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1.1 HEKES5ET

AR F TAELAZUER (WHO) Sl &
BXRENZRH (VOO), T2 8BNS (VOD
A HT WAL T /9722 5Bk (VUM) (https:/www. who.
int/zh/activities/tracking-SARS-CoV-2-variants) 1%
Boro kAR EHR (R 1~3), FHBEE N FERT
X AL G DU F R UE oM, 45 M X ELARRE H B
BEE NBL (GERZE 202242 H 25 H) SRIEF R
DA 5 (https:/covid19.who.int/info) ,
2 M IX A% Gl B bR R 2 A AT K 7 LG Ok TR T
outbreak.info %Y (https://outbreak.info/) .

Table 1 Variants of concern (VOC)

WHO label Pango GISAID clade Nextstrain clade  Additional amino acid Earliest documented Date of designation
lineage changes monitored samples
Alpha B.1.1.7 GRY 201 (V1) +S:484K Britain 2020.12.18
+S:452R 2020.9
Beta B.1.351 GH/501Y.V2 20H (V2) +S: L18F South Africa 2020.12.18
2020.5
Gamma P1 GR/501Y.V3 20J (V3) +S: 681H Brazil 2021.1.11
2020.11
Delta B.1.617.2 GK 21A, 211 +S: 417N India VOI: 2021.4.4
21J +S: 484K 2020.10 VOC: 2021.5.11
Omicron B.1.1.529 GRA 21K, 21L +S: R346K Multiple countries VUM: 2021.11.24
21M 2021.11 VOC: 2021.11.26
Table 2 Variants of interest (VOI)
WHO label Pango GISAID clade Nextstrain clade Earliest documented Date of designation
lineage samples
Lambda C.37 GR/452Q.V1 21G Peru, 2020.12 2021.6.14
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Table 3 Variants under monitoring (VUM)

WHO label Pango GISAID clade Nextstrain clade Earliest documented Date of designation
lineage samples
Epsilon B.1.427/B.1.429 GH/452R.V1 21C America, 2020.3 VOI: 2021.3.5
VUM: 2021.7.6
Reclassification: 2021.11.9
Zeta P.2 GR/484K.V2 20B/S.484K Brazil, 2020.4 VOI: 2021.3.17
VUM: 2021.7.6
Reclassification: 2021.8.17
Iota B.1.526 GH/253G.V1 21F America, 2020.11 VOI: 2021.3.24
VUM: 2021.9.20
Reclassification: 2021.12.22
Kappa B.1.617.1 G/452R.V3 21B India, 2020.10 VOI: 2021.4.4

VUM: 2021.9.20
Reclassification: 2021.12.29
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The virus transmission
chain consists of n

Yellow filled squares:

the squares with
isolation measures
cannot be occupied.
The probability of
occurrence is p,.
Pitpytp=1

steps. The walking
radius is a set of empty
squares nearest to the
unoccupied squares.

7. The time it takes to

walk once.

Green filled squares:
the squares of
immune infection
(such as vaccination),
which cannot be
occupied. The
probability of
occurrence is p,.

Therefore, there is
infection time 7=nz.

White filled squares:
squares around
which viruses can
occupy.

Fig. 1 Schematic diagram of grid model
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Table 4 Threshold of the number of walks n,, (3=1/4)

b b b

are (5003 ) are " G003 )" are " (5003 )
0.40 123 0.30 1807 531 0.20 24010 000
0.39 1975 0.29 2 560 000 0.19 28 920 494
0.38 10 000 0.28 3526 049 0.18 34548272
0.37 31 605 0.27 4742716 0.17 40 960 000
0.36 77 160 0.26 6250 000 0.16 48225 309
0.35 160 000 0.25 8 090 864 0.15 56 416 790
0.34 296 420 0.24 10311 234 0.14 65610 000
0.33 505 679 0.23 12 960 000 0.13 75 883 457
0.32 810 000 0.22 16089 012 0.12 87318 642
0.31 1234 568 0.21 19753 086 0.1 100 000 000
Table 5 Threshold of the number of walks n,, (3=1/2)
are i 0.503 y are iy 0.503 y are iy 0.503 y
0.40 11 0.30 1344 0.20 4900
0.39 44 0.29 1600 0.19 5378
0.38 100 0.28 1877 0.18 5878
0.37 178 0.27 2177 0.17 6400
0.36 278 0.26 2 500 0.16 6944
0.35 400 0.25 2844 0.15 7511
0.34 544 0.24 3211 0.14 8 100
0.33 711 0.23 3 600 0.13 8711
0.32 900 0.22 4011 0.12 9344
0.31 1111 0.21 4444 0.11 10 000
Table 6 Threshold of the number of walks n,, (8=1)
ate n(goss) ate m (g oss) ate na( o)
0.40 3 0.30 37 0.20 70
0.39 7 0.29 40 0.19 73
0.38 10 0.28 43 0.18 77
0.37 13 0.27 47 0.17 80
0.36 17 0.26 50 0.16 83
0.35 20 0.25 54 0.15 87
0.34 23 0.24 57 0.14 90
0.33 27 0.23 60 0.13 93
0.32 30 0.22 63 0.12 97
0.31 33 0.21 67 0.11 100

