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WE AXHNELMRitHAFTRBEEMK (COVID-19) Z BTN TR e E LMK i &, HFi
B Richards ¥ K 8 & £ X kK COVID-19 ZE M FM F 0 6 B AT ATH,; £ulvEah £, 2 B4t
COVID-19 Z BTN TR = oy 3E &t B V3 A 4 H 58646 7 %, 4 E COVID-19 & & #AT
B B BR B RO TR, B4 S A v . B o B R BR A TN B4R, B B K 4% 2 [ COVID-19 J% 1% [ By
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X HATRAEERR FLEEVEIEAE  Richards 14 HERE
MSC (2010) @732, 62J02, 62F10
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1 3

2019 4 12 H £ 2020 4 1 A4, FEBIALE BOUTT RS AR 1 2 1537 R el DO 25 AL ) fi 78 58 3
(15 P A 20 Z0Ks Mo BRI 55 A 44 SARS-Co V-2, FH KT B e PR # I S (1 il 2 A 4424 COVID-
19), Bl AR e, B HAt X R A th RS A B 1 IS, BLOR RN (hie ARIEAT
E AR BIRTE ) MUE K LRGN, JERIUH JAL Y Tl 28150, 514 COVID-19 KH Y
TR EE SARS-CoV-2 J& T SARS I tbmas, LARFIGE KRR Ul Eidon 3 Z i M 3@ 1, maedt
ANBIETIREERSGE, LG R GER A0 AE SR T AL RE I, A4S AR 5 70 4% B DI g
A HAT— BRI S e R4, HIX NI S ARG IRESS. SARS-CoV-2 fERELET5 T EL
SARS X NRMIEH K, BARRIE: (1) K, (2) AW ADBUs s NRGE RN, HEI5ET,
MRRIGZIES, FEERAEMEIR; (3) BA NN AR R ALHREE 7 R ikr &, H T R 3kA
WPIRE K IR D) A A 3R IR, ANHERRIEAT HAig 42, COVID-19 72 BATIR 3 A% Gtk (1™ 5 Sk
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WPIRGE B, H RTIE B R IRIGIT 1246 40 . X — et a8, INZAEF TG, NEEEE,
S5 IR O RS, 20 N B B M el BRI 2B iy e A ok e E . & 2020 4F 3 H 3 H,
WERSE 8 HRFITHSTHFIA 2,900 ZFIFET-RIF], 4BRER - EA OIS #IE 10,000 BAwRHI. I
HJE (https://voice.baidu.com/act/newpneumonia/newpneumonia/?from=osari_aladin_top1) 17T 7 [
(http://ncov.dxy.cn/ncovh5 /view/pneumonia) ¥k = COVID-19 B 15 LBy K EH 42 LU L
FZE s Sl 1 B, B P P I TR) R AR B SX NN A A0 2 2020 4E 1 23 HAT
2020 4 2 H 12 H. WE—AREHE 1 A 23 B, NEsl e 2 5E, b EBURFERE T RHUSAGZ |
BELA] L AT R0 7T S 9 451t 42 55 T BT A FR) 4 L A 972 T i, X L ISCSREAE Tt R 32 155 A% R A 14 428 1
EEEEEH. N T RN IE S, R F IS, B2 ORI R AT
RHEAT 0 S5 B i6, FA 1 L Z A [E COVID-19 21 H 24T R 2 /0 M AR, H b R R AT 9
ERETTIR T RS KRR NI I TT iR —.
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FEPNE e R, Wu 55 U S eCi e 1 AR 7E 1 25 A% 75,185 #il. [EET, Read 45 12
TR, 6B AT P HE HE R LR, COVID-19 B 1E 2 H 4 Hik &g, Hik 19 . XELTF COVID-
19 P25 15 RS I FOUIN IR AE B SR 5 e A i FE 22 BEAR K. IR, Yang 25 Bl @k R AL 1 55 8% - R85 - g -
BH (SEIR) BTN TR GE (AT) AT E N COVID-19 2175 2 U A 2 73,180 41 (95% &
fEIX (A4 51,308-85,839). M55 4 BT 4 [H % g PAMRZE R afH A COVID-19 Rtz
M@, 1R T — 2RI T A 8) )5 R WAL G 3l ) R I B 1 S5, A R T H
ARG BR R FE TN T St AR IE. fER— % HM 2 A 12 H, Wdba PAEREZ 2R
AR A A L PRI I T BRI AT 2 R B2 9 VA N I PRI2 W R 2 1, (45— 1 2 R 4
T 1.6 J32 W, $UE4E COVID-19 M2 B ECH I T KIIEE), RIS F gt e t
THEE. S5k, Yr 2SR COVID-19 FATH % B HAR 7 AT TR, #dn, Li 55 B UEE T 2020 4F
1 A 22 HafTIX i COVID-19 Fi 425 GIH2 G EEE, il 7 OCBERRAT IR & 701 . FREUE K
I COVID-19 (R AT 12 18 ik 1) A1 A FEAE . Backer 2% 1) FRAEZ S 00 (2020 4F 1 FJE) 7EEN
DAAMHIIX K BRI 88 1B 293 B L ~F- 35078 AR 3, Sl i A BEIE 24 1 B 25 A PRS2 At T WD AR HE . Guan
ST PRI T AR 2020 4F 1 HIRAE 1,009 ISR E#IZE] COVID-19 B I 5RET T #iid M 4
T, Hat COVID-19 @ik NBrfE i 37, R AR 3 R, SR T3 AR B, A L8 825 U
SR AL RIEHE, ATREAN R, RIS/ L.

