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Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is responsible for pandemic of
coronavirus disease 2019 (COVID-19). There are asymptomatic patients and the asymptomatic
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features contribute largely to COVID-19 epidemic. We collected data from early 2020 in Anhui and
Heilongjiang provinces. An ordinary differential equation model was used to fit the epidemic data.
The complete recovery of asymptomatic patients was significantly delayed compared with that of
diagnosed patients. Similar features were also observed in the model based on the epidemic data
from Anhui province. Stochastic simulations demonstrated that strongly controlled measures
should be maintained even after the total infected patients have recovered primarily owing to
asymptomatic patients. Even minimal asymptomatic patients would lead to coronavirus outbreaks
if strongly controlled measures were not continuously implemented.
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1. 5|15

3BT 7 SR 995 22 48 (Coronavirus Disease 2019, COVID-19)[H 2020 4E47] LASKAE 4= BRYE FE P RIAT
COVID-19 BEA @A YR SUm M X FoB e 51 S 1 ™ B 2P IR SR A1, I C &S R %
Mo HEH A TAHALHRE K2R COVID-19 #izmplEid 1.1 14, R A C&ld 7 250 /5
(https://covid19.who.int/). COVID-19 KGR OIETZ . KR PR SE, FHit—P2 S5
fifigg . B, HERICT[1]. HTEZ P ABURERRTT, KIAT AW AL o 74 01 it 1 G+ 22 B
EIRRE R PR e . S B RATRRESE, IAE AR D o R A (2] T B BURAESE 1 2R K
VIR S T A R0, RG] TS I S AE . AR [ CAAMG R ALK, e S A
FRAE

TR B A AE B s T COVID-19 A BRKIRAT[2], EM oA T — AN midi S 4E 1% 1)
FERFEK[3]. A MBS F R AR R G# H R AT T H R 4] (R A F R m S RE, BH
IRZ MRS, Db H 99 R 7 v] FH 2 (identifiability) . R, S48 — MA@ E & RRR, EiEE
B R IS AY a] S 1 2 (AL AT BT e — N EE 2 ) O — R, AT R B AN N A 1T,
BRI Gan i 35 A AR R 25 R B N B — 1 BSR40, SR RS BB M I A R RAT R I
RBERFAE, TERELCRENL T E 2 W N E R INET A (5] Blan, &5 SIRD BAL S —AN 0l
BBV FRGE A Al T A% G SRR B B B0 2R, JE3RAS T 5 56 T FE A AL 1) J5 22 40 i AH DT T 19 25
[6]. KUk, B-RE$H]JTI(Occam’s Razor)ifE 5| S A X BAL I % pe f R B OB, N Be B DATEIR 22
SOV Bl A A0 AT 0 2 A

BT (R 70T LR R0 25 (AT SR A0 I AR 7], Badlt, — RAURID IR AT K ik
PEAL LR IP 25 AP AT AL LE 975 T AL 48 1 S m& [8] [9] [10] [11] [12]. Ak, ik x4t il SEIR FHE R 3E47 Biridk
[13], ML & TORERIB G IRAT % “SCIRA” oy RS, I 5T mBdR AT e BA, A
A DAL O ASEAU S BRAT 0 22 28000 o BB HLASE A0, 45 S 3 BR A o o R sk e 3 1) 58 4T B 2 35 8 T2
Bl R “GEE” W, ZRE R R L T R R . seAh, BERNUBLRLE RS, RO AR B2 0 1 4
BRJE, N KRS 5, 2 B s AR, B N e M TR A T Re s R “ —
WK o« B, BATHE—LEW, NAWERIU R (B 248 0t [R]I E A0 IR B 2 A% 1% AU
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2. M5 %
2.1 RITHREFBUEESEEE

R4 BT BT 5 W& F S BRI E M2 R I ARG ARG 5, WNEERSGH RSB ETE
SN VA 8 D 5 I B A 3 (http://www.stats.gov.cn/) .

2.2. FEER
¥ B NEE NIRRT (S BNEE, S), ZV)EAnE (BELN, C), Mizwmnml(l), EEMKRR)M
TR G (A). BT 2020 4E0) Lt N B KR A AL DA | Zm PR, N RRshE2EH),

EANE FE A4 T M X TR NI 5200 o JERE DRI G s JE W iR (E 2 W] LA AT COVID-19 A& 411
HER[14]. BERUTREUNT

ds
dt
dc

o B,SC + B,SA—v,C —v,C — AC + 3,
dl K"

= =y CHV A y—— |
a2 TR TG e

=AC—BSC—B,5A+eA- ;S

I
dt K"+C"+1"
Ll =yC-cA-v,A
dt

B RRAEE I 1 . SASEEE L A NE DI (C) ¥ N 5 B (SRR f1v S F1 By
SrAFRIR S M Cy A B AR B B~ RO AR R . ¢ RORTORERIBRGLE B @I A[15] [16]. v Al v,
I3 )t R D) Ak (C) AN TS AE IR S 2 (A)ABR 290 61 (1) Z IR R~ S e A i e o eI, 08 TRIER I AL
A v FA TSR BI[15] [16]. w ATHEHEI RS AR . 25 i 0% 1 UL SRS TR 9NE I 7 0 BRI T B2 U
FISCmR, fERRE R SINBRET N BT ARERETKEAR, BAANFRRAEEES, FEGR
XS w RN E . ZH K NBUE, n R thla .

