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2 3, WA BTG o BRI, T BT RE L sRIsh = L A RE ) 2 BRAE R R 5
M, AR T ORKERIRGAN R RE S 2 R B, B0 RIS G5 A UG, I 12 0 1) 45 8l O
AR S b BT SR IE OG, ETT A 2 500 5 AT, Hrs g A D AR B 2 i e 4 [ %
b, A FISME 18 BRI S E A 549 3, 128 I i e e 7 AE A T B . A
LR THACE SN 11 M8 (EFET . BYRX) 2 H 10 HLRTARBIVEE EE, X 4815 L EEE 4
TAGIVERE BRI T, 24905 2 H 10 HATEREHLAM S B 02 8 1 =02 —. v T ORE AT SE 4,
AV B R T8 B e M, o BR800 . REETT . IR Bl iR BVR IX . R
B SEERR BB ANT R A WIF A TRAE S TLIRE T T 0 SE B A T AR g e Ak e 91 1
TG SCA K, JATIR W —Fh B R TE 5 AT, Bl B ) SO (0 Ak, il B RO 191 B 45 44 4L
R, R AR HIX L RO R A H L G E I B2 H . #is AR R M ELZ BT
SR TT 8 12 AZ TR B PRI GRS, FERRTEREAS D O T B A B R B, KBS T
Hr8CE I N RIS 8], T DAL - KA 1) 1 A5 2080 2342 A EC T [ A &b — e AT A A%,
B aefL.

TR GBI AR R 2%, 2R NHEARDT . Pt 7] $fo7 XA 2w, sQol i B WG il 2
7%, R T RERGH, i _EF 2812 Bl M SRR A DU ZBOR, 45 NGk 1 IR A™
. PRI, ASSCIE RS S5 R A s AT AT ORI A T S AT 0 T AR R e N NI e .
b7 B 2 T K% (Imperial College London) Bl S2[EH LK% (Northeastern University) (4 455256 [4]
BASRE H AR B BT A5 BE RS B, KR RE AR 1 IR 22 SRl 45 RAE W], BN NI R,
AR TEOL T, R A2 M L, thRgE SO AR L.

BEATAETERS (2 H 10 ), a3AT 7, AR T Bk 2 e KU 3 B e s 7 45 44
AT EAR SCAR B (ARSS A R 150 23 T AN AT EL), =2 18 TR FH 48 T 6 88 10 91 T A 0 2
BB 2R e RO B A% G )UK DA, AT AT BT UK 2 2 T % TR A, RAERE T
(X1 76 4 Kbl 25 20 W L DA% G . el A 3 i #0008, A e s O A B AG TH T
ST ) S G NH. B ARSCTTRR I T

(1) 4R 7 N TR BER I 9 S5 R A 7325, N PR FEE 2 ST R AN TN 2577 72, AERRICREA D (Y
THOLT, thAETS 2 LLBOS I I 45 2R, S BIAH SN D3R B IS T) P 5 ) KA 451 1 ol 1) 2 A

(2) T B B eh PR B S5 A AL BT 9 SCAS B, VR AN 73 A B 0 35 4% G AT B 1k 1) 4 4 A
TR R A SR, SRARST S8 AL e R 25 0T R I 2 4R | 12 S 3B A B0 7 A DA K L il P A= 2
RO, 383 el 12 9 B 1 1 A 8 73 B A

(3) & AT KU AN G M LB, e thh 7 7E s 540, & BRAb v — Iy s b g N B 75 7%,
MU B TAE, KRR TR 2, EASHENME.

2 MxXIfE

COVID-19 Hgk, 51 7 A b FN LB GER SRR, W FE N 51 AN [F) A FE T 7008 A el IR
BE, AR BRI . IMPRYETT . R . SEIE PSR S B8 b B T ] A0 e
B K ZZENAA KRIE Nature FRISCER O 7m0 Bl R 28 5 1828 00 90 16 PR 6, %1%

1) https://www.sohu.com/a/369170126_120207617.

2) ASCHHR KRB TGP A R BT 5 10, JEJEAR (S BRI IFAT IS, 20 SRS AR

BR.
3) https://new.qq.com/omn/20200212/20200212A04QFWO0O0.
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TR FE T RS ) 55 11480 10507 2R e DR 75 A% S R AR G N T

SR RIREIR (Rbe SkBANZI) AIGES X 2% OO RIS M BEHUIR DRI 52 ) JEAT 20 b, R4 T
COVID-19 Jpi B3t fh 5L 3.