25 BRI, ARSCNGETT AR L [ A AR ) A FE SR T COVID-19 R R, HLAR SR A2 40 T 1) 3t
HIBFAT: (1) FHARZRME Richards HK fZRBRSRAT 50 COVID-19 1% IR, AL3E BT 61 A 21195
ToNEEE TR T, WF A2 rp i 2 B i o ) @ (2) I Gt AR 2t Rl @R U] 1 A 23 H
B STt P QAL B IO R AR RS (R 52 ) (3) SR ARG A F B TR I BR R T ok e ik 2 H 12
FEG A T 5 R s, X6 A B s AT A BRMER I TR AR 8 3 A 3 H, Bl (RASCR
F) COVID-19 RE1% #idf 4ok B [ X AR ZS 51 22 M3k http://www.nhc.gov.cn/xcs/yqth/202002/
4a611bc7fa20411f8balc8084426¢0d4.shtml), FATIRAF U F L4518,

(1) R E B Biss sl R TR BE B RHii2m LS S f Ty 81,127, 10
(85%) ML E(E LR 83,819, 20 (95%) ML E(F LR 84,915, ZEIHEAS B G T, WA 3 A
A (it 3 H 7 HUE) #rismiflbe = mAac gL, A BEAE 3 HIR 4 AW o) 2 A0 5. iR
FAS TN 4.1%, 10 (85%) HILE(E EIRA 4.7%, 20 (95%) HIAE(E EIR K 5.2%.