SFEFWE TSP, XWU T AR120E  BEEERETYN . LIRSS S SR kIR,
MY, WX THEN Db, B, SHESBatcl) A FIn FEBETZIMARTTAY . 2545 A BI{E
Dol NI N o X IR e e b A At A 3 (E AT T 40 #2003 4 SARS-CoV A1 H Rl
EHEE (BN e () EEHRATMMOEZLR  SARS-CoV-2 FE AR ML X (4 34 T AN il 5 B o
feo AHEC, SRR BAE B B e 2 S AR ] 4
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Fig.2 Threshold of the number of walks n,,
(a) p=1/4; (b) p=1/2; (c) p=1.
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Table 7 Estimated and actual control of infection termination time (d)

Strain type Virus outbreak site Epidemic inflection point Prediction end point Actual end point
Original strain type China 9 20 22
Zeta Brazil 34 77 79
Beta South Africa 26 59 54
Lambda Peru 25 57 68
Alpha Britain 27 61 66
Delta India 38 86 80
Gamma Brazil 32 72 71
Epsilon America 22 50 54
Omicron South Africa 15 34 37
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Table 8 Partial mutation of SARS—CoV-2

Place of occurrence of . .
Outbreak time Strain type

virus strain

Mutation

Infectivity Immune escape

(electrical change)

America 2020.5 Epsilon

Britain 2020.9 Alpha

South Africa 2020.10 Beta

Brazil 2020.11 Gamma

India 2020.10 Delta

S131(0-0) weak
W162C (0-0)
L452R (O-P)
D614G (N-0O)
69-70 del
N501Y (O-N)
PG81H (O-P)
D796H (N-P)
D614G (N-O)
K417N (P-N)
E484K (N-P)
N501Y (O-N)
D614G (N-O)
K417T (P-0)
E484K (N-P)
N501Y(O-N)
D614G (N-0O)
E484Q (N-O)
L452R (O-P)
P681R (O-P)
D614G (N-0O)

Strong

Strong Medium strong

Medium Very strong

Very strong

Strong

Strong Medium
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Table 9 Parameters of variant strains without mixed cases
. A 2B
Strain type Place Virus outbreak cycle . 30?
Original strain type China 2020.1.28-2020.2.19 0.17 0.037
America 2020.3.27-2020.4.19 0.15 0.025
Britain 2020.3.27-2020.5.12 0.09 0.013
Zeta Brazil 2020.11.24-2021.2.10 0.07 0.007
Beta South Africa 2020.12.9-2021.1.31 0.15 0.019
Lambda Peru 2021.3.10-2021.5.12 0.12 0.015
Alpha Britain 2020.12.8-2021.2.11 0.15 0.019
Germany 2021.3.9-2021.5.31 0.12 0.013
France 2021.3.10-2021.4.29 0.04 0.006
Italy 2021.2.23-2021.4.14 0.11 0.015
Thailand 2021.4.13-2021.6.16 0.08 0.008
Delta India 2021.5.2-2021.6.18 0.16 0.018
Britain 2021.7.7-2021.7.29 0.13 0.028
Thailand 2021.6.27-2021.9.3 0.11 0.011
France 2021.7.16-2021.9.6 0.21 0.027
Gamma Brazil 2021.2.24-2021.5.5 0.09 0.010
Epsilon America 2020.12.27-2021.2.18 0.10 0.016
Omicron South Africa 2021.11.29-2022.1.10 0.27 0.039
America 2022.1.3-2022.2.3 0.22 0.039
India 2022.1.3-2022.2.15 0.27 0.038
Britain 2021.12.14-2022.2.7 0.15 0.021
Table 10 Parameters of mixed variant strains
Place Virus outbreak cycle Strain type A %
T 3r
Philippines 2021.3.11-2021.5.18 Alpha 0.16 0.017
Beta 0.12 0.022
America 2021.3.17-2021.4.28 Alpha 0.12 0.022
Iota 0.05 0.007
South Africa 2021.6.8-2021.7.20 Delta 0.17 0.021
Beta 0.18 0.022
India 2021.3.31-2021.5.2 Alpha 0.18 0.018
Kappa 0.10 0.012
Brazil 2020.12.27-2021.2.18 Gamma 0.09 0.012
Zeta 0.06 0.005
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Fig. 3 Proportion of each virus strain in bimodal part of the United States and the number of new infections per month