EBFIRRRIT I, mmbi - FI R R T w e, RIE 425 BIHEIAEE, it COVID-19 #
RIAFH 5.2 K, RO (EfETFA 2.2, Y NEUEE 7.4 REI—65, R0 7 R B8 AUERIREE T I 10
KRB Lancet 38 7 RN SRBEELE . o H A B B S 070 TAE, #6387 81 B et R 2 1k
S I R A 5 15 AL, CLRIRIT vk, B 7 B AN RERE B 3 RO IR PR AE, T 78 &5 il
15 % F ), Holshue 25 191 £E New England Journal of Medicine (NEJM) FRE T EEE R EERE
(AR, A R BT SR TR YT IR R E R B 1) Remdesivir (BB 7E 43) yA @ 7 HAERH. HIX
SRR KN R IREAE K H G R BE ik Rk S MY 7E Lancet RIE T 99 Bl ECIUE 11k R IN,
Fo B AR AR R, 75% IR US55, 14% (1) 8355 s B ORIV iy, o 23 T S 8U™ & L 5L
AT R GEP, QSRR F A S5 A AE (ARDS). B AR LS B HG)T 5 &, RIS
SRR FFAE 5> G697, RAT T B B R B SR Ll 2 (11297 77 9. Bhed Ll B L - A TF 8
BUe AR EE 2 NN, FEHIBA 30 A 78 N SO A0 46 s T 1099 s R 1 B85 3247 F-3h S vk 4 A,
FRIEFFIIER 47 &, 41.9% 2, 71.80% MIAN 53k B BN I Befh, TERFFUREAR A, B0
TI3N 1.36%, WRIA A ECN 4 K B2 axFporair 7 XguE, BREREN ), W A REL H
P N TP AR 2B R, AR SCR AN T8 ek Bh &5 M Ak 19 1R 77 ¥, Be s R FE 18 w000 A RN 4y
Hrie

FEFRI AR T2 AR 45 b, D 7 B B TR 4t s A Qi i ML R & i s A A M 2 N A ot
PO IR N B X P ] 5 B B B A M2 R AN = BUDURE N B < BN BE R AL KL
BifMEZE x AT DAt QR L B8 BAEBE A A 9 R I 1) B R (R%). 1% BT i i 4t
A 1900 3N, Al Th ABERGL BRI 0] 5 1R 29 R Ta), #1518 H e i B 4000 Jifl. 3
EZR 6K R AL Alessandro #4255 W 23Rk N4 T IX 3K, 7807 8 TAER A X2 R A
R BRI, Z A BRI BRI 5/ D2 ANEL D Al S N3 N, S DU (Bayes) &
Hl: P(N) x P(D|N) = P(D) x P(N|D), ftiit P(N|D), iAo~ 2020 4E 1 H 20 HR TG AHCN
4050 \. XEETE AR —ESEN, B REH THI AR, BFEFEARBRN, B3 A2 A W
P, 2 DL AR RAE . FRATE L AT K BE AN 45 R Ak B Al R e A\ B, B B A T

3 RBERGIBIEEAK

3.1 RANFBERIERG

ARG« B8 BIAS R T, 1030w E R 7730 PERFERE & 5, 504 T I BV E 15 S0, +F
BIanER 1. AL B HE LRI IE SR, BATHZEN PRI BE R A M %, HilX | s
TIN5 N 315 [ I 2 TR o) e W N 1 g AT P I Rt SR B2 s e X = S
I ARFTE 9 B BT TR S S R R, R £91) S 3 A 1 S B i 11 B R R R B ) 5 R e (1]
KA R] S A2 ) B2 I TR R 20 300V LR THI R 52 S 14,

TE XL (YL R]) s 18] 42 o U0 00) 5 BRA T BT ).