(2) EHIRBOE 52 m: BOCEIR— N R B 2450 K, BRI 2R R R R e AR
0.3652; — i &, $REG KA ALLE, Ui I B ECR A Zah b TS iR L R & AL

(3) HH (R 5 TR R RRA 70 29 B4R 7 928 155 18 O3 Aar il 7 =T 5 )R e JUARE, A FRAT T R I L
I JE I 1 9 451k B A

2 COVID-19 FfiiRIEL =8 % BEH BN

H COVID-19 MR E A6 LT a4 [ f At A& G i, ATt AR E ¥ COVID-19
TH R, FERTE 1 H 23 HeQ RS 216 0 R B0, 347 7 RIR i Ge it 20 A, FRadid 45 i 52
2 (BAERN WIACEE) B RIHR AL IS, 3R T H B2 K Richards S Y 1282541
AR COVID-19 Btk fEkadh, fEikient b, 3ATE SR Richards 4 il 28 10 22 43 0L & A
TR G, 2 Fr A& Richards 34K 44T RTHm B IR0 & 570, 2 Eh, H—, 44560
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FUHRELE R IENE S B 23K, 1 Richards 3K M2 245 2 RA MRS 4 501 S BE K ik
(HFRT B H (logistic) MIZR); L, 7E 2003 FFI Pk AL 4= E SARS RiHmfEct, JA1HAE
T Richards 34+ 288 01L& AT RCRIR 47, 2 WCHR [8,9]; H =, Richards 34+ il 285 H]
TR G 4 G KL R B O TE 2, NI AT T B4,
B AMTEINRE] COVID-19 & —FifE Yotk AR am AL 4um, H A RAEMEAL Y mI%s i, BEE AT
H o AR A A AN D34, B ARG KT 0, BN A = A(to) MBS ZI to FFAG
ZIEG NHL, I(to) ~ I P I(E) 35N to ATt (> to) BZI RIDIRBIEL, %y = [1(t) — 1(to)]/A, M y
R W KR IR
dlog(y)
dt

Hrb fly,t) RIERCHIIRT 0 <y <1 A ¢ BIESREL H K f(y,t) ZUTN Terner- B pa 4L

= f(yvtftO)v (21)

f(y,t;pa m, )‘) = >‘(1 - ym)lip(yim - ]->p7 (22)

b\ m > 0 (ZWSCHR [10,11)). 4B p =0, m =1 i, 5 2280 — \(1 —y), B4

A
1+ exp{—K( —to) + b}’

RN AMTEFIHIZ 4 (logistic) HYKARAL, 24 p =0 (8K p = 1), m > 0 B, HIA Richards #K5FE. 1M
p = 0 B[P Richards /7 FEEA LR HF A

(1) &2 logistic KA (m = 1) WMERHE, B2t ~ to, y ~ 0 B, dlngt(y) ~ A, I,
y ~ exp{\(t — to) + b}, RINIEER 2L,

(2) A AR B

I(t) =~ I(tg) +

I(t) = I(to) + Ay = I(to) + A[1 + exp{—K(t — to) + b}] 5, (2.3)

HA B A SRR IR, B AMATHIRBE, K RKIET, b WP EEE
3) WHE “GURBE BT

—

% =al — BI™*, (2.4)

Hfa>0, 48>0 Hiid A= (a/B)"™, B=1/m, K = am. Richards HK 2k (2.3) WLHE 2.

EREFIZX R COVID-19 G IR, BA REMEAL T RSB XGRS i, H R Hf) 1 3
AT LA O B2 ARG Y, X QD3 — i ) R R R Bl 5 vT DU . COVID-19 5 HAtidE
TR, B AR RET 5, BT IR, B, BUEERMHXBAR. ATEYEARAEE,
A E YRR R B ARE “ TR BT TSR — T of, RIS B2k f e FE 38 I, T bl o5 22 155 1
I, NIREE AT, T 35 5L AR LSRR P BB G, R0 K
BRI I — g1, B, H R TR BN PRI AR (2.3). T S L (2.3)
BH 4S8 AL B K M b, I BA ARG 5 E) RS, HSHG T Al B2k [ A T+ 55
REEFAT (S WS 3 ).

ETLL B, MRS B4R (2.3) HPEBTAIX I COVID-19 FEA% (147 A, AL+ Richards JF
AN I 2L (2.3) MENARZAE H T R R & 2 COVID-19 1) R E1 (LR THR T A E) Hidl.

