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Evolution of the 2019-nCoV outbreak (31 December 2019 — 10 February 2020)
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The Situation (as of 11 Feb, 6am Geneva time)

Updates from last 24 hours

China;

— 2,484 new confirmed cases: 84%, 2,097 casesfrom Hubei

— 849 new severe casesand 108 deaths: Hubei(103),
Beijing(1), Tianjin(1), Heilongjiang(1), Anhui(1), Henan(1))

— 3,536 new suspected cases

Outside China:
— 74 new confirmed cases: International conveyance
(Japan)(65), The United Kingdom(4), Singapore(2), Viet
Nam(1), United Arab Emirates(1), Republic of Korea(1)

e Between 31 Dec 2019 - 11 Feb 2020

* In total, 43,101 confirmed cases
mcIudmg 1,018 deaths globally

e China

— 42,708 confirmed cases

— 7,333 severe cases

— 1,017 deaths: Hubei(974), Heilongjiang(8), Henan(7), Anhui(4),
Beijing(3), Hainan(3), Tianjin(2), Hebei(2), Chongqging(2),
Gansu(2), Jilin(1), Shanghai(1), Jiangxi(1), Shandong(1),
Hunan(1), Guangdong(1), Guangxi(1), Sichuan(1), Guizhou(l),
Hong Kong SAR(1)

e Qutside China
— 393 casesfrom 24 countries

— 1death
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Distribution of 2019-nCoV cases as of 10 February 2020
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China CDC 1/28/2020 report
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Updated data 12/8/2019 to 2/11/2020

China CDC Weekly
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(COVID=-1%) in China
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[Abstract] Ohjective An outbresk of 2019 novel comnavius diseases (QOVID-19) in
‘Wuhan, China has spread quickly nationwide, Here, we report resuls of a descriptive, exploratory
analysis of all cases diagnosed as of February 11, 2020, Methods All COVID=-19 cases reported
through February 11, 2020 were extracted fiom China” s Infectious Disease Informmation System.,
Analyses included: 1) summary of patient chamcieristics 2) examination of age distributions and sex
raties; 3) calculation of case fatality and mortality mtes; 4) geo-temporal analysis of viral spread; 5)
epidemiological curve construction; and 6) subgroup analysis. Results A total of 72 314 patient
records — 44 672 (61 8% ) confimned cases, 16 186 (22.4%) suspected cases, 10567 (14.6% ) clinical
diagnosed cases (Hubei only), and 889 asymptomatic cases (1.2%) — contributed data for fve analysis.
Among confimed cases, most were aged 30-79 years (86.6% ), diagnosed in Hubei (74.7% ), and
considered mild'mild pneumonia (B0.9%). A total of 1 023 deaths occurred among confirmed cases for
an overall case-fatality mate of 2.3%. The COVID=19 spread owtward from Hubei sometime after
December 2019 and by February 11, 2020, 1 386 counties across all 31 provinces were affected. The
epidemic curve of onset of symptoms peaked in January 23-26, then began to decline leading up to
February 11. A total of 1 716 health workers have become infected and 5 have died (0.3% ).
Condusions The COVID-19 epidemic has spread very quickly. [tonly ok 30 days to expand from
Hubei to the rest of Mainland China. With many people returning from a long holiday, China needs to
prepare for the possible rebound of the epidemic.

[Key words] 2019 Novel Coronavirus; Qutbreak; Epidemiclogical chamcteristics
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The Epidemiological Characteristics of an Outbreak of 2019 Novel
Coronavirus Diseases (COVID-19) — China, 2020

Characteristics of and Important Lessons From

the Coronavirus Disease 2019 (COVID-19) Outbreak in China

Summary of a Report of 72 314 Cases From
the Chinese Center for Disease Control and Prevention

The Chinese Center for Disease Control and Preven-
tion recently published the largest case series to date of
coronavirus disease 2019 (COVID-19) inmainland China
(72 314 cases, updated through February 11, 2020)." This
Viewpoint summarizes key findings from this report and
discusses emerging understanding of and lessons from
the COVID-19 epidemic.