A LS IR G (A4 R Rl i FLAT R AN TS B RISk Ak T, B )AL G 2 QT L Wb 5
RE X, Bl 2 B S AL JL It iy ). BRAEREIR I T, B0 f8 3 R BT A B il B LR 14T R

4) http://www.gov.cn/zhengce/2020-02/05/content_5474852.htm.
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* 1 WoEHERRGIFIERIEEG

Table 1 Samples of anonymous COVID-19 cases from different places

Province/City Case examples

Anhui xxx, male, 45 years old, Xiantao City, Hubei Province ---. When the patient returned to his
hometown by car from Hubei on Jan. 10th, he first hung out for 3 hours on Wuhan Hanzheng Street,
and then returned to xxx town of Mengcheng on the 11th. He began to cough, mainly dry cough, on

the 24th, and transferred to the First People’s Hospital of Mengcheng for treatment on the 26th.

Guangxi xxx, female, 24 years old, xxx from Guilin, is the wife of patient xxx who was confirmed on Feb. 1st.
On Jan. 27th, she and xxx returned to Guilin via Wuhan. On the 25th, she showed symptoms such
as fever and sputum appeared. On Feb. 1st, she was hospitalized in the Third People’s Hospital. On

Feb. 4th, she was tested positive - - -

Shenzhen 36 years old male patient, resident in Shenzhen Nanshan. He drove to Ezhou, Hubei on January 20th
and returned to Shenzhen on the 25th. He began to show symptoms on February 1st and was

hospitalized on February 3rd. He is now in a stable condition - - -

fltn: gl o, 12 A 25 BRI, B 205 1 A 15 HRRZEEEm, 51 A 15 Hsdgs.
REBFAERD AT 3 K. Bl ikl xxx, 1 A 8 H ~14 HHAM £ s 2. B M n] RE & Gu it
F29 1 H 14 H, AL ORI SR A W6 7T B J It 1], PRT e v O 30 2 A (I A .

FEX2 (RIFME) S5 Bl e 7 AR A I 1) R BB . 1% 00K . R R P
T Ta WLAIRRYE  IRE 4.

FEX3 (BRisma) St e 2 E R A b BE B a2 ).

ARSI ISR T4 B2 AE R R], T2 i 252 9 LB BE Bt i2 5 e b s Wl ¢, ik
AR _ETCIE IR A Gt N PRI a]. % I 1] — LT BRAE Tl is I a]. fEATES . X EEBE . 2 ATEtie A
FTEe ), KO NERE () ARGRE B, SRS R IHb N, MEEARNGST
ROR, ROt — 245 7B, RN 8 B S mER a7 s bl

TE X4 (WHZmFa]) o s Be i 12 B8 77 4R 12 B 1)

— MR E, W2 BRI 2 — BN A, el SR 2~3 K. Hi 7 AR o B 7 ik
—RAEBEBE IS HIEE 2 R, QSR I (RS AF A, B L2 N 1), RS B 12 i ()
3.2 BRGNS E

XS ANTA B SCAKSE, & 5SROI SCAHEAT VI 0r, B 307 P S A A T B 7 AT 5 (to-

ken), ﬁu 1, ?%?IJ token: “[CLS]”\ «ﬁivv‘ u,fﬁ”n\ “’ 77‘ 443477\ «%—'vv ...... ; ;H\:EFI7 “[CLS]” %%ﬁ{ﬁ”ﬁ@ﬁ
TG
XK token HEAFHIRE: ST, SPBIRG 57, B, <7, <347, <8 Fl—MEdE . k., SRR

R, BEAS AR IR T X SR AR R A A B SCRFAE. 40 g A < FE IR S 2T IR R ) R
IS HUAELGE. MN: X e RYVXF I F O token HIZRIRS: 2] IR YESE, ASCERH 768 4E, N 22—
AT EE. & RS B0 B 2 RS i (5 S, AT R AR A B R AR AL
Transformer (FLEAE N Z5) 1815) 3552 5 ARE 5 RR 1A T ORI, X A) T I8 SURHIE . 18
FRIESFBEAT 52 2. BRI M 2% 5 RS R BRI 2] token Z IAITE & LA FLARHIC &,
A token #fE “I&Z7 FIHADR token X & HIFEHAMMKAGOC R, K NRFIE X BRSSEE Q, K F1 V, JF

5) H AT Transformer &3 48— I SRR, A token AHELJERN, ARSCHRZ “HLIERIE P2
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TR FE T RS ) 55 11480 10507 2R e DR 75 A% S R AR G N T