4



REFREE i B 5086 57

E 2 AES% B>0 M K >0 T Richards #{<hk

3 3IEZM Richards [EVARE R ES NG5
3.1 3JEZM Richards [E]J3FER
XFF COVID-19 B R iHfisdml], AT W T FEL M Richards [F] AR .

(t) +€(t)

I(t) =1
I(to) + A[l + exp{—K(t — to) + b}] B + €(t), (3.1)

Hort e(t) NRENLIRZ, B E(e(t)) = 0. 1(t) Jv ¢ 2T 2 (8620 6] R &, 1(to) PTG
SEH.

3.2 HMUSHBUSHIET
A HRABAO 7. R t0 = 0, I(to) = 0, 5675 1(1) HITA:

d{TSf) = ABK[1 + exp{—Kt + b}]" BtV exp{—Kt + b} = (A~ 5 BKe")I(t)'" 5 exp{—Kt + b}.
TR,
og <I(1t) dg?) =log(A~ 5 BKe") + %log(l(t)) — Kt =: 8o + B log(I(t)) + Bat, (3.2)

HH 2350 By B M Be TR KRR
Bo=log(AFBKe"), f1==, Po=-K.

N AR SR Bos By AN By WAL TH IR AR, BATRT LA ¢; k21 0 2 v B L
L(t:) RER (), HED AR, 9T B P RREHR KR Z, RGO (BT, 203
Bk [12]) B9J73%, B, 4 — MG RE R w,(t,t5), 1 < j < n (RCRIAEPEGE K%, £

— I(tj41) — (¢ 1 di(t
A(t) := ;wnl(t,tj)w ~ I(t)d(tf (3.3)
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KR AR IR (3.1) HER, ARIABMEL (b A dn T H5c B R ] Y A A
A(t;) = Bo + Prlog(I(t;)) + Bat; +ei, 1<i<n-—L (3.4)

1= (Ll )T € B Y, = (log(A(t),log(A()).. .. lo(A(b1): X1 = (lo5(I(t1))
log(I(t2)), ..., log(X(tn—1))"s Xon = (t1,t2, .- s tn—1)" Xn = (1, X115, Xon); €, = (e1,€2,...,60-1)";
/B = (/307ﬂ1752)T7 JH:, (34) Ef':':j}ﬁ

Y, = X,.08+ en. (3.5)

i B4k W‘E*”E’J%d\—%fﬁﬁ B B = (XFX,) ' X Y, KAt 8. th 3 MEMERARMEMT S
A B K M b, FHIN—20R, 152, 2R 1(t) L it a5l (6., L(t,)), XA ] A5
I(tn)

l—I(tK)B exp{—Kt, —|—,@o}

Hrp K =—py, B=1/8. —BIEIET, o Ml K MfiHAIXBRa e, REATFHZIHE A f1 B, WAy
HE K =K, By = fo, LA A Fl B [ffe/N 3Rttt N0ME, RERTFE (3.1), AR R 5% 21
J7 Al

A:

f: (I(ti) —Iy— A[l + f;;: exp{—Kt; + Bo}} B>2

i=1

BRI SEAN T A fl B RS
VER P, 7€ Richards KM FTIR T, BT 0IMEHE (BHm 0] Brimess) shara iRz, i
IR A P A 28 B 0, B 1) R % SR FH e/ 3l vk, B

mlnz — Iy — A[l 4 exp{—Kt; + b}]5)2.

(S, XANARZAEDUAL B R F B U, 2% N R i i Al, Bt S B, 05 RORA I th
ARNE, IR R A R ZRR CCHRITHRIEEE), EABL. Jyul, BA TR AL AR 3
T RV ARPRAE 2 AR AR VERERY (3.2), H H KR A B 2R MR R Ui AR € I VAR RIS 5 6
i vt (RIS, D9 7 BEARECR AR 22, X (3.2) /e PR AR f2 0ot 30 e 2 oxd RO N B BE AT i Ak (1)
ARRE, PRI R T AT TH SR ZR AR (3.5). XANSHUTH T i AR @ VE AT, TH PR, BRI RHOR AT
BEAMEA I [ €m0 (RO Rivk) M Balais (FROV=Ba%) S50, REETTIRN riEB ik %
TORE R, WA RZEREEE, R DIES]. B LR IT %, IR T R T5 2 U T BOR
A E, MG RERD, BB S WK [13].