Epidemiologic Characteristics
of the COVID-19 Outbreak
Among a total of 72 314 case records (Box), 44 672
were classified as confirmed cases of COVID-19 (62%:
diagnosis based on positive viral nucleic add test result
on throat swab samples), 16186 as suspected cases
(22%: diagnosis based on symptoms and exposures
only, no test was performed because testing capacity is
insufficient to meet current needs), 10 567 as clinically
diagnosed cases (15%; this designation is being used in
Hubei Province only; in these cases, no test was per-
formed but diagnosis was made based on symptoms,
exposures, and presence of lung imaging features con-
sistent with coronavirus pneumonia), and 889 as
asymptomatic cases (1%: diagnosis by positive viral
nucleic acid test result but lacking typical symptoms
including fever, dry cough, and fatigue).'

Most case patients were 30 to 79 years of age
(879). 1% were aged 9 years or younger, 1% were aged
10 to 19 years, and 3% were age 80 years or older.

Mt mamne wimen Ainmmeend in Uikhed Draines (75020

Box. Key Findings From the Chinese Center
for Disease Control and Prevention Report

7234 Cases (as of February 11, 2020)

= Confirmed cases: 44 672 (62%)

» Suspected cases: 16 186 (22%)

« Diagnosed cases: 10 567 (15%)

= Asymptomatic cases: 889 (136)
Age distribution (N = 44 672)

= =80 years: 3% (1408 cases)

= 30-79 years: 87% (38 680 cases)

= 20-29 years: 8% (3619 cases)

= 10-19 years: 1% (549 cases)

= <10 years: 1% (416 cases)
Spectrum of disease (N = 44415)

= Mild: 812 (36 160 cases)

= Severe: 14% (6168 cases)

» Critical: 5% (2087 cases)
Case-fatality rate

» 2.3% (1023 of 44 672 confirmed cases)

= 14.8% in patients aged =80 years (208 of 1408)
« B.0% in patients aged 70-79 years (312 of 3318)

» 49.0% in critical cases (1023 of 2087)

Health care personnel infected

= 3.8% (1716 of 44 672)

= B3% in Wuhan (1080 of 1716)

= 14.8% cases classified as severe or critical
(247 of 1668)

= 5deaths



Augmented Onset Time from Case Report Time

Augmented and observed timings of infection and symptom onset in China
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Disease Natural History Assumptions

Example Infection Event Times

Case 1 [ e =
Case 2 o e
Case 3 & - .
Case 4 [ - L
Case 5 L ke | ® |nfection
& Onset
B Hospitalization
Lab Confirmation
0 1 2 3 H 5 6 7 8 3 10 11 12 13 14 15 16 17 18 19 20
Time

Fig. 1 Illustrative examples for infection, symptom onset, hospitalization and virus lab confirmation time

Incubation period distribution
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The Transmission Model

e Cases shedding infection intensity to others, homogeneous mixing assumption:

:1(?) = Z pinf(rl?r')ﬁinf}" ( 1 )

ite[tf+A ]

* |Infection intensity to onset intensity through incubation period, and likelihood of
onset:

~ t—Inc,;, R
A1) :/ AT)pyp(t|T)dr.
t—Inc

max

T

_ e“'{':”ﬁ(r)"vr
p(Nh’, 1'“{’]irn:' I-r;'hin‘f] = H 7 . (2)
=1 Ni‘ *
e Pre-symptomatic infection, modify the virus shedding formation:
A(r) = Z ;J?;lf(rl?ﬁ)‘ﬁ?;]f?' (3)
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City Lockdown Intervention

e A simple effect with two components -- immediate reduction and lasting effect
for strengthening measures:

b0) = (6,600, X
j(ﬂ = | Z pinf('rl?r';'ﬁinf?'g(ﬂ' (5)
i:teti+4 ]

e Successful control of outbreak is reflected in time needed to reduce the effective
R to below 1:

‘f?{] — j’*ﬁinl'



Natural History Assumptions Used in Analyses (Symptomatic infection

Relative infectivity

only)

Incubation period distribution
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Fig. 2: Assumptions used to model the incubation period length distribution and relative infectivity following patient

symptom onset for COVID-19 outbreak in China from Dec. 1, 2019 to Jan. 23, 2020. No asymptomatic infectiousness

was possible in this model as cases may infect others only after symptom onset.