The data comes from the outbreak website based on GISAID database (https://outbreak.info/). The histogram part shows the number of new infections

in the United States per month, while the broken line part shows the changes in the types and proportions of various strains in this epidemic.
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Table 11 Comparison of parameters of various epidemic

strains
Strain type Original place A % Lw
T T B
Original strain China 0.17 0.056 1.16
type
Zeta Brazil 0.07 0.011 1.42
Beta South Africa 0.15 0.029 1.59
Lambda Peru 0.12 0.023 1.48
Alpha Britain 0.15 0.029 1.59
Delta India 0.16 0.027 1.78
Gamma Brazil 0.09 0.015 1.48
Epsilon America 0.10 0.024 1.20
Kappa India 0.10 0.018 1.45
Omicron South Africa 0.27 0.058 1.80
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Table 12 Verification that the parameters A and B of the same strain are not affected by regional changes

Strain type Place A 2B Ratio to 7, Ratio to 7, Absolute value
k3 3¢V (Eliminate 4) (Eliminate B) of difference
Original strain type China 0.17 0.037
America 0.15 0.025 1.13 1.30 0.17
Britain 0.09 0.013 1.89 2.00 0.11
Alpha Britain 0.15 0.019
Germany 0.12 0.013 1.25 1.29 0.04
France 0.04 0.006 3.75 2.16 1.59
Italy 0.11 0.015 1.36 1.17 0.19
Thailand 0.08 0.008 1.88 1.78 0.10
Philippines 0.16 0.017 0.94 1.08 0.14
America 0.12 0.022 1.25 091 0.34
India 0.18 0.018 0.83 1.04 0.21
Delta India 0.16 0.018
Britain 0.13 0.028 1.23 0.74 0.49
Thailand 0.11 0.011 1.45 1.39 0.06
France 0.21 0.027 0.76 0.76 0.00
South Africa 0.17 0.021 0.94 0.9 0.04
Zeta Brazil 0.07 0.007
Brazil 0.06 0.005 1.17 1.25 0.08
Beta South Africa 0.15 0.019
Philippines 0.12 0.022 1.25 091 0.34
South Africa 0.18 0.022 0.83 091 0.08
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Abstract Objective Many mutant strains of SARS-CoV-2 have stronger infectivity and immune escape
ability. The situation of epidemic evaluation, prevention and control is serious. The aim of the present paper is to
track and predict the infectious transmission of COVID-19 through a theoretical model. Methods Based on the
grid epidemic model, this paper discussed the relationship between the duration of infection and the effect of
group immunity, and on this basis, established the theoretical model of infection transmission of COVID-19. The

infectivity parameter 4 and the immune effect parameter B are introduced to predict the daily variation curve of

infection. The parameter s can be used to quantitatively compare the comprehensive infectivity of each mutant,
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and we also test the conjecture that the infection parameters 4 and B are not related to regional factors.
Results Through the theoretical model of infection transmission of COVID-19, the infectious time was
accurately predicted. By analyzing the infectivity and electrical changes of mutant strains, the internal relationship
between the infectivity of mutant strains and the electrical changes of mutant residues was pointed out. The
parameter changes of mutants were analyzed, and the comprehensive infectivity of each mutant was quantitatively
compared. We also verified the conjecture that parameters 4 and B are only related to the nature of the virus itself
and the coexistence of the virus and the human body, but not related to the region where the disease occurs and
evaluated and compared the epidemic prevention level of each outbreak region. Conclusion This paper
established a theoretical model of infection transmission of COVID-19, which can predict the duration of the
epidemic, the number of new infections per day, and evaluate the infectivity of the virus, immune escape ability,
comprehensive infectivity, and regional epidemic prevention level. It can also give some suggestions on epidemic

prevention countermeasures according to the possible parameter changes caused by virus variation.
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