Model supplement:

Network model

The structure of the SEIAR dynamic model adopted is as follows:
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In the network, each node was in one of the following 5 possible states: (S) susceptible,
(E) exposed, (I) infected (with symptomatic), (A) infected (asymptomatic) or (R)
removed (recovered and death). The contact network has no direction, no weight, and
no self-loop (that is, all contacts are mutual, and all contacts spread infection with the
same probability). Initially, all nodes are S. Then one susceptible node will be randomly
selected as I, and an integer between 1-5 will be randomly selected as the number of E
to complete the initial state setting.

In order to simulate the closeness of connections between different types of people in
the contact network, the complete complex network is generated by the DBA
preferential attachment network model. A network of n nodes is grown by attaching
new nodes each with either m,; edges (with probability p) or m, edges (with
probability 1—p) that are preferentially attached to existing nodes with high degree. In
this study, we set it up as follows. The parameters, m; = 0.03 X
the number of paasengers, represents the average number of individuals that a
passenger can contact, m, = 0.03 X the number of crews, represents the average

number of individuals that a crew can contact, p is approximately the proportion of



passengers in the total number of people, and n=3711.

Interventions

In order to judge whether the implementation of isolation is effective, we set the
following scenarios: (1) When the number of infections (I) (ny4)>10, 20, 50, the

quarantine will start. (2) After (1) is satisfied, set the probability of each edge being cut

off (p ) to 0.9 or 0.9999, where 0.9999 means that more stringent isolation has

isolation
been implemented. (3) When the heterogeneity of the population #=0, 0.2, press (1) and
(2) to intervene. Another type of intervention is the evacuations, which are determined
by the particularity of the cruise ship. Because the ship is not allowed to dock, countries
can only send charter flights to pick up passengers.

Due to the high cost of evacuations, we assume that evacuations last only 7 days, and
the number of people evacuated every day is the same. Except for those who are
infections (I), the rest have the same probability of being selected for evacuation. We
set the following scenarios to determine the validity of the evacuations: When the
number of infections (I) (ng,,+)>10, 20, 50, the evacuations will start. (2) After (1) is
satisfied, the number of evacuees (n,,4uq:e) per day =50 or 380.And 380 indicates that
the intensity of evacuation is higher. (3) Whether to increase heterogeneity on the basis
of (1) and (2), i.e. 7 =0 or 0.2. (4) Evacuation of passengers only (actual situation) or
both passengers and crew can be selected to evacuate. In addition, we also need to check
the effect of joint intervention (simultaneous isolation and evacuation). The detailed

scenario settings are shown in Table 1.
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Figure S1. Box plot of the ages of all cases on the Diamond Princess. (a), (b), (c)
respectively represented the age distribution of all infections when the control measures
were Isolation 2, Evacuation 2, And Joint 3; (d) represented the age distribution of the

Diamond Princess.
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Figure S2. The COVID-19 epidemic curves of people with different identities




(passengers, crew, total) under different interventions. (a), (b), (c) represented the
intervention scenarios of Isolation 2, Evacuation 3 and Joint 3 respectively; (d)
indicated the results of Baseline.
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[ Al guests aboard Diamond Princess

Diamond Princess departed from Yokohama
(Tokyo)

Jan, 20

The 80-year-old man disembarked Jan, 25

The 80-year-old man had fever Jan, 30

The 80-year-old man tested positive for
coronavirus in Hong Kong

T'he first phase of health screening of all
guests and crew onboard Diamond Princess,
by the Japanese Ministry of Health, has been
completed. 10 people have tested positive for
Coronavirus.

Princess Cruises confirmed an additional 61
cases of Coronavirus as tested by the
Japanese Ministry of Health on Diamond
Princess.

The Japanese Ministry of Health announced
39 new coronavirus positive cases on
Diamond Princess, 111
juarantine officer.

Feb, 12

Evacuation of nationals (Americans).

Evacuation of nationals (Koreans, Hong
Kong citizens ).

Evacuation of nationals (Australians).
Evacuation of nationals (British ).

Evacuation of nationals (Taiwan Province,
Hong Kong citizens ).

Evacuation of nationals (Hong Kong
citizens ).

A total of 696 positive cases of COVID-
19, 7 of them died.

Ministry of Health, Labour and Welfare
announced that a total of 7 deaths and 712
confirmed cases of Diamond Princess.