4 Z£E COVID-19 EIFEHIER TR

DB I HEZME Richards M HIZRIETY (3.1) FISEflivh 75 BA BORL (a7 B L B AR B0
T B PR (4 o, FETE RS 8] S K Richards 34K i ZB 57 B T 2003 4E SARS ¥ 175 1 T T4,
FTEA, FATEREERIH Richards B4K Hi 26800 4 [F COVID-19 #4% BEAT TN TR, 60555025 B i 752
e (5 REAA) ARSI, 45 BB 8 0 12990 (5 BORT 3R H 61293 51 88048 (0 Tt e Tt o 22 9 . Aot [
F A REZE 2 M h http://www.nhe.gov.cn/xcs/yqth/202002/4a611bc7fa20411£8balc8084426c0d4.
shtml _E AT ZEREEEE, FTELHHRAA (3.1) THIZE A B A K, PASGX S 40t I 18] 3810 R R
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4.1 EXEH— AR R 2R 5 B A B S KIS B UM R

EEFE 2 (IRR) B SES TR 1, SR RS H I 45 R AE s (1
A 23 H) —JAEARAR LI Ba B 2 R S BATHERDCE AT 3 RAE—AW 1 A
20 H#E 1 H 30 H, 3t 11 K) § RIS 6188 BEAT 0 B3 e, AT B 2 7 B BE I 18] A 32 AL L,
HIES)

log(XI(t;)) = b+ kt; + €, (4.1)

j=26,7,...,16, HH E(¢;) = 0, Var(e;) = o2, 0K 3. 1 H 20 HJE (1 H 14 HX R ¢o = 0), B
W— AN @ R RHISmBIEIEE (1(t;),6 <t; <9+i} SHE {t;,6 <t; <9+i} MR
AE(1<i<n) WK 2

#x1 2£E COVID-19 ZEUATUNERRESH A T

H 1 A WHWW 20 BEXE WEHBW 2l 5 KB 1 FEbREE
1A31H 212859 (14,338, 16,113) 15,225 (14,380) 35,410 444
2H1H 93,773 (16,946, 18,677) 17,812 (17,205) 34,609 433
2 H2H 69,187 (19,791, 21,463) 20,627 (20,428) 35,334 418
2 H3H 67,221 (23,105, 24,841) 23,973 (24,324) 38,267 434
2H4H 79,792 (27,149, 29,362) 28,255 (28,018) 44,107 553
2 H5H 80,604 (31,007, 33,039) 32,023 (31,161) 47,549 507
2 He6H 71,594 (34,144, 35,588) 34,866 (34,546) 48,202 361
2H7H 69,695 (37,460, 38,671) 38,066 (37,198) 50,191 303
2 A8 H 63,583 (39,663, 40,863) 40,263 (40,171) 50,142 300
2H9H 63,317 (42,285, 43,705) 42,995 (42,638) 51,836 355
2H10H 61,803 (44,412, 45,850) 45,131 (44,653) 52,670 359
2 411 H 59,949 (46,139, 47,423) 46,781 (59,804%) 52,990 321

TE: 20 BISXIEIMIEEL 95% BEAF XL « BRWS (RK) J7i% )5 R

9.0 024
8.5 o A /‘\f\\
0 T
E g0 pu el
' - T —0.2
<« BN
& 751 4o
ol = —0.44
B 7.0 H
= K —0.6
—~ 65 -
—0.87
6.0 i
—~1.07
T T T T T T
1/20 1/23 (EH) 1/30 1/23 (EHk) 1/30 2/3