Age Gender Onset date
Data position 0 0 0 0o 1 0 1 0 0 0 1 1
T T T 4 °* 9 2 4+ =« 2~ °
t t t t
Neural networks ) — — —
_ = ——_——— e =y
Transformer Transformer o Transformer
T t t t

* + * 2 2+ 2 2 2+ T 2+ 2+

Representation [j D D DC} [j [j D D D[ ][ ][ ]
s () 2D 0 (D €3 0 @ D €3 0 £33 B8

1 (MEMFE) REFIJERREMFHBELR. Fik. BHER

Figure 1 (Color online) The deep learning model to extract patient information including: gender, age and date

¥21 QY5 K ZRIMMHERR. EREIPHERH AL attn’ = softmax(Q—\/Ig)V THE.

2 SkVER JIHLHITE 3 iE BTN RHE b EB/E—#E: Concat(attn®, attn!, ... attn®)Wmh JHrh
wmh 25 2 4L

HVEREJE 5 BRI 2 28 ) R P i 22 W 2% 4] S 5mph N 25 %2 ST /). FEN(h) =
ReLu(hWy + by)Wa + by, Hert, Wy Fl Wy A ZEL, by 1 by 2B S

il H e RVXFANENE o MR — AN ML M 2R R 1) A& h,.

B, X R E b NN EEERE, MRS, BRI R B g, 1R R X
Wi L= yiloggi, e M ZUGFEARE, C RERIEE.

X H B ICEE A R 28 AT S5, TR B AR token A T] Bk 2 MRS BT — I % 1 token, 1]
un, «257, “H7, “H” SRR <25, K IRAIES H M & 5 BH4EH— CRF 2, CRF 1Btz
BRECAMNFEE hy BIRHE, 38758 T PR HI S RHE, £ BAR P FIHRI T Re s B INE 2, AR
BA T, WHUE I CRF 2545 3.

3.3 1&EAY)IZ%

RSO AFERE « P HLIX . H ISR EAT 55 2 JE AL AR, 156 AR S i 7 92 B8 A S T 1) 1A
XFRAMES, TATERE 1000 MREA, Hod 800 MEUIZREE, 200 MEIHRLE, BA— M/ 2% 3] %
2E—5, 3E—5, 5E—5 YLk 5~15 &, BURAFIILE S, INZRan, 6 H Sk [15]) BIZR SO 2 YaE 10
A St AR B AR PRI 1] SRR A AR R (accuracy) AT LAENE 100%. X511
SR T DR S /2K 77 2. AR X SR B AE R Rk 99.5%. FEJAIMT H T2 75 9 L) Ta]
RIFISTE] A2 i [R] L B2 ) L HERG R 3008 97%, 98%, 95%, 100%. 5 LSTM+4CNN+CRF 16 J5
LT XL, LSTMA4CNN+CRF FIHERAZR 2> 58 86%, 91.5%, 82%, 96% ©). JETIEH ML M4 LSTM
TS AR 7 5 I () R O BeAS e B8 sl 2 1 1 R, filn <2 A 1 B R$RELT “2 A7,

PLE T AR, Mot i e 2w 4R B, — LA “x A x Hifie” 50 LRSI PE M XA (%
o AR AT LLA B 100%. A0 Ik 550 £ AR A5 25 T8 IX R 75 o S A AR 11 A ofe ) T R