A
1 sl A
AC
—
S SiSC C V3A1
—_—
BSA or BSI Kn )
K —n o n
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Figure 1. Schematic diagram of our model
1. RERIEE

2.3. REHEH

t-leap BEAUBAL L TREHUBLL[17], LAEME COVID-19 {44t M. SHd A1/ MATLAB
(1] Potterswheel T H.44[18]. ¥ MATLAB 111 ode23s 51347 HE H1A4L,(R2018b).
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3. &R
3.1 =RHE

B R ORBAVE B ALA BRI T A AT IR F 505 . @S A4 R T ARG S8, N T
IR R AR A R R S HU, AT T W46 S B LA (R 5 [A]) . dl it 500 ZH BE ALY 46 2 £k
TR, FRATUCEE T AT 200 LR A S84, I 500 4LBENUBL b6 F R 2 BN — 4128, 4551
T LR AR R S RATR E BB A, ZRE BRI S E 45 R S W [19]. FEEBITE
R PIVIEEIA <01, FRABEET NEL, AVEIOERERFEVIGERE N 0. &MUE LS
BANE 2(A) iR . EERBRLAESELLIT £ (=1, 2, )WBUEEER 9 1005 1078, RHAK 2T
B AH B Rl W25 4. 200 RS E MK 2(B) . X L6455 SR B A A AT DU 1R 400
G BT AT IR 500

Table 1. Parameter values

F 1 ERSY

¥ U 24 Bl
! 0.2738 U 0.2508
Vs 0.0904 K 3182.8175
P 0.0184 n 1.0255
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Figure 2. Model fitting to epidemic data. (A) The fitting of model to epidemic data. The model simulation was shown (blue).
The »* penalty was shown. Infected patients (left) and cumulative recovered cases (right) were shown. Solid dots: epidemic
data. Shaded area: 95% confidence intervals; (B) Parameter distributions for fitted parameters from top 200 sets
2. FITRFHEEIE. (A) REBARITRERRE. NEHMERESR, P ETITFURR, /IN<1 RRERFE.
EM A meEL, ANAZITEERGIEL. BRSARITRFERIE, BXA B5%EFRXE; (B) AT 200 A
BEMEESHIH
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3.2. BEHLERL

i F t-leap FIEXI A AL HEATRENLALHL[17], PABF A COVID-19 A& 3E Gi it 22 A . BENLALRL A 7 49 tn
K 3 . Rkl 2 IRBENUS LR T COVID-19 [ AT A AL R L .

Figure 3. Stochastic simulation. Representative three traces for number of diagnosed patients (A) and number of recov-
ered/cured patients (B)
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Figure 4. Estimation of gap between recovery time for asymptotic and diagnosed patients. (A) Representative trajectories of
asymptomatic (red) and diagnosed (blue) patients. The box indicates the enlarged region in (B, left, marked with asterisk); (B)
Amplified regions for terminal trajectories where the number of asymptomatic ‘A’ and diagnosed ‘I’ patients went back to
zero. The time needed to go back to zero was defined as T, for asymptomatic patients or T, for diagnosed patients, respec-
tively. Two representative examples were shown; C) 1000 stochastic runs were performed. Distribution of time differences
between T, and T, (T-T,). The distribution is statistically larger than 0 with p = 3.2346 x 10722 by Mann-Whitney test; (D)
Similar simulations were conducted in Anhui model as in (B) and (C). An example was shown on the left, whereas the dis-
tribution for time delays was shown on the right

4. BEHUERME T RISHEAEEMEMITERERLESTNEER. (A) BISHEHIER)FITERBRE (IR
BEHUEIRG; (B) RimAMAXIEEETERRRE MBHISHOEERE. ZEESHIZXEAEA)ELXE. id
T AFTERREREFERE, 12 T) AFAISHEGIEZEE, it 1000 XEENARIL, 2 REERIEHRRETFE(B); (C) 1000
RBEHUASINGE R, #IAEN Ta-Ti. Mann-Whitney 838 R/RIRHEHEREZXRT 0 (p = 3.2346 x 107'%); (D) RBER
ITRZRENSRUMR TR RLAE EENEFEEFIER, WMB)F(C). £EARS, HEANEHIHE
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3.3. TIERBRF BTN ERZ HiSHHETHEFERE