Mar, 15

Mar, 25

I Quarantine offic

Onset and diagnosis of the first
positive case

ers infected I Evacuation of nationals

B increase in cases

Hong Kong 80-year-old man got on board

Diamond Princess docked in Kagoshima.

Diamond Princess docked at Kai Tak Cruise Terminal in
Hong Kong.

Diamond Princess docked in Da Nang city. Vietnam.

Diamond Princess docked in Halong Bay, Vietnam.

Diamond Princess docked in Keelung, Taiwan.

Diamond Princess docked in Naha, Okinawa, Japan.

Diamond Princess docked at Daikoku Pier in Yokohama
Port, Japan. The cruise itinerary ended

Diamond Princess began quarantine in Yokohama for
14 days as required by the Ministry of Health.

Relevant staff fully disinfect tourist attractions
that tourists may had visited.

The number of new coronavirus positive cases
increased to 135, including 5 crew members; the
Kanag P 1 G of Japan established
the countermeasures headquarters to study patient
evacuation measures.

The first quarantine was for passengers and members on
board who are old and have basic diseases . If the test is
negative, they will be given the option to leave the ship
and be transported to a quarantine housing facility.

Fourteen Americans had tested positive before boarding
a returning plane.

End of Quarantine and Disembark Process

End of Quarantine Disembark Begins.

Disembarkation of all guests aboard Diamond Princess
‘was complete, and began team member quarantine.

All close contacts had completed 14 days of
quarantine.

the Diamond Princess finished all the disifection
and quarantine work. leaving Yokohama at about
2 PM.

Figure S3. The timeline of the outbreak on the Diamond Princess. The arrow icon indicates the
time of the event, and different colors represent different types of events.



Tables

Table S1. The parameters of COVID-19

Parameter Value References
R, 2.5 [1]*
Incubation period(1/a) 4 [2-4]
Recovery period(1/y) 7 [3, 4]
Serial interval Gamma(6,1.2) [5-7]
Probability of E to A (1-Pg_,;) 30% [8-12]
The transmission rate ratio of A to | 0.4 [12, 13]

Note: * indicates that the estimated value of the basic reproduction number (R,) is obtained from

Reference 1 and the estimated value in this study.

Table S2. The epidemic curves of infectious diseases when Transmission rate(f) are changed

Interventions Peak time Peak value Peak 95%CI  Total cases Cases 95%ClI

B (+50%)
Baseline 02-28 483 472-492 2270 2194-2339
Isolation 1 03-02 106 103-110 513 484-536
Isolation 5 02-21 31 26-35 181 164-201
Isolation 6 03-02 109 107-112 525 502-544
Evacuation 4 02-28 463 447-475 2220 2142-2296
Evacuation 7 02-25 472 447-490 2273 2173-2351
Evacuation 9 03-02 443 409-467 2116 1967-2235
Joint 3 03-02 367 342-388 1704 1561-1811
Joint 4 02-07 19 13-26 108 85-137

£ (+100%)

Baseline 02-23 590 559-610 2749 2671-2814
Isolation 6 02-25 560 530-587 2632 2502-2736
Joint 4 03-16 33 30-37 167 147-187

£ (-50%)
Baseline 03-23 156 139-168 412 352-478
Isolation 6 03-23 147 136-157 417 364-474
Joint 4 02-13 5 4-7 17 15-19
Table S3. Quarantine and port information of 3 cruises

Days Passenger
Cruise Confirmed Quarantine Quarantine
name Cases before start time disembarkation method Measures
moored time




A national warning was
issued on January 31:
Passengers are required to

isolate themselves.

712
Quarantine Quarantine began on
) (A total of
Diamond personnel on  February 4. On February 7,
) 3618 people 15 2020-02-03 2020-02-03 ) )
Princess board the sightseeing spots were
were tested
quarantine fully disinfected; on
and 11 died)

February 12, passenger
voluntary disembarkation
plans were carried out in

stages.
103 On March 5, after the ship
Quarantine docked, the rescue team
(A total of
Grand personnel on went to the Supreme
) 1103 people 27 2020-03-09 2020-03-09 ) ) )
Princess board Princess Airdrop Kit to
were tested ) )
quarantine detect coronavirus on
and 3 died) )
passengers on the ship.
On January 25, all
docked and passengers disembarked,
Costa )
0 4 2020-01-23 2020-01-24 then except 15 passengers with
Serena ) o
quarantined fever and negative virus
test.
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