6) ££ LSTM (K&l EIEIN TR R, mT DLSR v Al 2.
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FTE], Bl << A x AR ZEIR )7 “x H x HAEISRGm & PRI H IR E7E, &
G 1] P4 UM AR X e — 2. RS FT0 4845 P 748 2 S0 o, SN0 S A T AT AR 10 PSS AL (1]
AR RGE. 0 I SCAREdEE <1 A 19 HEE R xx BSINIEAL, SEAT MERE, FEANGHA 1
MNKRBERI. 1 H 20 HFRREZRENE, - 1 A 22 HHMREERZER, -, 1 H 26 H, -, 1
H 30 HA -7, BRERBURGERS Ay 1 H 20 H, TARCERGEDY 1 A 19 H. R B ARGt
(AN BB, A7 — AN RGN (8] BE, DU TR0 2 ) BV Pl A AR — NI 8] B D I, ot 1 A 16~17 H
FaCOUHTiRE, AL TSRO 16 H B 17 H BRI, X T AR 8], 24748 2 R0 IR 18] () [7)
BERREAFAE 1 H 22 HZWAT 1 A 23 HARHA, HACSI AR RS — A K, R SR s Byt b —
ANRIYIERS. i i [RIER R AR, POV — 80 BB FEZ VORI ME L, DU EMEE . HXE
B2 BTG 0, I LA RO G B A I, an SRS HY B 22 A2 I 1) HL IR RR AN 1 R, S B SR
T NURL IR, 25 R 208 73 BB B A 1 iR K = 2 1k, X T HER A A 2 I T) 3R HL, i A
TR REHHBhA MR, BE 2 BT AT A IR AL RS, S50 I BEE FI N A0 5% B 22 A/ (0
W, EIFATEM AR AT o3 AT, AR b, SRAISOR 70 288474 20, R R B BAT IR DLt /2
TR B i S5 U2 43 S P LA B 97.5% 1 98%. ZIVERMA— AN A=, N L ek
2, NLEE R A4 BRI 0, 2118 N TR BER R IR, IF H R4 N TR e iy, Ry fe i
B A5 A B sm I 2R ROR .

3.4 HHWHERBIER

R E R IR, A RS R R D, AR D (KI R AR s R s A ) -
O ZER el Rl 22 L PR BRI, Ml s R R s RN (RZFE BRI Wik, 2%
W) R R BRI, Friai R, A A il B E B (KN RAESE)
X 77, AL i B TR DR A B AT R AR AT, IR AEVIZR 86l 100% #ERRAR AORRY, 1hi2
Jr SR R BRA SR IR 7 ik, SR H At i e Ak =6 £ SR K S e], AL XM A

BEAN, BATAB, & 755 X I 12 S5 R IR LR B 1% A7 AR E B2 ol R R DL RO RE A
B, MELAYIN S i EA R AL &% 22 ST AR A AR RGP )5 3%, SRIBUIRAT IR 18] AR 00, dn SRR AT I ] iR
TRIEIN 8], Ui B R R AT, IR AT Re S st 2 T, LA, ARYE G ILAT, AR X EERE L &
JIT R B S SC B A P2 75 25 1 ARRE B M KN EEBE S .

FAERBIA A BRI REXERE . AR —EAAERBAERAER 2 (ribliEz).
RPN 52 REAERE (Re) & SRS BRIV EE SR A 2.

4 FRIIRBIBAE TR

4.1 RREREDH

o JE R E B RN Rl R R A X GY. IOH — SR Go v AR S SRR A B
PRE. R R AR R AR R TAE . RDURSE . TR 2255, “fefl b h B 2 X
N SRJES A A, BESRAE . B, BRI NS GRS A, A XY fa L@ ey
PR3 EAET < AR J UV A A <5 i R A e

HALS G R, A 3 FaT A B, Sk EoRE, BATBUR & LR B e 62.6%, 2 B2
ST SR R, DU A N9 81t 2 4548 T e I R A ) iR DR AELAS [ 8 T A el — IR A 1 PO SR e R L
ANTE, REET S IR S TR A R A R AR o LU AR R ey, LAt B A\ 1) 8 L
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SRR T HUEGE K 53 1) K50 P05 B el PR 2 A% SRS AE AR e N0

Baohe

Ry
o ¢
£5-S
. M. Chen Ever go to small clinic
Anhui »
E
[

Relation
No

B 2 (MERFZE) SaLeBEmRGFEERA

Figure 2 (Color online) An example of the structured Covid-19 case details

1.09

Anhui Tianjin Shenzhen Shaanxi
e 56.0%

- 38.3%

Guangxi Shandong Henan Total

== Traveling from Wuhan == Close contact with an infector == Community infection

== Unkown

B 3 (MERFE) BRERE

Figure 3 (Color online) Causes of infection

i 50%. AR IE RGO KA gt . FF &G Ratele. B AN NS B Al 4,
RPN AL T R SE 1 TR R AP I IS T R S TR AR AR SRy
TR B AL e, FACRRAE G R BRI R, HHL 65%. Flin, F27E 2 At mk, 2
By, P BE O ELAE A BRI AR . AR DX Ge  LEAR R 8D B — B B — g e, mt it
R — b X R L4 L™ B, ATl A0

ik 4, gk 2 7 10 B, BAEBURE LR 61 & H e A R BT s, el s i g 2
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1.0 1
(a) o8] ™ Anhui
0.81 i\ —*— Tianjin
Anhui L 06 —a— Shenzhén