P[]
(a)

B[]
(b)

(a) log(Rit#iZHEN) HI%KMUE; (b) log(Rit#AISHA]) LMMERE
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= 2 HE—FEA log (Bit#AiILHA) SETEIHHEXRHTL
HIE IR 1 2 3 4 5 6 7
*H?&%ﬁl 0.9969 0.9973 0.9983 0.9982 0.9987 0.9984 0.9973

FI LA H, AHOC R EE B3 IR — & P4 B Asc iR, 3R B B0 91 S 2 SR PR o K. w4
LR PR R AR ZE R 2 G T2 508 k= 0.3652 Al 6 = 0.0851. M 3(b) HATLAFH, 1
H 31 HERZCRW 30 TR, KU log( RITHHZHG]) AL k= 0.3652 FIRPRIEK, R T
/N, TR KB AELE, BT SARS-CoV-2 BIEMRIH—MON N8 1 B4, X i B iU
—JiJa, AR IE T I R B L R S AL

4.2 HIRHE AN 75 A B R IR ROE R BTN TR

B — RS BAR R GI Fa B GO KA Bz, 18 SR T H i B Z T AR X M <€, R AL
LMK, BT R IO AR Y BOR, iR T E KRS, Fik, KB T 7
AT B S AR O A EEYER . X AR A FE MERNEEAY (3.1) X COVID-19 £ [H Rt
R HEAT TN TR, 2 A 1 BRI _ERSE 94,000 Z245, W 1. 240 R — TR0 B 24 B A
AT ZRAR OB SBURT ST 58 3 — 0 BA G PSR 2 ZOCE 2, RIS MBILTE SRR, 2 &3l T 1.
SR SR AR PR A A, AR A (1 BRER AR R AR 4P 11, — I I G iR = 3845 IAE 5% M. Ik H
TR BT, B 5 RTINS KA, S s B AR T BiifE, filhn, 72 2 H 5 Hil 2 A
10 HMEAH 2 5,000.

XK SARS-CoV-2 (IR I 5Z 211271 S B0 AR K BRI, 4 ) DU 30— J&] J5 XA Il G R
BV Z BE R R LRI A GE A 12, B RUR MG 23552 81— e R B IS, #8127
I 5 T B E R0 IS br AN B, BRI ZE St Bt I T BEBOR BRAY, R 1 Hh <5 F TR o %dis o
BEIX AR, 27 EI 3 B (2 H 12 H), EHEFIENAZRR 1 772808 B IG R 5% (B CT 77
) B2, 45 BT S B 2SR 22 IO N IR A B ROE RN RR B A ok T U AL, {H S — U5 THI, X T R
2P BRBE T IR B, A LA R N ] A B G B B AR

EOOE 1 AR <5 BN Mm il B, FovEE R R, mikn &z m, S
Z BB ST 12, DRI, I 43 SERR A A2 VA 1, T AR ARAY . X e FRA 14 D X JE R () B4
R AR SRR VAR AT — L CEYEE 3 ) MR I FRA T B R AT AR . FRATIERER A 2 A 4
HEHL AR (WLEE 4) BEATRSME, AR E Az 2 A 12 HARRIEE. DA RO A (s, R Bt
FHZIE K AR 225 A (29, 59,804). XAFER] XN IS (2 H 5 H& 2 A 11 H) f%L
(3% 7 R) FHATIRE, WK 3.