Natural History Assumptions Used in Analyses (Pre-symptomatic

Incubation and Relative Infectivity Incubation and Relative Infectivity
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Fig. 3: Modified assumptions used to model the incubation period length distribution and relative infectivity following

infection time for COVID-19 outbreak in China from Dec. 1, 2019 to Jan. 23, 2020. Asymptomatic infectiousness exist

as the infectious period starts at time of infection.



Updated Results, onset until 2/11/2020, Wuhan*

Table 2 Estimated model parameters and their 95% Cls for COVID-19 outbreak in Wuhan with updated

data [12]
Pinf Without asymptomatic infection With asymptomatic infection
Baseline Earlier Baseline Earlier
Confirmed
cases,
sWuhan®
, 0.579 (0.556,0.599) 0.582 (0.563,0.602) 0.635(0.612,0.659) 0.664 (0.640, 0.690)
-, 0.126 (0.122,0.130) 0.121(0.117,0.125) 0.183 (0.179,0.189) 0.137 (0.133, 0.142)
R, 2.81(2.76, 2.86) 2.70 (2.65, 2.75) 4.15(4.07.4.24) 273 (2.68.2.79)
Days after 3.85 3.74 5.29 4.35
intervention
toRy <1

Shorter incubation period assumption used

“See the results from cases outside Wuhan in the Supplementary Material



Updated Results, onset until 2/11/2020, Wuhan*
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Discussion

* The current model is based on homogeneous mixing assumption due to lack of data. The reported
cases may be merely a reflection of available medical resources.

 We modelled the true epidemic curve instead of the case ascertainment report to avoid potential
report bias. The intervention effect was shown to be effective relatively quickly in epidemic curve
but much slower in the report curve.

* The estimated RO’s from asymptomatic infectivity model were higher due to the extra window of
viral shedding before onset. However it’s not just more required effort to reduce R to below 1, but
the whole extra set of intervention will be needed for effective control/mitigation.

» Testing! Testing! Testing! Contact tracing and quarantine of exposed individuals. The draconian
measures in China seemed to effectively worked in 4-5 days after lockdown implementation, but
in other places how to modify the strategies remain very challenging.

e A good YouTube video on the South Korean approach:
https://www.youtube.com/watch?v=gAk7aX5hksU



https://www.youtube.com/watch?v=gAk7aX5hksU

summary

e Bottom line: What is the question that you're trying to answer?
* RO, with/without intervention, with/without asymptomatic transmission

Significance: Why is this question important?

* Understanding transmission mechanism, estimation from epi curve instead of ascertainment curve,
differentiate natural history assumptions and their impact on model

Data: What data are needed to answer your question?

e Epi curve by onset time, better with subject level data including location, demographics, contact
history etc. for more detailed modelling

Methods: What statistical methods are needed? Have they already been developed?

* Transmission model, MLE, potentially EM/Multiple imputation/MCMC for unobserved infection
time. Model not complicated but restricted by available data

Student Involvement: Are there opportunities for student involvement?
e |f someone could help collect data will be very helpful
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Abstract

Since December 2019, a disease caused by a novel strain of coronavirus (COVID-[NIl|]

19) had infected many people and the cumulative confirmed cases have reached
almost 180,000 as of 17, March 2020. The COVID-19 outbreak was believed to
have emerged from a seafood market in Wuhan, a metropolis city of more than 11
million population in Hubei province, China. We introduced a statistical disease
transmission model using case symptom onset data to estimate the transmissibility
of the early-phase outbreak in China, and provided sensitivity analyses with vari-
ous assumptions of disease natural history of the COVID-19. We fitted the trans-
mission model to several publicly available sources of the outbreak data until 11,
February 2020, and estimated lock down intervention efficacy of Wuhan city. The
estimated Ry was between 2.7 and 4.2 from plausible distribution assumptions of the
incubation period and relative infectivity over the infectious period. 95% confidence
interval of Ry were also reported. Potential issues such as data quality concerns and
comparison of different modelling approaches were discussed.

Keywords COVID-19 - Transmission model - Basic reproduction number -
Emerging outbreak

e https://link.springer.com/articl

e/10.1007/s12561-020-

09277-0
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