.g 061 o Tianjin k= —e— Shaanxi
© = .
fc: —=— Shenzhen ‘g 0.4 Guangxi
2 041 _o Shaanxi s v— Shandong
< A
~ Guangxi 02 —4&—~ Henan

0.29 —¥— Shandong ’

0.0 —®— Henan 0.0

Jan 25th Jan 29th Feb 2nd Feb 6th Feb 10th Jan 25th Jan 29th Feb 2nd Feb 6th Feb 10th
Jan 27th  Jan 31st Feb 4th Feb 8th Jan 27th  Jan 31st Feb 4th Feb 8th
Date Date

4 (MEMFE) (a) “MREBEN RHEHEHIGEL; (b) “EMBE” LRmflbLt
Figure 4 (Color online) (a) Proportion of infected “travellers to Wuhan”; (b) proportion of infected cases with “Close
physical contact with an infector”

BUTHES. M2 A 11 BT REBIERE, BRIRIITAL, &8 A i A m ] (A ROUR
JE SRR RS RS TR, 2 ERRMALSME S S R B 7 ORIE T B, piR AR
AL

4.2  MRIEEH

P8I RS ARTE R LU B an & 5(a), W LA 2 S50 oW N k%2 T3 6%, & 55 LBl
N 1.14:1, M3RE EARN D BYELL L tE 2 4.5%. (BEE R, B8 IHR BAELBIAR X B R, BEJA 55«
BB, BB E M E 2, I AR S HEW L 5K, X5 — S SRR A KA.
2019 M TAAR FOFE 5T AT BINR AT, BAT AR, B e BlHia 1.5:1, Tk 2R e PRS2 il ¢
IR P At 1.27:1. FrBL “IVELE VRS 5 IR XRS50 o I HERA 1, 2 1 AT ARG
Rl EET A

4.3 FRHw

ME 5(b) R AT B, BF IR AT KRB — AL 44 2O FIEINIES (Flr) 72046, B
HEW AT E N L HRFER AT — B LW, WA AR S ONEE, FIA B IO
OB R AER. BOH 58 B B R R A AR A G, & N R AR A A PR A
N BRFER AR 6 N EE BRERDE, BIRE 6 KEERIBEN ML T —
B, 65 L UL ENTIEIN T 2%, 15 % LT NFEAD T 0.2%, (HEASS ISR HXTRE K. WEH
FU TR, 65% LLEEHE AR 10%, R E HRNDFEER 2 65 5 UL EAND L3850 11.4%.
MENHEREZNIART ZIK. 25 D LUT B3 LLGIAIN B ARE R LEBIAR XD, (HIXIFATE T A
B OEGe. NI IRIERR 0% T AR 2, ST RS L. 55— RP R E R N R
PREIHL 2 AR LD S8 fi P B 7 AR X B 2 50 A, g Ak 1 B e ih %2, 30~65 % SR B, I
NE LB R BRI N 1 B SRR A1, PRI LE N O B ARSE R LE il vt 3%.

7) https://new.qq.com/cmsn/20190125/20190125008337.html?pgv_ref=aio2015&ptlang=2052.
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SRR T HUEGE K 53 1) K50 P05 B el PR 2 A% SRS AE AR e N0

(a) 0.12

[ Patient age (b)
0.10 | [ Natural population

Female 8 0.08
47% Male g

53% £ 0061
5
-

0.04

0.02 4

0.00 -

0—4 2024 40—44 60—64 8084
10-14 30-34 50-54 70-74 90-94
Age

E 5 (MEFEE) (a) BEMRILLS); (b) BHEERIHSEEAODBRFR S AT
Figure 5 (Color online) (a) Gender proportion of patients; (b) comparison of patient age distribution and China’s natural
popularity distribution