4.3 HIERERMRENE ST R

A 1 AR R HE AR, it T DA T 2R 1R 1 4R S A P SRAT AR R AT 0L 5 A TS0 19l , 2K 4
S R HEROE J5 4 [ %24k COVID-19 ZEAF AT SE H. a3 2 A 18 HFR HISE &, Seillfg %
AETIER 20 BEXE N, HERE 2 A 19 HSAT 7T IERZRESE, w23 w25 6] ol 1 7
“I RIS WG] B REAT LRI, G £R A o HoR A R AGLIN 45 SR O B P9 51 s 129 91 P Aok, 3%
I 279 B, GEHRR AR X GE T B AR IR R S R, A0 SRR AT i 1l R, AR
WA SRR PR #E 3 A 3 H, 3 HAKMEHXHRZZEHIE 2% W, @it HaRe 4
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x10* «10°
9 |4
5 -
8
i
D
=
= 17
9
2 -
! T T T T ! T T T T T T
1/16 1/23 1 J& 2/4 2/29 1/16 1/23 1 J82/4 3 41  2/29
(53 (353
iR il

(a) (b)
4 (a) 2 A 4 B2ERIHAZKRANMESTN; (b) 2 A 4 B2EFERISHREINUNE ST

* 3 RIS HROINEOERIE
H 3 B RS RofEE

2 Hs5H 28,018 31,364 3,346
2 He6H 31,161 35,827 4,666
2 H7H 34,546 40,299 5,753
2 H8H 37,198 44,701 7,503
2Ho9H 40,171 48,960 8,789
2H10H 42,638 53,020 10,382
2H 11 H 44,653 56,839 12,186

[ SRS B R (WBR S5 A) 58T 81,127, 10 (85%) HiL B AS _FFRA 83,819, 20 (95%)
BB BAE LR 84,915, HEMAR EAAIE 5. Hdid % 1 ARAKEE 1 BN IIE X R ZER R
THEfI2 99 B TR L3 5.

5B 5 AT LG B, ECCER N R G 0 4 B, XA R BRI AT R JE R S R,
BT HARIR T R ST 77 AT S B AU, B4 6K 5 IS, B RS SETRE,
Wifs 3 Hhd) (v 3 A 7 HIG) Bl i 2= Wit gk, A 8E 3 HIRE 4 A WIsiig il i 2= 4
e8¢

4.4 BRITHRTABERNE SN R RTRMA T

FHR T ABUR IR B YA [H7E COVID-19 #fi2 Rl fl st T B, i TR M 2 7E COVID-
19 fz i B, ST NBUT SR, HE 3 A 3 H, &£F COVID-19 KT AZULKE 6.
[F#£H Richards G M2 AT LG FIRIFE ) S8 77, @it RERS 8 R T 2EMIZH
B ZAHRTANEL (RSB E Ag) B A4S Ag N 3,358, 1o (85%) ML B (S LIR A 3,848, 20 (95%) H
HEEERA 4,203 BATKH 7q = % TERTRTR rg RAGTE. S THE, SRR Ak
fq = 3358/81127 = 4.1%, rqy W 1o (85%) L E(E LIRA 4.7%, 20 (95%) HFiAEAE LR K 5.2%.
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* 4 2E COVID-19 BERITHOIETNERESH A T

H 34 A RHTN 20 BAEXE  KHBW (S0 5 RN 1 G hRE%E
2 H12H 91,832 (62,108, 64,623) 63,366 (63,851) 74,735 628
2 13 H 94467 (65,573, 68,940) 67,257 (66,492) 78,056 841
2 H14H 91,289 (68,127, 70,762) 69,445 (68,500) 78,524 658
2 H 15 H 87,753 (69,959, 71,980) 70,969 (70,548) 78,313 505
2H 16 H 86,325 (71,652, 73,669) 72,660 (72,436) 78,810 504
2 H1rH 85638 (73,210, 75,300) 74,255 (74,185) 79,471 522
2 H18 H 85,478 (74,676, 76,358) 75,767 (74,576) 80,258 545
2 H19H 82495 (74,849, 76,696) 75,773 (75,465) 79,054 461
2 A 20H 81,702 (75,464, 77,412) 76,438 (76,288) 79,062 487
2 21 H 81,318 (76,098, 78,080) 77,089 (76,939) 79,226 496
2 422 H 80,985 (76,638, 78,552) 77,595 (77,150) 79,328 479
2 A 23 H 80,111 (76,776, 78,523) 77,649 (77,658) 78,943 437
2 A24H 80,105 (77,114, 79,031) 78,073 (78,064) 79,144 479
2 H 25 H 80,000 (77,485, 79,333) 78,409 (78,497) 79,297 462
2 A 26 H 80,253 (78,230, 79,357) 78,794 (78,824) 79,560 282
2 H27H 80,325 (78,570, 79,583) 79,077 (79,251) 79,730 253
2 428 H 80,630 (78,973, 79,984) 79,479 (79,824) 80,072 252
2 H29H 81,202 (79,538, 80,548) 80,043 (80,026) 80,624 252
3A1H 81,222 (79,891, 80,539) 80,215 (80,151) 80,717 162
3H2H 81,163 (79,977, 80,644) 80,311 (80,270) 80,736 167
3HA3H 81,127 (80,070, 80,741) 80,405 (-) 80,766 168
x 107 %10