FE R R BEATUB DL T S BR JGAE DR B G 3 7 25 B[R] R 12995 9137 22 06T (8] 22 9 o 10547 1000 VX B AL
L, Gt TOREIR B YL F i7 Z A 8] (T ) 2995 51375 22 18] (T) o RSSHUARS AT RESEE 3 A 25 H o BEHLEUR 61
WE AA)FTR . TERERER T 20 HIUE(E, BEJS TNI%, 52 FRISINEIERIEE . B TR0 ™k BT
PEftit, JORERRGE MBS B R 2G5 4(A)). FATEZBICRERIE G E 7 T 0 R T #i2%
35 I IR] (K] 4(B) AT 4(C)), REATCIERE G 75 2 £ i 7] SLBLE % (Mann-Whitney £3%:, p =
3.2346 x 107%), R A oA ] 4(C)FTR (BB N 6 K, 95% LN 24.1 K). EES], DEEENL
Bl gh REL 2 Re LT 50 K (] 4(C)). FAI1IE FH 2 BT O ALEEAT A0 T [19], 45 SR I 2 BE B BT
SR R IX —ANRHE,  RIJCREIR B YL 1 I [RIR T2 i i 2R (8 4(D)). ixuegt R W], TR
TR T I R 2 3 R T W20 T R ]
34. AP FENEERBREEN _ARLZHFI

T R TSNS Z 5 AL TCRERIR G R B v Re s s IR K. AR B (=1, 2, 3)
FORAN AR TP S5 H e R L 5 A), BT 2 i MEE[19], ¥4 B (1= 1, 2, 3)TRLARHLF, i
=F-pi(i =1, 2, 3). LA B B i ARNEALRBR A I IS TE T COVID-19 M HFRHIE(LR F > 1),
FRF R H B AR I A2 L BITCRE R I (A =1, | FI C WA 0) TERFART #2548 Tt i 4
T, FHUES KT 1. T 1000 (RBEHUEAL, Soit tHIl R B R BIMEE, Bl [ HF4E 2028 300 K. 4
F=2ok# 3 MmHE, ML RBRIIIRA R, 1E10%L0F (& 5(B)). s 5, BRJLEHY
e 2 F=8H, %5 80% L% HM —xBK (% 5(B)). LGt Z R BKRTHRITERIIRI, BN FBUE
Al DABH R R, M F=8 ), “FENB R EL) 30 K. KL, BMERieHieES, ABHofr
TETCRERIER YL, 25 SO TSR 48 T, A4 n] Bl A i 26 — %t
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Figure 5. Probability of outbreak given only one asymptomatic patient. (A) Representative trajectories of patients for a dura-
tion of 300 days with contact factor F = 4; (B) The fraction of stochastic runs showing COVID-19 outbreak with different F
values. 1000 simulations were run for each F; (C) Kernel estimation of latent period of coronavirus outbreak

5. ABFPEE L M RERBESEMA RBLINE. (A) ZRMEHIEME 300 FHEIE(X), REZEMERF = 4;
(B) THIEMER, PENRLIPHI RRLHINE, FEHRIILIT 1000 08; (C) THIFMER, RRLEBRE
ks Ki]

DOI: 10.12677/aam.2021.104101 936 IR Esid


https://doi.org/10.12677/aam.2021.104101

T 4

4. g

H 2019 4 12 ALK, FiAaRm el R B fE ARG E N EE. COVID-19 BA R M i AL K
$[20], DRIMCAGRRE A . B EBUR AT ™4 B 12 18 it s D i FEL T 7 COVID-19 Mk #% . 481, AR
1 JCAE R S B P SR G TT RE T BRI 1 1R K

BT HAFHRE, AR T — MEIERIBER, ALK A S A2 b 1 BE AT AR TR e
52 “SEIR” BAUAHLE G [21]. EAEEMNE, TR B TRA SRR, FIEA RN
COVID-19 413 EHEZ) V). A B BRI, 1 IR G & AL R R, AR B T2 i3k A iR
LA WIRAT IR FHE o 5 AR 1 it , - B A o 1/ S JORE RIS G 3 A1 RE 8 fid A 28 — e 1 o [
IR R, BEAE AR A SO B AR, fid k3 S S B Rt 2 b 2 % . N s 1 o,
TERIAGE R, —IRE RIS T SR HT . 22808 A RITAS 2020 F4) B8 26 800, BFENRILA
SR, AT TRAR ELA Ao SR AR (L 1070 %2 107°).

PR GE R OR, TR e 3 20 R 2 35 08 T 0025 (17 22 1|), e K AR i mT LA 31 50 K LA
Fo IANERAATEZ N, FOABERREFLE L AN OREREGE, 958 T ReflUR 58 e ts . fid
R R VAR I 2 B A B B B T 4 R . BRI R AR R 0N ) e N S BRI T 2 1
VAR AFAE — 8 ZE8E, X PIREAE FH T 2020 A7) 2 155 8 A B[R] AN I [R] I 0T, BT DA BT SRS e
MIASIE o A5 51 NI TR )12 W3 22 1] g 22 3R A5 TE A AR R4 5 80UR

IR AR AL SR TGRS X COVID-19 R IR E B . [FIRS, Rk iRl =B xs Tl g &
Mo B, AARAIBE K SRR SRR . RIFEURG — BRBURA A R i i, et Ay

FEl AL T
B O

BRI 2 PRI 272 i R 7 2 e 6 AR SRR SH o
E&WmE

B 5% B SRR 5 2 4w 5 H (31971185) 1 22 B4R M B 5 E N A SRR R E S T H
(gxyqZD2020031) % Bl

&E 3k
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