0.1751 0.30
@ —#*— Gaussian distribution (b)
0.1501 —e— Poission distribution 0.251
.g 0.125- N Real data 5 020
= =
2 0.100- 5
g % 0.15
= 0.0757 2
2 2 0.104
£ 0.050+ £
0.0251 0.05+
0.000- 0.00 - - .
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Figure 6 (Color online) (a) Data distribution and fit distribution during the latent period; (b) data distribution and fit
distribution of medical consultation delay
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Figure 7 (Color online) (a) Data distribution and fit distribution of confirm delay after visiting. (b) Confirm delay
reduces with visit dates
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Figure 8 (Color online) (a) Data of distribution and fit distribution from infection to confirmation; (b) an overall data
estimation based on early samples
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Figure 9 (Color online) An overall data estimation based on early samples
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Figure 10 (Color online) Infection roadmap for the COVID-19 case occurring at a shopping mall in Baodi District,

Tianjin
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Figure 11 (Color online) Partial sketch of dynamic Wuhan traveling data (provided by Baidu Travel)
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* 2 RINARA BT RG]

Table 2 Cases floating from Wuhan to destination cities

City Floating population rate (%) Floating cases Total cases Cases before Jan. 25th Cases before Jan. 28th
Hefei 0.4 41 104 9 16
Fuyang 0.35 59 105 10 19
Qingdao 0.12 19 43 6 10
Jinan 0.15 17 39 2 4
Heze 0.1 10 13 1 6
Tianjing 0.15 22 79 8 13
Shenzhen 1.87 261 334 26 61
Nanning 0.19 17 32 1 6
Guilin 0.13 22 28 10 15
Beihai 0.09 28 31 7 13
Zhumadian 0.66 74 107 6 13
Taizhou 0.54 76 124 21 39
Changde 0.33 67 93 10 31
Huaihua 0.11 17 38 5 10
Total 5.19 712 1170 122 256

*® 3 RFEAEIRH BRGNS AR R R

Table 3 The estimated the infection rate and infection cases in Wuhan based on data in different cities

City Infection rate (%) Infection cases Infection rate Infection cases
(x10%) (%, unstructured) (x10%, unstructured)

Hefei 0.21 2.23 0.52 5.77
Fuyang 0.34 3.63 0.60 6.61
Qingdao 0.32 3.41 0.72 7.85
Jinan 0.23 2.46 0.52 5.77
Heze 0.18 1.96 0.26 3.01
Tianjing 0.29 3.16 1.05 11.42
Shenzhen 0.28 3.01 0.36 4.04
Nanning 0.18 1.95 0.34 3.83
Guilin 0.34 3.64 0.43 4.82
Beihai 0.62 6.65 0.69 7.56
Zhumadian 0.22 2.43 0.32 3.69
Taizhou 0.28 3.04 0.46 5.12
Changde 0.41 4.36 0.56 6.23
Huaihua 0.31 3.33 0.69 7.58
Average 0.30 3.23 0.54 5.95
Median 0.29 3.16 0.52 5.77

206 I, 3 NI, it NGO 1.45%, YL NEL 15.4 5. XAl T I e A KR KD, (i 72
R, HBA 5 REEIE WL PSS 58 UG R i 7. 7 [ B TR 2RO B DL 1 A 24 HHESMi
CAEC1L N (BB XIEE—K), MhRal 1 5 23 HFEGARL N 6285 4. 56 E AR IL RS 1
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E% 1 The estimated infected case number in Wuhan based on early confirmed case data

Input: City B structured cases, date of city A start to export Tp, closing date Tunq, left popularity Na
in city A, daily net outflow population N, proportion popularity ar export to city B, the growth rate of
infection cases b, Gaussian distribution p and § from infection to confirm, the predicted time T};
Ouput: Infection rate Py, infection quantity Nga of City A;
1: Current date T' <— Tp, max confirm delay AT < 20 day,

current infection quantity Ng, current net outflow population Ngq;

2: while T' <= T,,q do

3 Outflow cases C' « 0;

4 for T; =T toT + AT do

5: According to p, § to calculate the probability of Pr, at confirm dates T5;

6 Estimate the cases export to the city B with confirmed time T, N1, = Pr; X No X ar X Npg/Na;
7 Update confirmed cases in date T; according to Nr;;

8 Update outflow cases C' += Nr;;

9 end for

10:  Update infection cases in city A: Ng = (14 b) x Ng — C;

11: Update population in city A: No —= Npo;

12: end while

13: Calculate the probability P according to the distribution of the confirmed cases;
14: Calculate Ng1, and Pg based on P and the structured confirmed cases of city B;
15: Calculate Ps <— Pg and Nga = Np X Pj.

