of SARS-CoV-2 variant B.1.1.7 in the United
States, Cell, 184 (2021), 2595-2604. doi: 10.1016/j.cell.2021.03.061.

R. Wdfel, V. M. Corman, W. Guggemos, M. Seilmaier, S. Zange, M. A. Mdler, et al., Virological
assessment of hospitalized patients with COVID-2019, Nature, 581 (2020), 465-469. doi:
10.1038/s41586-020-2196-X.

S. M. Jung, A. R. Akhmetzhanov, K. Hayashi, N. M. Linton, Y. Yang, B. Yuan, et al., Real-time
estimation of the risk of death from novel coronavirus (COVID-19) infection: Inference using
exported cases, J. Clin. Med., 9 (2020), 523. doi: 10.3390/jcm9020523.

S. Zhao, Q. Lin, J. Ran, S. S. Musa, G. Yang, W. Wang, et al., Preliminary estimation of the basic
reproduction number of novel coronavirus (2019-nCoV) in China, from 2019 to 2020: A data-
driven analysis in the early phase of the outbreak, Int. J. Infect. Dis., 92 (2020), 214-217. doi:
10.1016/}.1jid.2020.01.050.

Tracking Public Health and Social Measures, World Health Organization, 2019. Available from:
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/phsm.

N. G. Davies, S. Abbott, R. C. Barnard, C. 1. Jarvis, A. J. Kucharski, J. D. Munday, et al., Estimated
transmissibility and impact of SARS-CoV-2 lineage B.1.1.7 in England, Science, 372 (2021),
eabg3055. doi: 10.1126/science.abg3055.

S. Zhao, J. Lou, L. Cao, H. Zheng, M. K. C. Chong, Z. Chen, et al., Quantifying the transmission
advantage associated with N501Y substitution of SARS-CoV-2 in the UK: An early data-driven
analysis, J. Travel. Med., 28 (2021), taab011. doi:10.1093/jtm/taab011.

K. Leung, M. H. Shum, G. M. Leung, T. T. Lam, J. T. Wu, Early transmissibility assessment of the
N501Y mutant strains of SARS-CoV-2 in the United Kingdom, October to November 2020, Euro.
Surveill., 26 (2020), 2002106. doi: 10.2807/1560-7917.ES.2020.26.1.2002106.

NERVTAG Paper on COVID-19 Variant of Concern B.1.1.7, New and Emerging Respiratory Virus
Threats Advisory Group, 2021. Available from:
https://www.gov.uk/government/publications/nervtag-paper-on-covid-19-variant-of-concern-
b117.

N. G. Davies, C. I. Jarvis, CMMID COVID-19 Working Group, W. J. Edmunds, N. P. Jewell, K.
Diaz-Ordaz, et al., Increased mortality in community-tested cases of SARS-CoV-2 lineage B.1.1.7,
Nature, 593 (2021), 270-274. doi: 0.1038/s41586-021-03426-1.

Mathematical Biosciences and Engineering Volume 19, Issue 3, 2750-2761.


https://www.ecdc.europa.eu/en/covid-19/timeline-ecdc-response
https://doi.org/10.3390/jcm9020523
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/phsm
https://www.gov.uk/government/publications/nervtag-paper-on-covid-19-variant-of-concern-b117
https://www.gov.uk/government/publications/nervtag-paper-on-covid-19-variant-of-concern-b117

2761

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

>

g

R. Challen, E. Brooks-Pollock, J. M. Read, L. Dyson, K. Tsaneva-Atanasova, L. Danon, Risk of
mortality in patients infected with SARS-CoV-2 variant of concern 202012/1: Matched cohort
study, BMJ, 372 (2021), n579. doi: 10.1136/bmj.n579.

Information About New Response for Quarantine in Japan, Ministry of Health, Labour, and
Welfare of Japan, 2021. Available from:
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000121431 00209.html.

H. Nishiura, K. Mizumoto, K. Ejima, How to interpret the transmissibility of novel influenza
A(H7N9): An analysis of initial epidemiological data of human cases from China, Theor. Biol.
Med. Model., 10 (2013), 1-9. doi: 10.1186/1742-4682-10-30.

S. Cauchemez, S. Epperson, M. Biggerstaff, D. Swerdlow, L. Finelli, N. M. Ferguson, Using
routine surveillance data to estimate the epidemic potential of emerging zoonoses: Application to
the emergence of US swine origin influenza A H3N2v virus, PLoS Med., 10 (2013): e1001399. doi:
10.1371/journal.pmed.1001399.

H. Murayama, T. Kayano, H. Nishiura, Estimating COVID-19 cases infected with the variant alpha
(VOC 202012/01): An analysis of screening data in Tokyo, January—March 2021, Theor. Biol. Med.
Model., 18 (2021), 13. doi: 10.1186/s12976-021-00146-x.

Information About the Emergences of COVID-19 Cases Associated with Variant Strains, Ministry
of  Health, Labour, and  Welfare of Japan, 2021. Available  from:
https://www.mhlw.go.jp/stf/newpage_17211.html.

H. Nishiura, N. M. Linton, A. R. Akhmetzhanov, Serial interval of novel coronavirus (COVID-19)
infections, Int. J. Infect. Dis., 93 (2020), 284-286. doi: 10.1016/j.ijid.2020.02.060.

Confirmed Number of Cases with Variant in Each Prefecture in Japan (Genome Sequencing),
Ministry of Health, Labour, and Welfare of Japan, 2021. Available from:
https://www.mhlw.go.jp/content/10906000/000751599.pdf.

L. M. Kucirka, S. A. Lauer, O. Laeyendecker, D. Boon, J. Lessler, Variation in false-negative rate
of reverse transcriptase polymerase chain reaction-based SARS-CoV-2 tests by time since
exposure, Ann. Intern. Med., 173 (2020), 262-267. doi: 10.7326/M20-1495.

E. Volz, S. Mishra, M. Chand, J. C. Barrett, R. Johnson, L. Geidelberg, et al., Transmission of
SARS-CoV-2 lineage B.1.1.7 in England: Insights from linking epidemiological and genetic data,
MedRxiv, 2020.12.30.20249034 (2020). doi: https://doi.org/10.1101/2020.12.30.20249034.

Japan Adds 13 Nations for Extra Quarantine Steps over COVID-19 Variants, The Japan Times,
2021. Available from: https://www.japantimes.co.jp/news/2021/03/03/national/new-quarantine-
measures-variants/.

7 ©2022 the Author(s), licensee AIMS Press. This is an open access

imMs AJMS Press article distributed under the terms of the Creative Commons
= Attribution License (http://creativecommons.org/licenses/by/4.0)

Mathematical Biosciences and Engineering Volume 19, Issue 3, 2750-2761.


https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000121431_00209.html
https://www.mhlw.go.jp/stf/newpage_17211.html
https://www.mhlw.go.jp/content/10906000/000751599.pdf