« MOHEER

T T I ! T T T T
1/16 1/23 1 /& 2/ 3F 44 58 3/5

(%)

W14

1/I16 1/|23 1 IH
(B

I
2 J&

T T T T
3 4f 5/ 3/5

R 1)

(b)

5 (a) 2ERI (IRK) #2HEGIHNESTN; (b) 2EFE (RK) #ISHEINE ST
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* 5 RiHmA 1 ARRETNTERSUSER

Vi) b R 1K DN H 3K ENVIDN EIPN ENIPN E RPN
3H4H 3HsH 3HeH 3H7H 3HsH 3H9H 3H10H
AR 1 JE T T 80,405 80,520 80,616 80,697 80,766 80,823 80,871
3H2H 3H1H 2H2H 2H2H 2H21H 2H2H 2H2H
ka1 BAMERE (%) —0.052 —0.134 —0.165 0.218 0.360 0.300 0.290
4000 -
3500
3000
=
<
E 2000 |
=
e
1000

T T T T T T T
/2310 23 45 3/5
(EH)
A
6 Z£[E COVID-19 ZIHRTAKIE SN

BN RS TV, (BRI R L, Brigm bl U54E L 3 Ar B in, B bl 2 1 ot
HRJREE. % T SARS-CoV-2 BRI . A5 100 . FAE TR R B AR E | SREE AL Y54 1,
BAT—ZIMARERME, LAORFF R BEEAG, F™He b B 5T, PR RAF QAR AR, D9l COVID-19
PG TR BAN T T

E 41 ARSREN A FE B AR TN TR, (AU S A T et X i T A T
e, WHREEDOT S W E (BB TARE  IRE S WA S ZR0E SRR S84 T T .
F34h, WAL R ) s 21X IR COVID-19 G E 2 5, BTk, 4= Bt Sbr BBk T
LA« Rl DT B, Xt 4 R i, AR R _Eodximldb s (sQT) AIBErs il %
T AE A A T B DX B B BT T T REAT T AR (2 A B el s A, A s SR
SN, SR AT — B BT FUAE 55

Bt AXABHIETHIBHLBERFAETAREALTRFRERIRNG K LH 53, £l iTRs
Biff. MmERAFRABR R, B KA F ARG A ML FAE LA NRTHE.
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Nonlinear regression in COVID-19 forecasting

Hengjian Cui & Tao Hu

Abstract This paper introduces some kinds of nonlinear growth curves for forecasting cumulative COVID-19
patients. It is shown that the Richards curve is reasonable and flexible in this COVID-19 forecasting. The
nonlinear growth curve regression model is established for forecasting cumulative COVID-19 patients and the
parameter estimation approach for the model is also given. Specifically, the COVID-19 situation forecasting in
China is made well which includes forecasting based on consecutive and piecewise time fitting. It provides a good
basis for the future work.
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