(1 A 12 HZ ArR B EcEE/D, RADFH), Tua N 1 H 23 H, IRIERELIZE R, 531 A 25 HRE S
AR AR LI 8 0.158. LAE AR A, IRYER 2 RaEd 1 A 25 B AWBEIEL 9 4,
AT DA A R A AR T4 NI 9 B0 Ny, N 57 B, FEARYE Ny, 1FH Pg A1 Pa, R¥E Pa 1FH Nga N
3.1 AN T WA AT S B B>, A EEOR. ARG 23 14 N0 30 A4 1E — N
T RAG R T e N B, MR Y5 1 H 25 HA 1 A 28 BRI 58 3.23 75 AM 2.74 5N 1§ ]
1 H 25 HA 1 H 28 HZHT 14 AT 0 EEE 20 a4k v s i &gy N3, 15 20 67 805 il /2 3.98 JIAN
A 3.56 J5 N, TR 45 3R BARAH 17 3)), (HFI S O A4

b N TSy S| =2 = P I 1 M P R ESR st i R  ReioR 7 s o B ¥ ) A E N S o
. BATA IR DA A LEBRR R, it ) SR AR B SR O SR 2, DA AR Y. A,
R 2 N GAAAE S SURG LR, A7 29I ] F AN 2 AR DU G, T i) eSS AEIR 2 )% 4k e
tean, Jbifgs, AR 0.1% Wik 2 NG, ZI4EAE 28 Bl AT, BF 03I, LAD7 55 fa th o = 13Tl
IRG AR, WK 3. 955 N LA 5 R —RIEIR, #5095 %% N /b AR =R, g -
BRGLEZARR K. £ 1 H 23 H#fi2 549 B, IRAEE SN T C48A 3 AR NS, X
AAZ 2% KBH YL, HELBRNBGRIHIZ NI 50 5, KERGIBSRHLZ, XERAERN
JRDR, T4 & AT RE e A aS A A A, mT AN Kiodia o T B i) 3OME . 2 T R B Aue s, il &y (e
MR RER 2 — RS 4 A 1t

BREAR A H RN R AEMIB BN RE (B0, FURORRE) B, REARTELEY R, 7B i
it — XA BRI G NB JF DL A, 256 KREARE B R G, X — LXK 1S A n
IIMTRITIUE, K I e A B 55 N MR ST BRI, B L e 1 KRS R
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Analysis of COVID-19 spread characteristics and infection num-
bers based on large-scale structured case data
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Xingwei LIU? & Xiaohui XIE?

1. School of Software Engineering, South China University of Technology, Guangzhou 510006, China;

2. Department of Information and Computer Science, University of California Irvine, Irvine 92617, USA,

3. Department of Pharmacy, The First Affiliated Hospital of Anhui Medical University, Hefei 230032, China
* Corresponding author. E-mail: sezhhuang@mail.scut.edu.cn, wangzy@scut.edu.cn

Abstract In early 2020, the novel coronavirus, referred to as COVID-19 burst out. The Chinese people took
the most comprehensive and rigorous control measures to fight against the COVID-19. Local health control
departments reported infection data in a timely manner, which helped the public understand the development
of the epidemic and take protective measures in advance. However, currently, no literature has analyzed the
transmission characteristics of COVID-19 based on the structured data of large-scale patient cases and artificial
intelligence. The detailed case data of patients in various regions are primarily recorded in text form, and the
formats of report data in different provinces and cities differ, which makes it difficult to handle such data. To
analysis around a large anonymous patient case data, we propose a method based on natural language processing
technology to structure the case data. The proposed method can extract key information in the cases accurately
and effectively with the help a pretrained model and a small number of labeled samples. By mining the patient’s
structured case data, we analyze the gender and age distribution, the main causes of infection, the characteristics
of the incubation period, and epidemic trends in detail. Using big data on travel, a method was developed to
estimate the number of infected individuals in Wuhan prior the restrictions were put into effect. This method
helps people understand the real epidemic situation and take execute early protective measures. It is also helps
government departments make evidence-based decisions, dispatch medical staff, and allocate medical resources as
quickly as possible.

Keywords coronavirus, structured medical cases, natural language processing, pretrained models, COVID-19
transmission characteristics, big data of traveling
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